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W
hen I becam

e involved in population dynam
ics in the 1950s, tw

o con­
cepts concerning the fluctuations of insect num

bers dom
inated the litera­

ture: the hypothesis of regulation or governing of num
bers introduced 

by 
N

icholson 
(1933), 

and 
the 

idea 
of 

natural 
control 

advanced 
by 

T
hom

pson (1929, 1939). N
icholson supposed insect populations to be in a 

state of balance w
ith the environm

ent, i.e. special processes -
later recog­

nized as feedback processes (e.g. W
ilbert, 1962, 1971; B

akker, 1964, 1971) -
w

ould return the density to an equilibrium
 w

hich w
as determ

ined by the 
average environm

ental conditions vital to the species. T
hom

pson, w
ho 

w
as an applied entom

ologist acquainted w
ith biological control of insect 

pests, supposed insect num
bers to be kept d

o
w

n
 by predators and para­

sitoids. T
his idea of natural control w

as clearly inspired by successes in 
the biological control of pest insects w

hich h
ad

 been inadvertently intro­
duced 

into 
the 

U
SA

. 
B

y 
introducing specific 

predator or parasitoid 
species from

 the pests' areas of origin, it appeared possible in som
e cases 

to keep such pests below
 the level w

here they cause serious dam
age to 

the relevant crops. 
·H

ence, natural control, as a generalization derived from
 biological con­

trol, gave a possible explanation for the phenom
enon that, u

n
d

er natural 
conditions, outbreaks of insect species are the exception rather than the 
rule. T

he balance of anim
al num

bers, how
ever, w

as entirely theoretical, 
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ensity-independent pm
cesses 

alth
o

u
g

h
 illustrated b

y
 N

icholson 
(1957) 

w
ith

 th~ 
h

elp
 of laborator_Y

 
experim

ents w
ith

 blow
flies. H

o
w

 can o
n

e show
, f~r mstanc~, th

at there is 
an

 equilibrium
 density in

 a natural insect population? A
n

d
 is such a sup­

posed equilibrium
 density a constant, _or, as su

p
p

o
sed

 b~ W
ilbert (1962), ~ 

variable density level th
at changes w

ith
 ch

an
g

in
g

 envuonmenta~ _co~d1-
tions? H

o
w

 can o
n

e estim
ate the values of su

ch
 a variable eq

m
h

b
n

u
m

 
level in

 a natural population (see 
e.g. 

W
olda, 1989, 199~)? !t 

is of~en 
assu

m
ed

 th
at the existence of an

 equilibrium
 level of density is a logic~l 

necessity w
h

en
 n

u
m

b
ers are k

ep
t w

ith
in

 positive lim
its over a lo

n
g

 p
en

­
o

d
 of tim

e b
y

 d
en

sity
-d

ep
en

d
en

t processes. N
icholson (1933) pro~ab~y 

h
ad

 this in
 m

in
d

 w
h

en
 stating (page 133) that "P

opulations m
u

st exist m
 

a state of balance for they are otherw
ise inexplicable". 

A
lthough I consider the few

 successful cases of bio~ogical control to b
e 

legitim
ate field experim

ents su
p

p
o

rtin
g

 the hypothesis of the occurrence 
of natural control, I am

 also aw
are of the counter-argum

ents. O
utbreaks of 

insect pests occur in spite of the presence of specific preda~ors and/or par­
asitoids (and n

o
t only in crops, orchards an

d
 forest plantatio~s). A

dded to 
this, difficulties in biological control arise if in

tro
d

u
ced

 enem
ies are ~o s~c­

cessful as to alm
ost eradicate the prey species, thus causing the exhnct10n 

of the controlling agent, so that it m
u

st be repeatedly reintroduced (e.g. 
V

an L
enteren an

d
 W

oets, 1988). In m
y

 opinion, these counter-argum
ents 

illustrate n
o

t only that biological control does n
o

t alw
ays su~ceed, b

u
t also 

that natural control is less self-evident th
an

 w
as initially believed. T

he les­
son to be learnt from

 biological control, therefore, is n
o

t that insect p
o

p
u

­
lations are naturally controlled, b

u
t that predators an

d
 parasit?ids are 

often, b
u

t n
o

t alw
ays, able to reduce high densities of p

rey
 species f~r a 

period of tim
e. H

ow
ever, this does n

o
t p

rev
en

t ~ut~rea~ o
: local ex~n~­

tions. A
lthough natural control is n

o
t a general prm

c1ple, 1t 8'.~es a reahstic 
explanation for the often effective reduction of ~igh densities of ~a~y 
natural insect populations. H

ow
ever, at the sam

e tim
e, such a reduction m

 
density increases the chance of a population reaching danger_ously low

 
densities in

 the future (underpopulation: A
n

d
rew

arth
a an

d
 B

uch, 1954; 
D

en
 B

oer, 1968), an
d

 m
ay ultim

ately cause extinction. 

3.2 R
E

T
U

R
N

 F
R

O
M

 L
O

W
 D

E
N

SIT
IE

S 

T
h

e hypothesis th
at insect n

u
m

b
ers are in

 a state of balance ':ith
 env~­

ronm
ental conditions (N

icholson, 1933) requires n
o

t only th
at h

ig
h

 densi­
ties retu

rn
 to som

e m
ean

 (equilibrium
) level, b

u
t also that low

 densities 
retu

rn
 to the sam

e level. N
icholson (1937) th

o
u

g
h

t th
at a retu

rn
 of p

o
p

u
­

lation density to the equilibrium
 level from

 either above o
r b

elo
w

. ':a
s 

b
ro

u
g

h
t ab

o
u

t b
y

 intraspecific com
petition: at h

ig
h

 densitie_s, com
petition 

w
o

u
ld

 b
e so severe th

at m
ortality increased an

d
 rep

ro
d

u
ctio

n
 decreased, 

th
u

s th
e density w

o
u

ld
 b

e lo
w

ered
 until a level w

ith
o

u
t significant com

-
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petition w
as reached. A

t low
 densities, the anim

als w
o

u
ld

 profit from
 the 

absence o
f com

petition by m
o

re easily obtaining en
o

u
g

h
 of their neces­

sary
 

resources 
(in 

the 
first 

instance, 
food) 

to 
reduce 

m
ortality 

an
d

 
increase reproduction, so th

at density w
o

u
ld

 increase until a level of sig­
nificant com

petition w
as reached again. M

ilne (1957b, 1962) assu
m

ed
 that 

intraspecific com
petition w

o
u

ld
 operate only at high densities, w

h
en

 one 
individual obtaining its n

eed
s reduces the chances of others d

o
in

g
 like­

w
ise. A

t low
er densities, n

u
m

b
ers w

o
u

ld
 b

e d
eterm

in
ed

 by density-inde­
p

en
d

en
t an

d
/o

r im
perfectly d

en
sity

-d
ep

en
d

en
t processes. M

ilne claim
ed 

th
at density d

ep
en

d
en

ce is restricted to intraspecific com
petition at high 

densities, a view
 th

at stem
m

ed
 from

 the observation that specific preda­
tors an

d
 parasitoids can keep d

o
w

n
 an

 increase in the density o
f their 

p
rey

 only after they have p
ro

d
u

ced
 a n

ew
 generation of adults. T

his 
delay in the response of specific enem

ies to a change of p
rey

 density 
causes the fluctuations in their n

u
m

b
er to lag b

eh
in

d
 those of their prey. 

In
 the determ

inistic regulation m
odels of N

icholson an
d

 B
ailey (1935), 

this 
resulted 

in 
the 

fluctuations 
in 

p
rey

 
num

bers 
sh

o
w

in
g

 an
 

ever­
increasing am

plitude, i.e. 
the opposite of regulation. N

icholson (1937) 
su

p
p

o
sed

 th
at intraspecific com

petition w
ould not sh

o
w

 this lag in a 
num

erical response, at least not so far as m
ortality from

 com
petition w

as 
concerned. L

ater it w
as found, for exam

ple by E
ast (1974), that generalist 

p
red

ato
rs can also react w

ith
o

u
t a tim

e lag. 
In view

 of the u
n

d
en

iab
ly

 great effects of changes in physical condi­
tions, 

especially 
w

eather, 
o

n
 

insect 
n

u
m

b
ers 

(e.g. 
U

varov, 
1931; 

A
n

d
rew

arth
a an

d
 B

irch, 1954), I considered that these theoretical discus­
sions ab

o
u

t a possible regulating m
echanism

 w
ere n

o
t very fruitful. 

