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Territory economics and population stability - can populations be

socially regulated?

TORBIORN VON SCHANTZ

Although Wynne-Edwards' group selectionist theory of po-
pulation regulation was soon rejected, the concept of social
regulation still remains in the literature. Here I examine the
importance of social behaviour (e.g. territoriality) in popula-
tion regulation from an individual selectionist point of view.
One of Watson and Moss' criteria for population regulation
through social behaviour is that the individuals should defend
resources that exceed their need for survival and reproduction.
This is an analogy to Verner's super territory model which is
not compatible with optimality theory. Moreover, the
observations that per capita reproductive rate decreases with
increased group size has often been taken as a sign of social
regulation at the group level. However, it can be demonstrated,
both theoretically and empirically, that population rate of
increase as well as the population's efficiency of converting
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resources into reproduction can increase with increased popu-
lation density in spite of a decrease in per capita reproductive
rate. These correlations reduce population stability in variable
environments. To be effectively regulative social behaviour
must induce a negative correlation between efficiency of
converting resources into reproduction and population density.
With this background I conclude that the importance of social
regulation is highly exaggerated. It is only in a special case
that social behaviour caninduce population stability in variable
environments, viz. in permanently territorial species whose
life expectancy exceeds the average time period of the
environmental fluctuations.

Torbjérn von Schantz, Department of Animal Ecology, Uni-
versity of Lund, Ecology Building, S-223 62 Lund, Sweden.

Selection favours those phenotypes which leave the
greatest number of reproductive descendants. Why,
then, does not evolution lead to populations of
individuals being so effective and fertile that they
overexploit their resources and become extinct?
Although this may be a seemingly naive problem for
population geneticists (e.g. Haldane 1957, but see
Maynard Smith 1968), it remains a major task for
population ecologists to identify the constraints of
population growth (e.g. Thompson 1929, Nicholson
1933, Andrewartha & Birch 1954, Lack 1954, Chitty
1960, Hairston et al. 1960, Wynne-Edwards 1962,
Smith 1963). In his famous book, Wynne-Edwards
(1962) suggested that most types of social behaviour
have evolved to prevent animal populations from
overexploiting their resources. Wynne-Edwards
considered territorial behaviour to be one of the most
powerful factors in preventing "overpopulation”. The
idea was that populations with this type of social
regulation were less likely to go extinct and they would
therefore outcompete populations without any self-
regulation. However, Wynne-Edwards was severely
criticized and the idea of group selection was soon

abandoned in favour of individual, or rather, kin
selection (Maynard Smith 1964, 1976, Williams 1966).
Still, many ecologists insist that populations can be
regulated by social behaviour (e.g. Watson & Moss
1970, Klomp 1972, 1980, Patterson 1980, Begon &
Mortimer 1981, Hassel & May 1985, Moss & Watson
1985). Others are less precise, only suggesting that
social behaviour affects population dynamics (e.g.
Fretwell & Lucas 1969, Maynard Smith 1974, Emlen
1984, Clutton-Brock & Albon 1985, Krebs 1985),
whereas still others deny that social behaviour can
regulate populations (e.g. Lack 1954, 1968, Brown
1969a, b, 1975). Here I will examine whether
populations really can be socially regulated by spacing
behaviour and if social behaviour increases population
stability in variable environments.

Terminology
Population regulation

Much confusion in population ecology is caused by
different authors using expressions such as "popula-
tion control", "limitation" and "regulation" without
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Fig. 1. Relationship between per capita reproductive rate
(broken line), population rate of increase (solid line) and
population density (N) at different carrying capacities (K, K,
and K))).

Sambandet mellan féryngringshastigheten per individ (bru-
ten linje), populationens Skningshastighet (hel linje) och
populationstitheten (N) vid olika birigheter (K, K, och K,)
hos biotopen.

defining them. Here I define population regulation
according to the logistic model in which the per capita
rate of increase decreases with increased density of
conspecifics, i.e.:

(1/N) (dN/dt) = r (1-(N/K))

where r = innate rate of increase, N = population den-
sity, and K = carrying capacity.

Anotherreason for confusion is a lack of generality
concerning the level at which the regulatory factors are
acting; is it the geographical distribution of the popu-
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lation, or the density of adults, or the number of
breeding units, or, e.g. the number of adults plus the
recruits of the year that is regulated? Again the logistic
is useful in identifying the population rate of increase
as the level at which the population is regulated, i.e.:

dN/dt = iN(1-(N/K))

Theoretically, by identifying the factors that set the
carrying capacity of a population (K) one has also, by
my definition, identified the factors that regulate the
population. Examples of this are given in Fig. 1. In
case A some factor sets K at a population density of N,,.
InBKissetatN, andinCat N,. Assume that A, B, and
Cin Fig. 1 describe the same population and that the
factors that set K in each case are predation (A),
resources for winter survival (B), and breeding
resources (C). Then, according to my definition, it is
correct to state that this population is regulated by
predation. If, however, the predators are removed, the
population will be regulated by winter mortality.
Similarly, if also the winter mortality does not occur,
by e.g. supplying the population with an excess of
resources essential for surviving the winter, then the
population will be regulated by breeding resources.

Population stability

In the real world it is likely that the importance of
different potential regulatory factors changes between
seasons and years. How does this affect population
stability?

In an analysis of population stability of r- and K-
strategists at different density-dependent actions,
Southwood et al. (1974) pointed out that the logistic
equation was not useful since it does not allow for
overshooting. Instead they used the difference equation
by May at al. (1974) to predict changes in population
size following perturbation. The highly sophisticated,
but abstract, way of defining population stability
mathematically (May 1974, May & Oster 1976) is of
limited practical use since estimates from field popu-
lations of the parameters are seldom obtainable (but
see e.g. Hassel et al. 1976).

To make the concept more concrete I use stability
here as arelative term. To illustrate this, let K,K,and
K, in Fig. 1 be the carrying capacities set by the
different resource (e.g. food) levels in a varying envi-
ronment. Now let some other factor keep the popula-
tion at some given density (N,, N,,or N, in Fig. 1). The
effects of changes in the resource level on population
rate of increase at different population densities are
given in Fig. 2. From this simple analysis we can see
that a change in the resource level ( A R in Fig. 2)
affects the rate of increase of population n, least and
that of n, most; hence, I define population n, to be most
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Fig. 2. Relationship between population rate of increase and

resource abundance at different fixed population densities (n ,
n, and n, correspond to N, N, and N,, respectively in Fig. 1).

Sambandet mellan populationens skningshastighet ochméing-
den resurservid olika givna populationstdtheter (n, n,ochn,
motsvarar N, N, resp. N, i Fig. 1).

stable. A most important conclusion from this is that
rate of increase of a low density (for whatever the
reason) population is hardly affected at all by a change
in resource availability whereas the same change in
resources has amost profound effect onrate of increase
of ahigh density population. But can spacing behaviour
keep the population density lower than that set by the
carrying capacity of the environment, thereby inducing
increased population stability? Normally population
density should correlate positively with resource
density, thereby reducing stability according to Fig. 2.

Social regulation

Watson & Moss (1970) listed different conditions for
determining whether breeding density is regulated by
social behaviour.

1. A substantial proportion of the population does
not breed.

2. Suchnon-breeders are physiologically capa-
ble of breeding.

3. The breeding animals are not using up the resour-
ces themselves but are preventing competi-
tors from doing so.

4. Theregulatory effects shall be density depen-
dent.

In their reviews, both Watson & Moss (1970) and
Klomp (1972) pointed out that very few, if any, studies
have given data from a single population that fulfill all
of Watson & Moss' (1970) four conditions.

Much of the problems of identifying the existence
of social regulation lies, I believe, in the fact that point
three above is theoretically controversial.