I 
w

o
u

ld
 expect physical conditions to be able to change insect n

u
m

b
ers at 

least as vigorously as d
en

sity
-d

ep
en

d
en

t processes, i.e. density-indepen­
d

en
t processes w

o
u

ld
 determ

ine the greater p
art of the variation in n

u
m

­
bers. 

M
oreover, 

I 
d

o
u

b
ted

 
w

hether, 
at 

low
 

densities, 
environm

ental 
conditions w

ill alw
ays be favourable, 

i.e. 
allow

 n
u

m
b

ers to 
retu

rn
 to 

so
m

e m
ean

 (equilibrium
?) density. To test the latter hypothesis, I checked 

for 
three species 

w
h

eth
er the 

m
ean

 egg p
ro

d
u

ctio
n

 p
er fem

ale 
w

as 
alw

ays 
h

ig
h

 en
o

u
g

h
 

to 
retu

rn
 low

 densities 
to 

the 
geom

etric 
m

ean
 

(w
hich is often considered to give a reasonable indication of the expected 

value of the equilibrium
 density). T

hese species w
ere selected because 

their p
o

p
u

latio
n

 d
en

sity
 w

as claim
ed to b

e regulated b
y

 a clearly indicat­
ed

 m
echanism

, an
d

 densities h
ad

 b
een

 estim
ated for m

ore th
an

 10 years. 
It w

as ev
id

en
t that, in all three populations at the m

ajority of densities 
below

 the geom
etric m

ean, egg p
ro

d
u

ctio
n

 p
er fem

ale w
as too low

 to 
retu

rn
 density to this level in o

n
e generation (Figs 3.1-3.3). Indeed, in 

m
an

y
 years egg p

ro
d

u
ctio

n
 p

er fem
ale w

o
u

ld
 h

av
e n

eed
ed

 to b
e m

an
y

 
tim

es h
ig

h
er th

an
 the m

axim
um

 possible fecundity of the fem
ales; see 

section 2.3.7 of D
en

 B
oer an

d
 R

eddingius (1996). 
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Fig. 3.1 E
gg production (averaged p

er fem
ale) of w

inter m
oth (O

perophtera brw
na­

ta) in W
ytham

 W
ood, O

xford, in the period 1950-68, that w
ould have been need­

ed
 in each generation to com

pensate for total generation m
ortality (black dots), 

plotted against density of reproducing adults. T
he required eg

g
 production 

w
ould return density to its supposed equilibrium

 value (the geom
etric m

ean); 
the geom

etric m
ean of density over these 18 years is 7.6 adults/m

2 canopy (logw
=

 
0.88, horizontal w

avy line). Sex ratio is assum
ed to be 1:1. V

ertical broken line 
represents actual egg production p

er fem
ale, assum

ed to be about constant at 150 
eggs. D

ata from
 V

arley et al. (1973). 

It m
ay

 b
e objected th

at density m
ig

h
t retu

rn
 to its m

ean
 level after 

som
e delay, i.e. n

o
t alw

ays in
 th

e next year, b
u

t after 2 o
r 3 years. I also 

checked this possibility (T
able 2.2 of D

en
 B

oer an
d

 R
eddingius, 1996) an

d
, 

indeed, after an
 average of 3 years, decreasing densities tu

rn
ed

 into 
increasing ones, o

r vice versa. H
ow

ever, this delayed density d
ep

en
d

en
ce 

is exactly sim
ilar to w

h
at w

o
u

ld
 be expected if densities fluctuated ran­

dom
ly (e.g. C

ole, 1951, 1954). In addition, the su
p

p
o

sed
 delayed density­

d
ep

en
d

en
t reactions ten

d
ed

 to destabilize the fluctuations b
y

 increasing 
their am

plitude, as is d
em

o
n

strated
 in

 th
e tim

e series of Fig. 3.4. In these 
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Fig. 3.2 E
gg production (averaged per fem

ale) of pine looper (Bu pa/us piniarius) at 
H

oge V
eluw

e, the N
etherlands, in the period 1950-63; relationship plotted as in 

Fig. 3.1. T
he geom

etric m
ean of density over these 14 years w

as 0.52 adults/m
2 

canopy (logro=
-0.28, horizontal w

avy line). Sex ratio is assum
ed to be 1:1. O

p
en

 
squares betw

een tw
o vertical broken lines represent actual m

ean
 egg production 

p
er fem

ale as estim
ated b

y
 K

lom
p (1966) for each generation. A

 w
eak

 correlation 
(rs =

-0.20, N
S

) betw
een density an

d
 m

ean egg production did not com
pensate for 

generation m
ortality. S

ee caption to Fig. 3.1. D
ata from

 K
lom

p (1966). 

field d
ata the difference b

etw
een

 highest an
d

 low
est density (log-range) 

w
as greater (by the p

erm
u

tatio
n

 test of R
eddingius an

d
 D

en
 B

oer, 1989) 
th

an
 could be expected in m

ore than 5-10%
 of the tim

e series in w
hich 

the sam
e n

et reproduction values succeed each o
th

er ran
d

o
m

ly
 (except 

for larvae in A
ugust of the pine looper of K

lom
p, 1966) (D

en B
oer an

d
 

R
eddingius, 1989; 

b
u

t see also 
D

en
 B

oer, 1990a). A
pparently, ran

d
o

m
 

w
alks of densities resulting from

 n
et reproduction values o

f the sam
e 

m
agnitude, b

u
t in

 a different o
rd

er (i.e. in
d

ep
en

d
en

t of th
e p

reced
in

g
 



58 log
,JJ adults/50 m

2 

3.2 

2.8 

D
ensity-independent processes 

·-----1--(J 
+

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
;
-
-
-
-
a
 

2.4 
+

 
-

-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
r
l
.
J
 

2.0 

1.6 

1.2 

0.8 

0.4 

I I 

a
----.--+

• 
I 

I 

• 
+

----+
------{

] 
I 

.
~
 

... 
n
-
~
-
-
·
·
 

0---l ~
·
 

o• I 

tK
J 

: I 

D
-
+

-
-
-
-
·
·
 

... 

0
-
1
-
-
.
~
~
~
~
~
~
-
.
-
,
-
-
r
r
r
r
r
-
-
-
Y
-
-
r
-
r
r
-
r
r
'
T
n
-
-
-
,
'
-
-
r
.
,
-
,
-
r
r
i
.
.
,
.
,
-
-
-
,
-
-
.
-
-
,
-
,
"
'
~
 

10 1 
1

0
 1 

1 0
2 

1 0
3 

10· 

eggs/~ 

Fig. 3.3 E
gg production (averaged p

er fem
ale) of the carabid beetle Calat/111s 

111e/a11occpha/11s at D
w

ingelder V
eld, D

renthe, the N
etherlands betw

een 1965 an
d

 
1978; relationship plotted as in Figs 3.1 an

d
 3.2. B

lack dots show
 egg production 

per fem
ale needed to m

aintain density at the geom
etric m

ean over these 13 
years: 75.9 adults per 50 m

2 heath (log
111 =

1.88, horizontal w
avy line). O

p
en

 
squares betw

een tw
o vertical broken lines represent actual egg production in the 

field as derived from
 relationship betw

een eggs in ovaries an
d

 eggs laid accord­
ing to T

able 3 of V
an D

ijk (1986). S
ignificant correlation (r, =

-0
.5

4
, P

=
0.05) 

betw
een density an

d
 egg production did not com

pensate for generation m
ortali­

ty. N
ote that at tw

o of the higher densities of adults, the num
ber of old adults 

surviving from
 the preceding year is sufficiently high to m

aintain density at its 
m

ean level, so that no egg production w
ould have been necessary. See further 

captions to Figs 3.1and3.2. D
ata from

 B
aars an

d
 V

an D
ijk (1984). 

densities) m
ay often be m

ore stable th
an

 tim
e series observed in the field 

(see also D
en B

oer, 1991), because in ran
d

o
m

 w
alks the delayed density­

d
ep

en
d

en
t effects are rem

oved. A
s stated above, this destabilizing effect 

of delayed density d
ep

en
d

en
ce w

as evident in the determ
inistic m

odels 
of N

icholson an
d

 B
ailey (1935), an

d
 can also be expected to play som

e 
p

art in the m
ore stochastic situation of field populations. 
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Fig. 3.4 A
dult density (log

111 ) in a num
ber of succeeding years in (a) w

inter m
oth 

in W
ytham

 W
oods, O

xford (V
arley rt al., 1973); (b) pine looper at H

oge V
eluw

e, 
the N

etherlands (K
lom

p, 1966), log
10 reproducing adults; (c) carabid beetle 

C
alatlw

s me/1111ocepha/11s at K
ralo H

eath, D
w

ingelder V
eld, the N

etherlands (B
aars 

an
d

 V
an D

ijk, 1984). 
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If insect populations w
ere regulated by som

e feedback m
echanism

, 
density 

w
ould 

fluctuate 
(after 

som
e 

initial 
period 

after 
founding) 

betw
een constant lim

its, i.e. the log-range (log highest density m
inus log 

low
est density) w

ould n
o

t increase w
ith

 tim
e (Fig. 4.13 of D

en B
oer an

d
 

R
eddingius, 1996). D

en B
oer (1991) sh

o
w

ed
 that in all tim

e series longer 
than 10 years, including those claim

ed to be regulated, the log-range 
increased over tim

e to the sam
e degree as in ran

d
o

m
 w

alks of density. 
H

ence, in none of these w
as density kept w

ithin lim
its, as could have 

been expected w
ith densities in a state of balance w

ith environm
ental 

conditions. 
N

evertheless, regulation of density is not im
possible in field popula-

tions. If, in each generation, b
o

th
 the production of reproducing adults is 

sufficiently high to com
pensate for the losses in the preceding gen~ra­

tion, 
an

d
 high densities are 

effectively controlled, such a population 
m

ight be considered regulated. K
luyver (1971) convincingly show

ed t~1at 
a population of great tits o

n
 the isle of V

lieland w
as regulated .accord1~g 

to these criteria. E
ven taking aw

ay 40%
 of the eggs or y

o
u

n
g

 did not dis­
turb 

the 
stability 

of 
this 

population, 
w

here 
density 

w
as 

effectively 
restricted by territorial behaviour in each generation. It w

as a pity, how
­

ever, that the situation studied by K
luyver w

as artificial, insofar as the 
birds w

ere breeding in nest boxes, in w
hich survival of eggs an

d
 young is 

m
uch 

better 
than 

in 
natural 

tree 
holes 

(see 
further 

D
en 

B
oer 

and 
R

eddingius, 1996). N
onetheless, the possibility cannot be exclude~ that 

natural populations of som
e territorial species m

ight be regulated 1f the 
production of reproducing adults ~s alw

ays. high en
o

u
g

h
 to c.omp~nsate 

for losses in the preceding generation, an
d

 1f the exchange of m
d1v1duals 

w
ith other groups of the sam

e species, i.e. the turnover of individuals, is 
not greater than the changes of the num

ber of autochthonous individu­
als. It w

ould be w
orthw

hile to check populations of territorial vertebrates 
for these conditions, b

u
t I do n

o
t expect insect populations w

ill be found 
that can be considered regulated according to these criteria. 

It m
ust be noted that the tests developed in recent decades for overall 

density dependence in tim
e-series data (R

eddingius, 1971; B
ulm

er, 1975; 
P

ollard et al., 1987; D
ennis an

d
 T

aper, 1994) indicate only the occurrence 
of statistical density dependence; they do n

o
t tell us anything about the 

biological processes that m
ay be involved. A

lthough density dependence 
is a necessary condition for regulation to occur, it is n

o
t a sufficient condi­

tion. D
en B

oer (1990a) gives som
e exam

ples of the application of such 
tests producing significant results w

ithout the operation of a density­
d

ep
en

d
en

t m
echanism

. 
For 

instance, after a su
d

d
en

 d
ro

p
 in density, 

B
ulm

er' s (1975) first test often gives a significant result. S
om

etim
es ran­

dom
 w

alks of density give significant results in tests for density depen­
dence, if by chance they do n

o
t show

 a clear trend for a large num
ber of 

generations. L
ong series of unreliable estim

ates of density m
ay give sig-
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nificant results w
ith the test of D

ennis an
d

 T
aper (1994), e.g. data from

 
light 

traps 
(W

olda 
an

d
 

D
ennis, 

1993; 
section 

6.5.3 
in 

D
en 

B
oer an

d
 

R
eddingius, 

1996). 
A

veraged 
estim

ates from
 

large 
an

d
 

heterogeneous 
areas in long tim

e series m
ay give significant results w

ith alm
ost all of 

these tests; com
pare the Pa110/is data over 60 years in D

en B
oer (1990a). 

H
ence, application of these tests gives an

 indication that som
e interesting 

processes m
ight have been operating in the population concerned, b

u
t a 

careful analysis is required to decide w
h

eth
er or not these processes have 

anything to do w
ith regulation of num

bers, or even w
ith som

e kind of 
overall density dependence. For instance, m

an
y

 correlations w
ith density 

m
ay be indirect or even chance events. 

3.3 O
V

E
R

A
L

L
 Q

U
A

N
T

IT
A

T
IV

E
 E

FFE
C

T
S O

F
 D

E
N

S
IT

Y
-IN

D
E

P
E

N
D

E
N

T
 

FA
C

T
O

R
S 

A
lthough I do not d

en
y

 the possibility of the occurrence of natural con­
trol over a period of som

t; decades, an
d

 once a regulated population in 
the sense of N

icholson (1933) is actually found, I w
ill not d

en
y

 it, I am
 

sure that density-independent forces have played a decisive role in the 
dynam

ics of the m
ajority of insect populations observed by ecologists. In 

o
th

er w
ords, I believe that neither natural control nor regulation of num

­
bers gives a sufficiently general theoretical base for the explanation of the 
fluctuating patterns of insect num

bers observed in field populations. In 
particular, physical factors 

(w
eather) 

w
ill significantly influence insect 

num
bers (U

varov, 1931). S
om

e exam
ples are given below

. 
B

ecause of an extrem
e drought in the su

m
m

er an
d

 au
tu

m
n

 of 1959, 
m

an
y

 populations of the caddis fly E11oicyla p11silla becam
e extinct in drier 

parts of the N
etherlands (V

an der D
rift, 1963). In a m

oist forest that Isam
­

pled w
ith pitfalls, the catches of full-grow

n larvae of this caddis fly fell 
from

 about 11 000 in the spring of 1959 to seven in the spring of 1960, 
because of the alm

ost total m
ortality of y

o
u

n
g

 larvae in the exceptionally 
d

ry
 S

eptem
ber-O

ctober of 1959. In a m
u

ch
 w

etter forest, num
bers fell 

from
 about 3400 to 50 (section 2.3.6 of D

en B
oer an

d
 R

eddingius, 1996). In 
a m

oist w
inter, m

ore than 95%
 of the over-w

intering larvae of Calatlz11s 
m

elanocephalus 
(and m

ost probably of 
other autum

n-breeding carabid 
beetles) becom

e infected by fungi an
d

 die (V
an D

ijk an
d

 D
en B

oer, 1992), 
dram

atically decreasing the num
ber of reproducing adults in the next 

year. O
n

 the other hand, after a dry w
inter the num

ber of reproducing 
ad~lts usually increases. F~r a period of 17 years (1971-87), both the year­
ly m

creases an
d

 decreases m
 the num

ber of reproducing adults fitted the 
alternation (w

ith a period of about 3 years) of m
oist an

d
 dry w

inters, 
respectively (V

an D
ijk an

d
 D

en B
oer, 1992). B

ecause insects are poikilo­
therm

ic, all of their activities an
d

 processes are highly d
ep

en
d

en
t o

n
 tem

­
perature. For instance, in C. m

elm
w

cephalus (and m
ost probably in other 
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carabid species), four tim
es m