Super territories and population regulation

Undoubtedly, for social behaviour to be regulative, it
is necessary to show that the breeding animals are not
completely using up some resource, such as food. If
they are the resource itselfis aregulating agent. Hence,
as Watson & Moss (1970) pointed out, the breeding
animals shall not only prevent other animals from
using the resource, but the breeders must also leave a
resource surplus thatis not fully utilized by themselves.

This statement is analogous to Verner's (1977) idea
of super territories. Verner (1977) suggested that natu-
ral selection favours individuals that defend territories
larger than necessary to include resources sufficient to
optimize survival and reproduction. Verner meant that
such a defence of a disproportionate share of space and
resources by the super territory strategists increase
their fitness in relation to less aggessive individuals
which get a reduced possibility of survival and
reproduction.

However, as several authors pointed out, Verner's
(1977) modelis not compatible with optimality theory.
The main argument was that those individuals that
maintain a territory of "just sufficient" size receive the
same gain by the exclusion of competitors as the super
territory holder does, but the latter bears all the costs
(Colgan 1979, Getty 1979, Pleasants & Pleasants
1979, Rothstein 1979, Tullock 1979). Hence, unless
the super territory strategists derive some benefit
beyond those accuring to the just sufficient strategists,
the former strategy cannot spread in the population. In
the light of these findings it seems unlikely that spacing
behaviour can regulate populations except in the case
of the obstinate strategy described below.

Territory economics and population stability

Can social behaviour increase population stability in
variable environments? Again, optimality theory is
usefulinsuchananalysis. A simple cost-benefitanalysis
of territorial behaviour is given in Fig. 3. The costs of
defending the territory increase with territory size. The
benefits increase rapidly with territory size initially
but will reach an asymptote when the amount of
resources in the territory exceeds the animal's need for
survival and reproduction. The optimal territory size
for the benefit curve B, in Fig. 3A is T,. With an
increase of resources, the benefit curve will increase
steeper (B, in Fig. 3A) and reach the asymptote at a
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Fig. 3. Relationship between costs (broken lines) and benefits
(solid lines) of territorial behaviour for different territory
sizes. A: Optimal territory sizes at different resource levels.
B: Optimal territory sizes at different intruder pressures.

Férhallandet mellan kostnad (bruten linje) och vinst (hel
linje) for revirbeteende vid olika revirstorlekar. A: Optimala
revirstorlekar vid olika resursnivder. B: Optimala revirstor-
lekar vid olika tryck frén inkréktare.

smaller territory size. In that case optimal territory size
will decrease from T, to T,. Decreased territory size
implies an increased density of breeding animals and
thereby, according to Fig. 2, a decreased population
stability. The same effect will occur when the costs of
territorial defence increase (C, shifts to C, in Fig. 3B),
due to e.g. an increased intruder pressure; i.e. optimal
territory size will decrease from T, to T,

Thus it appears that spacing behaviour cannot keep
the population at a density below that set by the
carrying capacity of the environment, nor does spacing
behaviour seem to be an effective stabilizer in
fluctuating environments.

Yet there exists at least one case where social
behavioureffectively can damp population fluctuations
in variable environments and, at least temporarily,
keep the density of breeding animals far below the en-
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vironmental K. I have suggested (von Schantz 1984a,
b) that permanently territorial altricial vertebrates that
feed on a fluctuating food resource keep a constant
territory size if the animals' lifespan is longer than the
average time period of the food fluctuations. The
animals' territory sizes will be so adjusted that they
contain enough food for reproduction, or at least
survival, during the bottle-necks of food scarcity. By
allowing their adult offspring, or other close relatives,
to remain at home as non-breeders to exploit the
resource surplus when resources are increasing the
territory owners remedy the dilemma that confronts
Verner's super territory holder. Later when resources
are decreasing the territory owners expel their non-
breeding relatives from the territory; this is the so
called obstinate strategy (von Schantz 1984a). In effect,
such a population will be socially regulated. When
resources are abundant the breeding animals are not
completely using up the resources themselves but they
are preventing other animals fromutilizing the resources
for reproduction. Hence, the density of breeding
animals will be lower than would have been the case if
territory size instead had decreased in response of an
increase in resources. Instead it is the number of non-
breeding animals that fluctuates in parallel with the
resources. This means that the environmental
fluctuations mainly affect the density of non-breeders
whereas the population rate of increase hardly is
affected at all (cf. Fig. 2). This yields the following
testable prediction: to be effective in population
regulation, social behaviour must induce a negative
correlation between the population's efficiency of
converting the resources into reproduction (rate of
increase) and population density. To illustrate this, let
us go back to the model in Fig. 1.