ore eggs are laid at 19 °C
 than at 8.5 °C

 (V
an 

D
ijk, 1979, 1982). See U

varov (1931) for m
ore exam

ples. 
A

fter the severe w
inter of 1995-96, I observed a spectacular exam

ple of 
the phenom

enon, w
ell-know

n am
o

n
g

 entom
ologists, of the increase in 

num
bers of m

any insect pests, m
ost probably because over-w

intering lar­
vae an

d
 p

u
p

ae did not die from
 fungal disease. In spring 1996, all around 

W
ijster enorm

ous outbreaks of w
inter m

oth, T
ortrix virid111111, a n

u
m

b
er of 

m
iners an

d
 som

e other m
oths occurred, w

hich resulted in local defolia­
tion of trees in m

anv sites. D
ensity-independent changes in the quality of 

the 
food, 

especially 
nitrogen content, can cause 

both outbreaks 
an

d
 

crashes of insect num
bers (V

an D
ijk, 1996; W

hite, 1993). 
In general, the variation betw

een years of m
any density-independent 

factors affecting insect num
bers m

ay be m
uch greater (som

etim
es even 

m
any tim

es greater) than the variation of density-dependent processes, 
so 

that the effects of the latter are overw
helm

ed an
d

 cannot regulate 
num

bers. A
n exam

ple of this is given by D
en B

oer (1986a). In the carabid 
C

. 
111e/1111ocepha/11s, 

the effect o
n

 num
bers of the density-dependent egg 

production is com
pletely overw

helm
ed by the m

uch greater variation in 
larval m

ortality, over years. In order to regulate num
bers, the variation of 

density-dependent processes m
ust be at least as great as the variation of 

all density-independent forces. 
A

s w
e cannot m

ake science by m
erely piling u

p
 exam

ples, I w
ill not 

give m
ore exam

ples of the h
u

g
e im

pacts that density-independent factors 
m

ay have on insect num
bers. Instead, I w

ill discuss the effects of hetero­
geneity in both populations an

d
 environm

ent o
n

 insect num
bers, w

hich 
gives an

 alternative explanation for 
the often surprising stability over 

tim
e of som

e insect populations. 

3.4 T
H

E
 IN

T
E

R
A

C
T

IO
N

 G
R

O
U

P
 A

S A
 U

N
IT

 O
F

 P
O

P
U

L
A

T
IO

N
 

W
hen I w

as first confronted w
ith the hypothesis of the regulation of ani­

m
al num

bers, I realized that this idea stem
m

ed
 from

 a m
echanistic view

 
of natural processes. I have no objections to m

echanistic an
d

 determ
inis­

tic 
hypotheses 

about 
natural 

processes, 
b

u
t 

I 
doubt 

w
h

eth
er 

such 
hypotheses can successfully explain the apparently restricted fluctuations 
of insect num

bers over tim
e. O

n
e can argue that a balance of anim

al 
num

bers can be supposed to exist only if the individual anim
als either all 

have the sam
e chance of survival an

d
 reproduction, or show

 a stable fre­
quency distribution of the critical properties, e.g. a stable age distribution 
and/or a stable frequency distribution of reproductive rates. T

he popula­
tion area should also be hom

ogeneous, so that the individual anim
als can 

be distributed uniform
ly in space, an

d
 be affected to 

the sam
e degree 

everyw
here by relevant environm

ental factors. A
lthough these necessary 

conditions can be relaxed som
ew

hat w
ithout com

pletely abolishing the 
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possibility of population regulation, rapid an
d

 disorderly local changes of 
environm

ental conditions an
d

 the 
com

position of populations, in 
m

y 
opinion, are n

o
t com

patible w
ith a balance of anim

al num
bers over long 

periods of tim
e. 

M
y field experiences have convinced m

e that even in a seem
ingly 

hom
ogeneous environm

ent such as a uniform
 heathland, relevant envi­

ronm
ental factors, e.g. tem

perature, can change over short distances (e.g. 
D

en B
oer an

d
 S

anders, 1970). T
herefore, the environm

ent of a natural 
population w

ill consist of m
any m

icrohabitats in w
hich the fate of indi­

vidual anim
als m

ay be very different, an
d

 usually difficult to 
predict. 

M
oreover, am

ong iteroparous carabid populations studied in the field, 
w

e observed neither a stable age distribution (see e.g. 
D

en B
oer, 1979; 

B
aars an

d
 V

an D
ijk, 1984), nor a stable frequency distribution of geno­

types (e.g. D
en B

oer et al., 1993); frequencies of both changed from
 year 

to year in a disorderly m
anner. T

herefore, I did n
o

t see a rosy future for 
the application of the regulation hypothesis to natural insect populations, 
an

d
 this led m

e to think about possible alternative explanations for the 
relative stability of som

e insect populations. S
uch an alternative should 

incorporate the natural variability in the com
position of field populations 

an
d

 in their environm
ents. 

H
eterogeneity an

d
 variability should not be considered us just draw

­
backs of field data, to be averaged aw

ay in order to discover the underly­
ing m

ore determ
inistic rules of nature. T

hey should be recognized as 
fundam

ental features of a natural situation. T
he chance of survival of a 

population 
m

ay 
even 

be 
increased 

if 
variations 

betw
een 

individuals 
w

ithin that population m
ake it possible for them

 to cope w
ith the varia­

tions in environm
ental conditions in space an

d
 tim

e (D
en B

oer, 1968). For 
instance, in cold periods and at cold sites in their habitat, cold-resistant 
individuals w

ill have a better chance of survival than m
ore sensitive indi­

viduals. T
he sam

e applies to heat-resistant individuals during w
arm

 peri­
ods an

d
 at hot sites in the habitat. In other w

ords, the risk of dying from
 

lethal tem
peratures is spread over individuals w

ith different tolerances to 
extrem

e tem
peratures. T

he num
ber of victim

s of such tem
peratures w

ill 
be restricted to the unlucky sensitive ones, that w

ere at the w
ro

n
g

 site at 
the w

ro
n

g
 tim

e. T
his relationship betw

een spreading of risk an
d

 chance 
to survive is the raison d'etre of the insurance business. 

In alm
ost every natural population there w

ill 
be sufficient genetic 

and/or phenotypic variability in 
sensitivity 

to 
relevant environm

ental 
variables to sim

ulate a degree of risk spreading that resem
bles the situa­

tion m
et by an

 insurance com
pany: the reduction of extrem

e losses, so 
that the fluctuation of losses over tim

e is m
ore or less stabilized aro

u
n

d
 a 

certain value. N
ote that this value is not an

 equilibrium
 value, b

u
t a sim

­
ple m

ean, because there is no m
echanism

 operating that tends to retu
rn

 
deviations from

 this m
ean, either in the paym

ents of the insurance com
-
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pany, or in the losses from
 natural populations. In both cases, the tim

e 
series result from

 a succession of chance realizations. 
R

eddingius an
d

 D
en B

oer (1970), R
eddingius (1971) an

d
 section 4.3 of 

D
en B

oer an
d

 R
eddingius (1996) dem

onstrated that stabilization of ani­
m

al num
bers by spreading of risk m

ight occur w
h

en
 variability and/or 

heterogeneity of reproduction and/or m
ortality are introduced in other­

w
ise unspecified sim

ulation m
odels. T

his suggests that this kind of stabi­
lization 

m
ay 

be 
quite 

general 
in 

field 
populations. 

To 
test 

this 
supposition, I sam

pled field populations in such a w
ay that the degree of 

variability and/or heterogeneity in reproduction an
d

 m
ortality can be 

estim
ated an

d
 com

pared u
n

d
er different conditions. I decided first to 

concentrate u
p

o
n

 the effects of heterogeneity in space, to see w
h

eth
er 

the fluctuations of num
bers over tim

e, in subpopulations at different sites 
of the sam

e habitat, m
ay differ as a result of differences in the reproduc­

tion an
d

 m
ortality of individuals. 

T
he first problem

 to solve w
as: h

o
w

 to define a subpopulation as an 
adequate unit of population, i.e. as a group of individuals the com

posi­
tion (and local environm

ental conditions) of w
hich differ from

 those of 
other subpopulations 

w
ithin 

the 
sam

e 
population area. 

A
s 

w
e 

w
ere 

w
orking o

n
 the dynam

ics of carabid beetles, w
e already knew

 that both 
egg production an

d
 m

ortality are significantly determ
ined by physical 

factors, such as tem
perature (e.g. V

an D
ijk, 1982). W

e also knew
 that the 

relevant physical factors are affected to a high degree by the structure of 
the vegetation (e.g. D

en B
oer an

d
 S

anders, 1970). H
ence, w

e decided to 
sam

ple differently structured sites w
ithin the sam

e heathland, the H
eath 

of K
ralo (part of the N

ational P
ark D

w
ingelder V

eld) in the N
etherlands. 

H
ow

ever, in this large h
eath

 area it w
as difficult to determ

ine w
hich indi­

viduals m
ay be considered to belong together, i.e. 

to form
 a subpopula­

tion that differs from
 other subpopulations. 

T
his problem

 w
as attacked an

d
 solved by M

artien B
aars. Individual 

carabid beetles of tw
o heathland species w

ere radioactively m
arked an

d
 

tracked w
ith a sensitive scintillation detector. T

he directions of m
o

v
em

en
t 

appeared to be arbitrary, an
d

 the distances covered fell into tw
o classes, 

short distances, called ran
d

o
m

 w
alks, an

d
 long distances in a m

ore or less 
fixed, b

u
t arbitrary, direction, called directed w

alks. F
rom

 the frequency 
distributions of directions an

d
 of the tw

o groups of distances, the pattern 
of m

ovem
ent could be sim

ulated in a com
puter program

m
e. W

ith this 
com

puter program
m

e, the m
ovem

ents of a thousand individuals of tw
o 

species, Calatl111s 111ela11ocephal11s an
d

 P
terosticlw

s versicolor, could be sim
u­

lated, an
d

 the area covered by these m
ovem

ents estim
ated (B

aars, 1979a). 
U

sing a thousand brand-m
a.rked beetles, released in sm

all groups in the 
field an

d
 recaptured at different distances, the results of the sim

ulations 
could be checked an

d
 w

ere found to be sufficiently close to reality. A
t the 

sam
e tim

e, B
aars (1979b) sh

o
w

ed
 that year-catches in standard sets of pit-
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falls give reliable estim
ates of local densities. T

his w
as confirm

ed by D
en 

B
oer (1979) for four other species, w

ith the help of extensive m
ark-recap­

ture experim
ents in a sm

all forest. T
he correlation betw

een actual m
ean 

densities an
d

 year-catches in all cases tested is alm
ost unity. 

N
inety percent of the individuals of C. 111el11110cephal11s caught d

u
rin

g
 a 

year (year-catch) in a standard set of pitfalls appeared to have m
oved 

aro
u

n
d

 an
 area of about 2 ha. S

uch a group of beetles of the sam
e species 

is called an
 interaction group, because these individuals are readily able 

to 
m

eet an
d

 interact. T
he other 10%

 
of the year-catch are considered 

directed m
overs that h

ad
 covered greater distances, i.e. 

had m
oved in 

from
 outside the interaction group an

d
 w

ere thus connecting different 
interaction groups by exchange of individuals. To give som

e idea of the 
size of an interaction group: at the H

eath of K
ralo, an

 interaction group 
of C. 111ela11ocepha/11s consists of about 10 000 to 200 000 beetles, of w

hich 
about 30 to 900 w

ill be caught in a standard set of pitfalls in a year-catch 
(Fig. 

2.2 of D
en B

oer an
d

 R
eddingius, 1996). In the sam

e w
ay, it w

as 
established that the individuals in an interaction group of P. versico/or, the 
adults of w

hich are tw
ice the length of those of C. 111d1m

ocepha/11s, m
ove 

aro
u

n
d

 an area of about 12 ha an
d

 at the H
eath of K

ralo w
ill consist of 

about 30 000 to 130 000 individuals, of w
hich about 250 to 1000 w

ill be 
caught in a year-catch (Fig. 2.12 of D

en B
oer an

d
 R

eddingius, l 996). A
n 

interaction group of the related Pterosticlt11s lepid11s lives in about the sam
e 

area of 12 ha, b
u

t w
ill consist of few

er individuals at m
ost sites. Sm

all 
beetles w

ill 
tend 

to 
m

ove over sm
all areas an

d
 big beetles over large 

areas; 
for instance, an interaction group of C11m/J11s cn11cel/11t11s, another 

heathland species w
ith individuals of about four tim

es the length of C. 
me/1111ocepl111/11s, w

ill cover an area of m
ore than 700 ha. 

3.5 SPR
E

A
D

IN
G

 O
F

 R
ISK

 IN
 SPA

C
E 

W
hat are the results of com

paring the patterns of fluctuation in num
bers 

in different interaction groups over years, to test w
h

eth
er they are the 

best population units for studying the dynam
ics of carabid beetles? O

u
r 

standard pitfall sam
pling enabled us, over m

any years, to estim
ate the 

annual relative densities (year-catches) of som
e carabid species occupy­

ing differently structured sites in the entire H
eath of K

ralo. T
aken togeth­

er, the interaction groups of each species can be considered a ran
d

o
m

 
sam

ple of all interaction groups of that species covering the w
hole area 

an
d

 thus form
ing a m

ultipartite population, i.e. a population that consists 
of a continuum

 of m
utually m

erging interaction groups (section 9.2 of 
A

ndrew
artha an

d
 B

irch, 1984). 
L

et us take P
terosticlllls versicolor as an

 exam
ple (see Fig. 3.5 for details). 

F
igure 3.6 show

s the fluctuations in num
bers over years of 10 interaction 

groups, an
d

 of the total (m
ultipartite) population that can be considered 
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to be com
posed of these 10 interaction groups. S

ection 4.4.3 of D
en B

oer 
an

d
 R

eddingius (1996) show
ed that the lim

its betw
een w

hich the density 
w

as fluctuating (log-range=
 LR

) in the m
ultipartite population (consisting 

of six 
of these interaction groups sam

pled for at least 25 
years) 

w
as 

reduced to 58%
 of that of an average interaction group (w

ith m
ean LR

 
values). S

uch an increased range stability for a m
ultipartite population, as 

com
pared to an isolated interaction group, results in an

 increase in its 
expected survival tim

e u
n

d
er stationary conditions, in the present case, 

an increase by a factor o
f>

 10 (see D
en B

oer, 1981). 
For students w

h
o

 like to draw
 conclusions from

 the application of the 
current density dependence tests, it m

ight be interesting to m
ention that 

0 
100 

b
d

 w
et places w

ith dense 
g

ro
w

th
 of grasses 

~
f
o
r
e
s
t
 

C
J
 agricultural fields 

• 
sam

ple site 

Fig. 3.5 S
om

e interaction g
ro

u
p

s of the carabid beetle Pterostic1111s versico/or occu­
p

y
in

g
 areas of ab

o
u

t 12 h
a each

 (circles) aro
u

n
d

 a stan
d

ard
 set of pitfalls at K

ralo 
H

eath, D
w

in
g

eld
er V

eld, the N
eth

erlan
d

s. T
he h

eath
 area is u

n
in

terru
p

ted
ly

 
p

o
p

u
lated

 by this species. R
adioactively m

ark
ed

 beetles of this species cover 
ab

o
u

t 180-190 m
 d

u
rin

g
 a y

ear (as the crow
 flies). F

or the carabid beetle P. lepidus 
these interaction g

ro
u

p
s w

ill cover ab
o

u
t the sam

e areas. 
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Y

ear 

Fig. 3.6 F
luctuations of year-catches in stan

d
ard

 sets of pitfalls in different inter­
action g

ro
u

p
s (subpopulations) of the carnbid beetle P/croslich11s vcrsiculor at 

K
ralo H

eath, D
w

in
g

eld
er V

eld, the N
etherlands. A

t top, fluctuations in the m
ulti­

partite p
o

p
u

latio
n

 co
m

p
o

sed
 of these interaction groups. C

apital letters indicate 
different sam

p
le sites p

ictu
red

 in Fig. 3.5. D
ata from

 V
an D

ijk an
d

 D
en

 B
oer 

(1992). 
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over m
any years the densities in one, b