Per capita reproductive rate, population rate of
increase, and population efficiency of converting
resources into reproduction

FromFig. 1 we see that when the per capita reproductive
rate decreases linearly with population density, then
the maximum population rate of increase is attained at
a population density of K/2. Data from Lack (1968)
and Perrins (1979) on Great Tits Parus majorin Marley
Wood show that the number of fledglings produced
per pair does, in fact, decrease linearly with density of
breeding adults (Fig. 4A). The equation of the regres-
sion line gives an estimated K of 260 breeding birds;
hence K/2=130 individuals. Since the highest number
of breeding birds ever recorded during the study was
172, the probable carrying capacity of breeding
resources was obviously never reached. Instead Lack
(1968, p. 280) suggested that starvation outside the
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Fig. 4. Population parameters of Great Tit Parus major in
Marley Wood, Oxford, during 1947-1963. Data on popula-
tion size and number of fledglings are from Lack (1968:
Table 11), data on caterpillar density (hundreds per m?) are
from Perrins (1979: Fig. 63). A regression line is drawn when
the correlation coefficient differed significantly (p<0.02)
from zero. A: Relationship between number of fledglings per
pair (per capita rate of increase) and number of breeding
adults. B: Relationship between total number of fledglings
(population rate of increase) and number of breeding adults.
C: Relationship between total number of fledglings (popula-
tion rate of increase) and density of caterpillars (resource
abundance). D: Relationship between the ratio of total number
of fledglings divided by density of caterpillars (population
efficiency of converting resources into rate of increase) and
number of breeding adults.

Populationens egenskaper hos talgoxe Parus major i Marley
Wood, Oxford dren 1947-1963. Data om populationsstorlek
och antal flygga ungar frén Lack (1968, Tabell 11), data om
larviithet (hundratal per m?)frén Perrins (1979, Fig. 63). En
regressionslinje har ritats om korrelationskoefficienten skilt
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sig signifikant frdn noll (p<0.02). A: Sambandet mellan
antalet flygga ungar per par och antalet héickande adulter.
B: Forhdllandet mellan totala antalet flygga ungar (popula-
tionens okningshastighet) och antalet hiickande adulter. C:
Forhdllandet mellan totala antalet flygga ungar och tiitheten
av larver (resurstillgdngen). D: Forhdllandet mellan kvoten
totala antalet flygga ungar dividerat med larvtiitheten (dvs
populationens effektivitet att omvandla resurser till
okningshastighet) och antalet héiickande adulta féglar.
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breeding season was the most important density-
dependent factor that regulated the population (see
also McCleery & Perrins 1985). Accordingly, and in
support of the model in Fig. 3 B, Krebs (1971) pointed
out that breeding density, and hence territory size, of
Great Tits in Marley Wood was a function of the
number of individuals that survived the winter; i.e. the
more Great Tits that competed for territories in spring
the smaller the territories. Hence, the population did
not show any signs of regulation through territorial
behaviour (cf. Lack 1968, p. 278, McCleery & Perrins
1985). Since all data points except one are below K/2
the total number of young fledged by the population
should be a positive function of the density of breeders
(cf. the curves describing population rate of increase in
Fig. 1). Fig. 4B shows that this indeed was the case;
however, there is no correlation between density of
caterpillars (main prey for the tits during the nestling
period) and total number of young flying (Fig. 4C). At
first sight this may seem paradoxical, but considering
the fact that the overwhelming majority of the data
points from the Great Tits fall in the density interval
between 0 and K/2 the data make sense in the light of
the model in Fig.2 where the main conclusion is that
the population rate of increase will be insensitive to
changesinresource supply atlow population densities.
In all the cases in Fig. 1 a constant resource level is
assumed. Therefore the population's efficiency of
converting available resources into population rate of
increase will be a positive function of N as long as
N<K/2. Again, this prediction is supported by the
Great Tit data (Fig. 4D) showing that the total number
of young flying divided by caterpillar density correlates
positively with the density of breeding adults. Per
capita rate of increase is a monotonously decreasing
function of N but it is not until N reaches the interval
between K/2 and K that the populations's efficiency of
converting resources into rate of increase (PER), and
the population rate of increase (PRI) itself, will be a
decreasing function of N. These correlations have two
important implications as concerns the interactions
between per capita reproductive rate, PRI and PER:
(1) Based on observations that per capita repro-
ductive success declines with group size in social ani-
mals, Clutton-Brock & Albon (1985) concluded that
population regulation may commonly occur at the
level of the group, rather than at the level of the po-
pulation, and that this may "affect" population stability.
Clutton-Brock & Albon (1985) implicitly took this as
an example of social regulation. But since PRI is likely
to be a positive function of N as long as N<K/2 (Fig.
1) in spite of a negative function of per capita rate of
increase, there is no reason to believe that this density
dependence is regulatory. Nor does it necessarily
imply that the population will become more stable in
the sense illustrated in Fig. 2. On the contrary itis more
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likely that PRI becomes more sensitive to changes in
resource supply with increased N.