u
t only one, of the interact.~on 

groups (group N
in

 Fig. 3.6) scored significantly w
ith B

ulm
er's (1975) hrst 

test, 
an

d
 alm

ost significantly (P
=

0.054) 
w

ith the 
test of P

ollard et al. 
(1987). In m

y
 opinion, this w

as n
o

t because this interaction group, an
d

 
none 

of 
the 

others, 
h

ad
 been regulated by som

e 
density-dependent 

process( es), b
u

t because, by chance, the n~mbers of adults did n.ot show
. a 

distinct trend during these 25 years. T
his suggests that density has m

 
som

e w
ay been kept betw

een lim
its. F

rom
 our w

ork w
ith this species, no 

indications of stabilizing density-dependent effects w
ere found. O

n
 the 

contrary, both larvae an
d

 adults are polyphagous p:edators, .i~dividuall~ 
h

u
n

tin
g

 all kinds of available arthropods, so that m
traspecific com

peti­
tion for food does n

o
t seem

 a very probable option, the m
ore so because 

a n
u

m
b

er of carabid species of about the sam
e size are living in the sam

e 
sites an

d
 are h

u
n

tin
g

 the sam
e kinds of arthropods (H

engeveld, 1980). 
T

he significant negative correlation bet:veen 1:1ean densit_Y
 an

d
 ~he 

m
ean num

ber of eggs in the ovaries, as to
u

n
d

 m
 another m

terachon 
group (A

G
) by B

aars an
d

 V
an D

ijk (1984), w
as an

 indirect one, an
d

 m
ost 

probably resulted from
 changes in food quality w

hich are k
n

o
w

n
 to have 

a strong effect o
n

 the egg production of carabid beetles (V
an D

ijk, 1996; 
personal com

m
unication), an

d
 w

hich by chance m
ight have been cor.r~­

lated w
ith changes in density (see also D

en Boei~ 1986a). Intraspecif1c 
com

petition 
for 

food 
is 

not a 
very 

probable 
hypothesis. in 

t.his. case, 
because m

any kinds of potential prey species w
ere found m

 this site (to 
judge from

 other arthropods both caught in these pitfalls an
d

 found as 
rem

nants in the intestines of P. versicolor; H
engeveld, 1980). A

lso, the den­
sity of P. 

versico/or in A
G

 w
as relatively low

 as com
pared w

ith that in 
other interaction groups sam

pled (Fig. 3.6). 
It m

ust be noted that the m
ultipartite population of this species scored 

nearly significantly (P=
0.062) w

ith the perm
utation test of R

eddingius an
d

 
D

en B
oer (1989). A

s the m
ultipartite population is heterogeneously com

­
posed of a num

ber of different interaction groups, this w
ill not result fr?m

 
the succession of net reproduction values being favoured by som

e dens1ty­
d

ep
en

d
en

t process(es). W
e should realize that the m

ultipartite population 
show

n is a rather arbitrary collection of interaction groups, b
u

t this is only 
used to illustrate the possible effects of spreading of risk in space. H

ence, 
by chance, the com

bination of som
e interaction groups m

ay have resulted 
in a relatively favourable succession of net reproduction values. H

ow
ever, 

this spreading of risk is not optim
al, for the fluctuations of num

bers in the 
different interaction groups are not independent: the coefficient of concor­
dance (W

 of K
endall, 1955) being 0.22 (P:::::0.01). Strictly speaking, w

e can­
not exclude the possibility that density-dependent processes, w

hich affect 
the course of num

bers over tim
e, are also operating in som

e interaction 
groups, b

u
t w

e w
ould not expect a significant stabilizing effect from

 such 
processes; see also W

olda an
d

 D
ennis (1993); W

olda et al. (1994). 
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F
igures 3.7 an

d
 3.8 show

 that in the species P
terostichus lepid11s (w

ith 
interaction groups occupying about the sam

e area as 
P. 

versico/or) 
an

d
 

P
terosticlw

s diligens (w
ith interaction groups covering m

uch sm
aller areas), 

the spreading of risk in space over interaction groups has sim
ilar results as 

in P. versicolor (33 an
d

 40%
 reduction of LR, respectively, in the m

ultipar­
tite population). In these three species, the variation of net reproduction 
w

ithin interaction groups over years is about the sam
e as the variation of 

n
et reproduction w

ithin years over interaction groups, an
d

 therefore the 
latter variation can approxim

ately com
pensate for 

the form
er, provided 

there is sufficient exchange of individuals betw
een interaction groups; see 

also section 4.4.3 an
d

 T
able 4.6 of D

en B
oer an

d
 R

eddingius (1996). T
he 

exchange 
of 

individuals 
betw

een 
adjacent 

interaction 
groups 

is 
not 

k
n

o
w

n
 exactly, b

u
t is estim

ated to be betw
een 5 an

d
 20%

 of the individu­
als (see D

en B
oer, 1991), w

hich is sufficient to level out differences in den­
sity fluctuations betw

een adjacent interaction groups. 
A

lthough the above exam
ples of spreading of risk in space w

ere estab­
lished by studying a num

ber of interaction groups, sim
ilar results w

ould 
have been found by studying habitat patches (e.g. H

assell, 1987) or sub­
populations 

of 
a 

m
etapopulation 

(e.g. 
H

anski, 
1991), 

or som
e 

other 
g

ro
u

p
in

g
 in w

hich individuals are expected to interact. T
he only neces­

sary condition is that there is sufficient exchange of individuals betw
een 

asynchronously 
fluctuating 

groups 
to 

contribute 
a 

certain 
degree 

of 
spreading of risk, by levelling out fluctuations of density an

d
 in prevent­

ing local extinctions (com
pare D

en B
oer, 1991). In fact, 

the subpopula­
tions 

m
odel of R

eddingius 
and 

D
en 

B
oer 

(1970) 
is 

a 
general 

m
odel, 

illustrating spreading of risk in space by exchange of individuals betw
een 

groups, w
h

eth
er these groups are patches, interaction groups or subpop­

ulations of a m
etapopulation. N

ote that, as show
n by sim

ulations, the 
degree of spreading of risk, i.e. the reduction of fluctuations in the total 
population by exchange of individuals, is 

not affected significantly by 
w

h
eth

er the exchange is density-dependent or density-independent. 
In the species A

m
ara 

/1111icollis 
(Fig. 

3.9) 
an

d
 Calath11s 

111elm
10cepha/us 

(Figs 3.10 an
d

 3.11) the resulting stability of the m
ultipartite population is 

m
u

ch
 sm

aller (15 an
d

 23%
 

reduction of LR, respectively), because the 
variation of n

et reproduction values w
ithin interaction groups over years 

is m
u

ch
 greater than the variation w

ithin years over interaction groups, 
so that the latter variation cannot com

pensate for the form
er. In particu­

lar, in C. 111e/anoceplzalus the different interaction groups fluctuate alm
ost 

in 
parallel 

an
d

 
have 

a 
coefficient 

of 
concordance 

(W
) 

of 
0.65 

(P
<

 <
 <0.001). For an

 explanation of these synchronous fluctuations in 
different interaction groups, rarely observed am

o
n

g
 carabid beetles, see 

V
an D

ijk an
d

 D
en B

oer (1992). 
In

 spite of the significant negative correlation betw
een m

ean density 
an

d
 num

bers of eggs in ovaries found by B
aars an

d
 V

an D
ijk (1984) in 



70 
D

ensity-indi:pendenf processes 

109
10 population size 

m
u

ltip
a

rtite
 population 

109
10 population size 

j 
different interaction groups 

N
 

2
.
0
j
~
-
-
-
-
-
~
~
·
·
 

1
.
0
-
-
-
-
-
-
-
-
-
~
~
 

1.01 ~----~=-!:~ 
~---------~ 

AG 
1.0 AT+BH

+BJ 
~2.0 

t 1.0 
-
-
-
-
-
-
-
-
-
-
"
'
-
-
-
-
-
-
-
-
-
-
-
-
~
 

BB 

z.o~ 
BG 

1,0 ......._ _
_

_
_

_
_

_
_

_
 _ 

CB 

1959 
'61 

'63 
'65 

'6 7 
1970 

'72 
'75 

'77 
1980 

'82 
'85 

Y
ear 

Fig. 3.7 A
s in Fig. 3.6, for the carabid beetle Pterostich11s Iepid11s at K

ralo H
eath, 

D
w

ingelder V
eld, the N

etherlands. A
reas of interaction groups are pictured in 

Fig. 3.5. 

tw
o interaction groups of C. 

111e/1m
ocepha/11s (A

G
 an

d
 [A

T
+ B

H
 +B

J], Fig. 
3.10), neither the separate fluctuation patterns of an

y
 of the interaction 

groups sam
pled, nor that of the m

ultipartite population, scored signifi­
cantly w

ith an
y

 of the tests for overall density dependence proposed in 

P. ]. den Boer 
· 
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Fig. 3.8 A
s in Fig 3.6, for the carabid beetle P

terosticlw
s diligc11s at K

ralo H
eath, 

D
w

ingelder V
eld, the N

etherlands. A
reas of interaction groups w

ill be about as 
pictured in Fig. 3.10. 

the literature in recent decades. A
s expounded by D

en B
oer (1986a), this 

lack of density dependence in 
the fluctuation 

patterns of this species 
m

u
st be caused by the variation in survival of larvae over years being 

m
an

y
 tim

es greater than the variation in size of egg production over 
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Fig. 3.9 A
s in Fig. 3.6 for the carabid beetle A

m
ara lunicollis at K

ralo H
eath, 

D
w

ingelder V
eld, the N

etherlands. A
reas of interaction groups are not exactly 

know
n for this species. 

years, so that the latter variation is alm
ost com

pletely o
v

erw
h

elm
ed

 b
y

 
the form

er. Just as expt'cted in P. versicolor (see above), the density-depen­
d

en
t eg

g
 p

ro
d

u
ctio

n
 in

 this species probably results from
 changes in the 

quality of food species. 
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Fig. 3.10 Som
e interaction groups of the carabid beetle C

a/at/Ills 111e/a11ocephalus at 
K

ralo H
eath, D

w
ingelder V

eld, the N
etherlands. E

ach interaction group occupies 
an area of about 2 ha, circles w

ith a radius of 80 m
 around a standard set of pitfalls. 

T
he im

p
o

rtan
ce of food quality is indicated b

y
 Fig. 3.12, w

h
ich

 sh
o

w
s 

th
at lo

w
 n

u
m

b
ers of eggs in the ovaries n

o
t o

n
ly

 coincide w
ith

 h
ig

h
 d

en
­

sities of adults, b
u

t also w
ith

 outbreaks of the h
eath

er beetle (Lochm
aea 

suturalis). T
hese outbreaks severely d

am
ag

e th
e h

eath
er an

d
 result in

 lo
w

 
quality food for o

th
er p

h
y

to
p

h
ag

es o
n

 the h
eath

er (D
en B

oer, 1986b). A
s 

su
ch

 p
h

y
to

p
h

ag
es (especially larvae) are im

p
o

rtan
t p

rey
 species for C. 

m
elanocephalus, the adults of this species necessarily co

n
su

m
e lo

w
 quality 

prey. In
 addition, the ab

u
n

d
an

t larvae of the h
eath

er beetle are of little 
value, 

because 
these 

are 
m

ore 
or 

less 
toxic 

to 
the 

ad
u

lts 
of 

C. 
m

e/a11oceplta/11s. A
lthough they do n

o
t prefer the larvae of the h

eath
er bee­

tle, adults can h
ard

ly
 avoid eating them

, because they actively craw
l in 

h
ig

h
 n

u
m

b
ers o

n
 the soil surface in search of u

n
d

am
ag

ed
 h

eath
er plants. 

C
o

n
su

m
p

tio
n

 of these larvae results in alm
ost com

plete cessation of egg 
p

ro
d

u
ctio

n
 an

d
 som

etim
es ev

en
 in

 p
rem

atu
re d

eath
 (section 5.5.4 of D

en
 

B
oer an

d
 R

eddingius, 1996). 
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Fig. 3.12 R
elationship b

etw
een

 the occurrence of pest densities of the h
eath

er beetle Lochm
aea s11t11m

lis (black dia­
m

o
n

d
s above the graph), densities (year-catches; black dots), an

d
 m

ean
 n

u
m

b
ers o

f eggs in ovaries in the carabid 
beetle C

a/athus 111ela11oceplwl11s (crosses) at K
ralo H

eath, D
w

ingelder veld, the N
etherlands. M

ean
 d

en
sity

 (year­
catch) is significantly correlated w

ith
 m

ean
 n

u
m

b
er of eggs in ovaries (r, =

-0.667, P
=

0.0076). M
odel II regression 

(B
artlett) eggs/fem

ale=
 13.2117-0.16297 density/m

2
• 
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T
he fact that a natural population is com

posed of subpopulations (inter­
action groups) w

ith differing frequencies of genotypes an
d

 age classes, liv­
ing u

n
d

er different conditions, suggests that the fluctuations of a natural 
population cannot be satisfactorily represented by large-num

ber m
odels, 

neither determ
inistic nor stochastic (pseudodeterm

inistic); see section 2.2.4 
of 

D
en 

B
oer 

an
d

 
R

eddingius 
(1996). 

T
hus, 

the 
argum

ent 
som

etim
es 

advanced in favour of the use of large-num
ber approxim

ations, that the 
variation of the sum

 of random
 variables is the sum

 of the variances of 
those variables plus tw

ice the sum
 of all covariances, does not apply to 

interaction groups of a m
ultipartite population, because the changes in 

num
bers in such groups are a m

ixture of additions an
d

 m
ultiplications 

(section 2.2.5 of D
en B

oer an
d

 R
eddingius, 1996). P

artly due to this, w
e pre­

fer to w
ork w

ith variances of net reproduction values, in the w
ay dem

on­
strated in T

ables 4.4 an
d

 4.6 of D
en B

oer an
d

 R
eddingius (1996). 

I realize very w
ell that m

y w
ork w

ith interaction groups w
as m

ore or 
less im

posed o
n

 m
e by the sam

pling technique (pitfalls) used. In m
any 

other anim
al species it w

ill n
o

t be easy to recognize the best units of pop­
ulation to study, i.e. interaction groups of individuals largely averaging 
the effects of sm

all local differences in conditions by their norm
al m

obili­
ty, such as occurs in carabid beetles. N

evertheless, w
ith sufficient know

l­
edge of the behaviour of the anim

als to be studied, it should be possible 
to 

find 
the 

right scale 
of population 

units 
for 

studies of population 
dynam

ics. In cases of doubt, such units of population are better too sm
all 

(e.g. patches) than too large. C
oncerning the latter, it m

ust be noted that 
m

an
y

 subpopulations of a m
etapopulation (H

anski, C
hapter 1 in this vol­

um
e) m

ay be m
ultipartite populations covering a n

u
m

b
er of interaction 

groups. 
C

onsidering the com
bined changes in num

bers of differently 
fluctuating interaction groups as 

the fluctuation pattern of such a sub­
population m

ay lead one either to overlook the m
ost im

portant stabiliz­
ing processes (spreading of risk), or to attribute this pattern w

rongly to 
other (e.g. 

density-dependent) processes. C
om

bining changes in num
­

bers of som
e alm

ost identical, or largely overlapping, interaction groups 
(as occurred in P. versicolor in Fig. 3.5) m

ay, in the w
orst case, result in too 

pessim
istic an im

pression of the stability of the m
ultipartite population. 

Since w
e w

ill not usually be able to stu
d

y
 all units of a natural population 

that can be distinguished, o
u

r im
pression of the stability of the m

ultipar­
tite population w

ill in any case be too pessim
istic. H

ence, in these discus­
sions w

e have tended to underestim
ate the effect of spreading of risk o

n
 

the stability of natural populations. 

3.6 SPR
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A
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It w
ill be evident that differences betw

een the fates of individuals of the 
sam

e group m
ay have a stabilizing effect o

n
 the changes in num

bers of 

P. J. den f?oer 
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such a group, because the risk is spread over individuals w
ith different 

chances of d
eath

 and/or reproduction. It is difficult, how
ever, to illustrate 

this effect in a natural interaction group, because w
e do n

o
t have long 

series of reliable data o
n

 changes in the frequencies of genotypes o
r age 

classes in insect populations, com
parable w

ith the statistics o
n

 w
hich 

insurance prem
ium

s are based. A
 first step in this direction w

as taken by 
D

en B
oer et al. (1993) by recording the changes in frequencies of tw

o phe­
notypes (w

ith a genetic basis) in interaction groups of the carabid beetle 
P

terosticlw
s oblo11gop1111ctat11s, but it appeared im

possible to show
 directly 

the stabilizing effect of these changes, because the tim
e series w

as too 
short to allow

 an
 analysis like that in T

ables 4.4 an
d

 4.6 of D
en B

oer an
d

 
R

eddingius (1996). 
F

rom
 V

an D
ijk (1979, 1982) w

e know
 that egg production of fem

ales of 
P. versicolor, an

d
 other carabid species, differs w

ith age (see also section 
2.3.9 of D

en B
oer an

d
 R

eddingius, 1996), older beetles laying significantly 
m

ore eggs o
n

 average than young beetles. T
herefore, changes in age 

com
position over years m

~
y
 affect the num

bers of eggs laid, although it 
w

ill n
o

t be easy to show
 such effects u

n
d

er field conditions. E
ven the fact 

that som
e of the first-year beetles survive the w

inter an
d

 reproduce again 
in the next year (iteroparity) m

ust have a stabilizing effect on adult num
­

bers. W
e can dem

onstrate this effect in tw
o carabid species, in w

hich old 
beetles w

ere distinguished from
 young beetles (see B

aars an
d

 V
an D

ijk, 
1984), by sim

ulating the situation in w
hich no old beetles survived the 

first year's reproduction, i.e. are sem
elparous. O

f course, the production 
of y

o
u

n
g

 beetles w
ill be low

er if the contribution of old beetles is neglect­
ed, so w

e had to com
pensate for these losses, as described in section 4.4.2 

of D
en B

oer an
d

 R
eddingius (1996), in order to keep sim

ulated num
bers 

com
parable to 

those observed in 
the field. T

he results of these sim
ula­

tions are sh
o

w
n

 in Fig. 3.13: both LR an
d

 V
arlnR

 in the one age-class sim
­

ulation are about tw
ice those of the values estim

ated in the field series 
(see T

able 4.2 of D
en B

oer an
d

 R
eddingius, 1996). 