(2) As described above both PRI and PER are
expected to show the same function of N as illustrated
by e.g. the curve K in Fig. SA. Any environmental
fluctuation that will reduce K to K will reduce both
PRI and PER whereas an incease of K to K, will create
an increase in both PRI and PER (Fig. 5A). These
changes will occuratany given value of N although the
effect becomes negligible as N approaches zero (cf.
Fig. 2). In contrast, changes in the carrying capacity
will have quite a different effect in the case of the
obstinate strategy described above. Here PRI will
remain constant irrespective of N (Fig. 5B) since the
territory owners (breeders) have adopted a fixed
territory size adjusted to some minimun resource level
(von Schantz 1984a). Changes in K will hence only
affect the number of non-breeding animals whose
presence devaluates PER. In this case PER will be a
monotonously decreasing function of both N and K
(Fig. 5B).

Conclusion

In general, when defence costs are related to territory
size or intruder pressure, social behaviour cannot
effectively regulate or stabilize population rate of
increase in fluctuating environments. This statement
is valid for species that are only seasonally territorial
or have a short life span in relation to the time scale of
the environmental fluctuations. It is only in species
that are permanently territorial and whose life
expectancy exceeds the time scale of the environmental
fluctuations, that social behaviour can be regulatory.
Two groups of contrasting predictions emerge from
the analysis.

(1) In the absence of social regulation both PRI and
PER will show the same dependence of N (cf. curve K
in Fig. 5A), and both will be a positive function of N
as long as N<K/2. In this case any change in carrying
capacity (K) will change both PRI and PER in the same
direction as K (Fig. 5A).

(2) In the presence of social regulation PRI remains
constant and will not be affected by N and K (Fig. 5B).
In contrast, PER will be a monotonously decreasing
function of N and K (Fig. 5B), implying that an
increase in K will decrease PER whereas a decrease in
K will increase PER.

Empirical data support the first group of predictions
(Fig. 4). Unfortunately, I have found no data to either
verify orreject the second group of predictions. Perhaps
this may indicate that social regulation does not exist
in the real world, but if it does I hope that this paper
provokes a search for such data.
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Fig. 5. Relationships between population rate of increase
(PRI), population efficiency of converting resources into
reproduction (PER) and population density. A: Without
social regulation. Both PRI and PER are expected to show the
same function of N. The effects on PRI and PER by changes
in carrying capacity (resource abundance) from K to either
K, orK, areindicated by the arrows at some given population
densities. B: With social regulation. PRI (solid line) remains
constant since the density of breeding units does not change
with N. In this case, a change in carrying capacity will be
compensated by a change in the density of non-breeding
individuals so that PER (broken line) will be a monotonously
decreasing function of N with its greatest value when no non-
breeding animals are present.

Sambandet mellan populationens kningshastighet (PRI),
populationens effektivitet att omvandla resurser till repro-
duktion (PER) och populationstditheten. A: Utan social reg-
lering. Bdde PRI och PER férviintas bero av N pd samma siitt.
Effekten pa PRI och PER vid fordndringar i biotopens bdrig-
het (resurstillgang ) fran K till K, eller K, indikeras med
pilarna vid vissa givna populationstéitheter. B: Med social
reglering. PRI (hel linje) héller sig konstant eftersom tthe-
ten av hiickande par inte cindras med N. 1 detta fall kompen-
seras en dndring av barigheten med en dndring i titheten av
icke héickande individer sd att PER (bruten linje) blir en
stindigt minskande funktion av N med sitt storsta viirde nir
det inte finns ndgra icke héickande individer néirvarande.
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Sammanfattning

Revirets lonsamhet och populationens stabilitet— kan
populationer regleras socialt?

Det naturliga urvalet premierar de individer som producerar
storsta mingden fortplantningsduglig avkomma. Varfor le-
der d utvecklingen inte till populationer som exploaterar
resurserna si effektivt och fortplantar sig s mycket att de
overexploaterar resurserna och dérut?1sin berdmda bok frén
1962 foreslog Wynne-Edwards att de flesta sociala beteen-
den hade utvecklats for att forhindra sddan 6verexploatering,
och han ansdg att en av de kraftfullaste mekanismerna for att
uppna detta var att halla revir. Tanken var att populationer
som hade sddan social reglering skulle I6pa mindre risk att d6
ut 4n sadana som saknade dylik sjilvreglering. Selektionen
skulle allts till stor del ske pa populations- eller gruppniva.
Denna Wynne-Edwards's s k gruppselektion utsattes emel-
lertid for hard kritik och 6vergavs till formén for selektion pa
individniva. And4 hivdar ménga ekologer att populationer
kan regleras genom sociala beteenden.

I denna studie definieras populationsregleringen med
hjilp av den logistiska ekvationen enligt vilken en individs
genomsnittliga forokningstakt minskar med 6kande tithet:
(1/N) (dN/dt)=r(1-(N/K)), dér r 4r den inneboende fortplant-
ningsférméagan, N populationsstorleken och K biotopens
birighet for arten i friga. Regleringen av populationen som
helhet definieras ocksd med den logistiska ekvationen:
dN/dt=rN(1-(N/K)). Med denna definition kan man nu teore-
tiskt bestimma vad som reglerar populationen genom att
identifiera de faktorer som bestimmer birigheten (K). Detta
exemplifieras i Fig. 1. Hir bestimmer tre resursnivéer K, K,
och K, populationsnivéerna N,, N, resp. N,. Anta att det i
delfigur A 4r predationen som bestimmer K, i delfigur B
resurserna for vinteroverlevnad och i delfigur C resurserna for
hickning. Enligt definitionen 4r det d4 predationen som be-
stimmer N. Eliminerar man predationen blir det i stillet vinter-
resurserna som bestimmer N och eliminerar man ocksé vin-
terdodligheten blir det sommarresurserna som bestdmmer N.

For att konkretisera begreppen anvinds hir stabilitet som
en relativ term. Anta att en viss resurs, t ex foda, varierar i
tiden motsvarande resursnivéer K,-K, iFig. 1 och att det finns
tre olika populationer med individtitheterna N, N, och N,
D4 far man det resultat som illustreras i Fig. 2. En forindring
iresursnivan, t ex AR, paverkar populationen med den givna
individtdtheten n; (motsvarande individtitheten N, i Fig. 1)
minst och n, (tithet N, i Fig. 1) mest. Dirfor definieras
populationen n; som mest och n, som minst stabil. Den
viktiga slutsatsen blir d4 att en foréndring av resursméngden



foga paverkar en gles population men mycket kraftigt en tit
population. Nu #r frigan om sociala mekanismer, t ex revir,
kan hélla populationen pa en niv som ir ldgre 4n den som
birigheten tilliter och ddrmed 6ka stabiliteten.

Watson och Moss satte 1970 upp fyra kriterier for att man
skall kunna anse att en population regleras socialt, namligen
1) en betydande del av populationen fortplantar sig ej trots att
2) dessa individer &r fysiologiskt kapabla att gora det, 3) de
hickande individerna uttémmer inte alla resurser men hin-
drar #nda konkurrenter frn att gora det, samt 4) regleringen
skall vara tithetsberoende. Man har hittat f4 om ens nigon
population som uppfyller alla kriterierna. Det verkar som om
detta beror pé att kriterium nr 3 #r teoretiskt kontroversiellt.

Det dr uppenbart att social reglering kan férekomma bara
om de hdckande individerna inte uttémmer resurserna ty
eljest 4r det ju resurserna som sidana som skoter regleringen.
Denna tanke #r analog med den om s k super-revir som Ver-
ner forde fram 1977. Han menade att individer forsvarar
storre revir dn de behdver for optimal 6verlevnad och repro-
duktion genom att de pd detta sitt hojer sin relativa an-
passning, dvs inte 6kar den egna absoluta anpassningen men
istillet reducerar konkurrenternas 6verlevnad och reproduk-
tion. Flera forfattare har emellertid funnit att detta inte
fungerar enligt optimalitetsteorin dérfor att individerna med
super-revir inte fir ndgon extra vinst men madste bira de
6kande konstnaderna for revirforsvaret. Om det #r sé forefal-
ler det osannolikt att sociala beteenden kan reglera populatio-
ner utom i det fall en population anvinder den s k obstinata
strategin enligt nedan.

Kan socialt beteende cka populationens stabilitet i en
variabel miljo? Fig. 3 visar en enkel analys av kostnad och
vinst for revirbeteende. Kostnaden for revirforsvar 6kar hela
tiden med okad revirstorlek. Vinsten 6kar forst snabbt men
avtar sd smaningom och okar inte alls nir tillrickliga resurser
finns inom reviret. I Fig. 3A representeras tvd populationer
med kurvorna B, och B, dir den senare har tillgang till stérre
resurser. Denna far dirmed en mindre optimal revirstorlek
(T,) &n den andra (T)), vilket innebir att den ndr en hogre
populationstithet. Detta i sin tur medfor, enligt Fig. 2, mins-
kad stabilitet. Samma effekt uppstér om i stillet kostnaderna
dndras, t ex fran C, till C, enligt Fig. 3 B. Slutsatsen blir att
sociala beteenden inte kan hélla en population pd en niva
under birigheten och inte heller kan stabilisera en population
i en variabel miljo.

Anda finns det Atminstone ett sitt p vilket sociala bete-
enden faktiskt kan hélla en population 1angt under barig-
hetsnivén, dtminstone temporirt. Jag har sjilv tidigare fore-
slagit att vertebrater som har permanenta revir, vars ungar
kriver kostsam forildravard och som lever pa en varierande
fodokiilla, héller revir av konstant storlek om deras livslingd
#rlangre dn den genomsnittliga perioden for fodans variation.
Revirets storlek bestims av vad som behovs for att reprodu-
cera sig eller tminstone 6verleva de tidpunkter da fodo-
tillgdngen dr lagst. Det gér till sd att de hickande individerna
tillater slidktingar att uppehalla sig i reviret men inte att hicka
nir fodotillgangen #r riklig men kastar ut dem nir det blir
kiirvt. Detta 4r den s k obstinata strategin. Har sker alltsd en
social reglering definitionsmissigt darfor att resurserna inte
helt konsumeras men andra djur forhindras att fortplanta sig.
Antalet individer som fortplantar sig hélls konstant medan
antalet individer som inte fortplantar sig vixlar i takt med
med resurstillgdngen. Det ir just detta som illustreras i

Fig. 2, namligen att populationens foryngringstakt knap-
past alls paverkas av resursvariationerna. Detta ger oss en
testbar hypotes: for att effektivt kunna reglera en popula-
tion méste socialt beteende medféra en negativ kor-relation
mellan populationens fsrméga att omvandla miljons resur-
ser till avkomma (férékningstakten) och popula-
tionstitheten. Vi dtervinder dirfor till modellen i Fig. 1 och
granskar data frin en talgoxepopulation som studerats
manga &r i Oxford.

Fig. 1 visar att om individernas genomsnittliga for-
okningstakt minskar linjart med 6kande populationstithet
kommer hogsta forokningstakten pa populationsniva att in-
triffa nir titheten motsvarar K/2. Fig. 4A visar att detta var
fallet for talgoxarna. Regressionsekvationen ger en uppskat-
tad birighet for K pa 260 par. Den hogsta uppnédda titheten
var 172 par, sileden 14ngt under bérigheten. Lack menade att
svilt utanfor hackningstiden var den viktigaste tithetsbero-
ende regleringsfaktorn och Krebs stodde modellen i Fig. 3 B
och menade att antalet hickare och ddrmed revirstorleken var
en funktion av antalet som 6verlevde vintern. Foljaktligen vi-
sade populationen inte ndgon tithetsberoende revirreglering.
Eftersom alla datapunkter utom en ligger under K/2 skall an-
talet flygga ungar vara en positiv funktion av antalet hick-
ande par. S4 dr ocksé fallet enligt Fig. 4B, men det finnsingen
korrelation mellan larvtillgdngen och antalet flygga ungar
(Fig. 4C). Detta kan tyckas paradoxalt men eftersom antalet
par nistan alla dr ligger under K/2 stimmer bristen pa korre-
lation med modellen i Fig. 2, enligt vilken populationens
okningstakt skall vara okénslig for resursfordndringar vid
ldga populationstitheter.

Eftersom det forutsatts en konstant resursniva i varje
exempel i Fig. 1 skall en populations férmaga att omvandla
biotopens resurser till ungar vara en positiv funktion av N sa
linge N dr mindre éin K/2. Detta visar sig terigen vara fallet
for talgoxarna (Fig. 4D). Vi finner darfor att det dr forst ndr
N blir storre dn K/2 som den genomsnittliga individens
férmaga att omvandla resurser till 6kningstakt (PRI) liksom
populationens 6kningstakt som sddan (PER) blir en mins-
kande funktion av N (Fig. 5). Dessa korrelationer fir tva
viktiga konsekvenser nir det giller samspelet mellan PRI
och PER. For det forsta innebir observationer av minskande
genomsnittlig reproduktionstakt férindividerna med 6kande
storlek av en grupp inte social reglering pa populationsniva.
Det innebir inte heller att populationen blir mera stabil,
tvidrtom #r det troligt att PRI blir kinsligare for resursfor-
dndringar med 6kande N. For det andra maste man vinta sig
att bAde PRI och PER skall reagera pd #dndringar i N pa
samma sitt (t ex kurvan K i Fig. 5A) och vid alla viirden av
N idven om effekterna 4r sma for 1dga N. Den obstinata
strategin ger ett helt annat resultat. PRI forblir konstant for
alla N efter-som revirdgarna héller ett revir av konstant
storlek anpassat efter behovet de sémsta dren. PER kommer
diremot att bli en stindigt minskande funktion av bdde N och
K (Fig. 5B).

Slutsatsen av denna analys blir att nidr kostnaderna for
revirférsvaret beror pé revirstorlek eller trycket frin konkur-
renter kan social reglering inte stabilisera eller reglera popu-
lationer som bara hivdar revir vissa sisonger eller som har en
livsldngd som understiger milj6ns variationsperioder. Social
reglering kan bara forekomma hos arter som har permanenta
reviroch varslivslingd 6verstiger periodldngden i resursernas
variationsmonster,
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