A
s natural populations usually show

 high genetic variability an
d

 nat­
ural environm

ents are heterogeneous in m
an

y
 respects, the stabilizing 

effects of spreading the risk over individuals can hardly be overestim
at­

ed, despite the fact that these effects are less easy to dem
onstrate than 

those sh
o

w
n

 by insurers for h
u

m
an

 populations. T
his kind of risk spread­

ing m
u

st be very general, an
d

 together w
ith the effects of spreading of 

risk in space, it could w
ell have given m

an
y

 entom
ologists the im

pression 
that natural insect populations m

ust be regulated. It should be noted that 
u

n
d

er 
certain 

conditions, 
iteroparity 

m
ay 

result 
in 

statistical 
density 

dependence because of the transfer of quantitative effects from
 one gen­

eration to 
follow

ing ones. T
herefore, D

en B
oer an

d
 R

eddingius (1989) 
restricted 

tests 
to 

tim
e series of species 

that are both univoltine an
d

 
sem

elparous. I h
o

p
e I have show

n that, even w
ithout the assum

ption of a 
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Fig. 3.13 D
ensity fluctuations (year-catches) in field populations (interaction 

g
ro

u
p

' grassy field', [A
T, B

H
, B

J], see Figs 3.5 an
d

 3.10) of tw
o ca rabid beetles in 

w
hich m

ore than one year-class participates in reproduction (black dots), ,1s com
­

pared w
ith the fluctuations if only a single year-class h

ad
 reproduced in such a 

w
ay that m

ean n
et reproduction stayed the sam

e (open squares). (a) C11/11tl111s 
111e/1111occph11/11s (Figs 3.10 an

d
 3.11); (b) Pterostic/111s vcrsicolor (Figs 3.5 an

d
 3.6). 

D
ata from

 A
ppendix of B

aars an
d

 V
an D

ijk (1984). 

general occurrence of regulation, stability of insect populations is 
not 

inexplicable (N
icholson, 1933). 

A
part 

from
 

spreading 
the 

risk 
over 

individuals, 
the 

risk 
of 

large 
changes in num

bers m
ay also be spread in other w

ays. For instance, a 
polyphagous predator spreads risk over different prey species, so reduc­
ing the chance of food shortage. T

he price for this is, of course, that a 
polyphagous predator cannot be expected to develop a highly special­
ized h

u
n

tin
g

 behaviour. 
S

om
ething sim

ilar w
ill 

apply 
to 

generalized 
feeders at all trophic levels. 
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N
ow

 w
e have seen that, apart from

 the rem
ote possibility of strict regula­

tion of num
bers, other situations an

d
 processes m

ay contribute to a certain 
degree of stability in num

bers over tim
e, w

e should ask ourselves "H
ow

 
stable are insect num

bers in general?". A
s I have intensively studied m

ainly 
carabid populations, I can answ

er this question only for a num
ber of cara­

bid species in D
renthe. H

ow
ever, there are no reasons w

h
y

 carabid beetles 
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should be so 
special as 

not to 
be representative of m

any other insect 
groups. T

herefore, I believe m
y findings for carabid beetles m

ay apply to 
insect species in general an

d
 possibly also to m

any other anim
al species. 

In the course of 30 years, I have been able to follow
 the fluctuations in 

num
bers 

for 
interaction groups of 64 

of 
the 

m
ore 

ab
u

n
d

an
t carabid 

species in the province of D
renthe (D

en B
oer, 1985, 1990b). F

irst of all, I 
established that the coefficients of net reproduction, estim

ated from
 dif­

ferent interaction groups of the sam
e species, cover the sam

e ranges of 
values (M

ann-W
hitney test), so that these values could be p

u
t together 

as a frequency distribution specific for 
the species. For none of the 64 

species did the frequency distribution of net reproduction values differ 
significantly 

(x
2 

test) 
from

 
the 

fitted 
log-norm

al 
(see 

R
eddingius's 

A
ppendix to D

en B
oer, 1985). T

herefore, the pattern of fluctuation of each 
of these species could be characterized by m

ean lnR
 an

d
 SD

 lnR
 of the fit­

ted log-norm
al (exam

ples given by D
en B

oer, 1990b). T
hese data enabled 

m
e to sim

ulate ran
d

o
m

 w
alks of densities of the sam

e lengths as those 
observed in the field 

for each of the 64 species, an
d

 com
pare the LR

 
found in the field 

w
ith the m

ean LR
 value of 500 

sim
ulated ran

d
o

m
 

w
alks of density of the sam

e num
ber of years, for each interaction group 

of that species. 
In 38 of these species, the LR

 values of interaction groups, observed in 
the field during 8 years or longer, did not differ from

 the values expected 
w

h
en

 the num
bers had fluctuated from

 year to year, as in random
 w

alks 
of densities (exam

ples given by D
en B

oer, 1990b). In 22 other species, the 
num

bers fluctuated significantly betw
een even w

ider lim
its than expect­

ed
 w

ith ran
d

o
m

 w
alks of densities, an

d
 in only four species w

ere the 
fluctuations in num

bers in the field sm
aller than those in relevant ran­

d
o

m
 w

alks of densities, a result that could alm
ost have been expected by 

chance (P
=

0.06). 
F

rom
 these data, I concluded that the extent of fluctuations of density 

in interaction groups of carabid species either are sim
ilar to, or greater 

than, those of ran
d

o
m

 w
alks of densities of the species concerned. I con­

clude from
 this that interaction groups of carabid beetles, an

d
 m

ost prob­
ably of other insect species, are n

o
t kept w

ithin lim
its (stabilized) by 

density-dependent (regulating) processes, b
u

t largely fluctuate u
n

d
er the 

influence of density-independent forces. A
s stated earlier, this does n

o
t 

m
ean

 that density-dependent processes, such as density-dependent egg 
production (B

aars an
d

 V
an D

ijk, 1984), do n
o

t occur. I m
erely believe such 

processes usually do not contribute significantly to keeping density w
ith­

in lim
its (V

arley et al., 1973), i.e. they are taken u
p

 in the general fluctua­
tion pattern that is dom

inated by density-independent processes. 
If density-independent processes dom

inate, it w
ould be expected that 

increases in the range of densities in tim
e (IR

) in ran
d

o
m

 w
alks an

d
 in 

tim
e series of densities from

 field populations w
ould be sim

ilar. If one 
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com
pares the LR

 value of the first 5 years of observation w
ith

 that after 18 
years (i.e. IR

=
 (LR

18 -L
R

5 )/LR
5 ), the increase of IR

 in tim
e, for 13 random

 
w

alks of densities, appears to vary betw
een 0.34 an

d
 2.446 (D

en B
oer, 

1991). T
his variation is sm

aller, b
u

t n
o

t significantly so (M
ann-W

hitney, 
P

=
0.082), th

an
 for interaction groups of carabid beetles observed in the 

field (D
en B

oer, 1991). F
or a n

u
m

b
er of other tim

e series from
 the litera­

ture, including other kinds of insects, an
d

 populations claim
ed to be reg­

ulated such as w
inter m

oth, pine looper, great tit, m
uskrat, bobw

hite 
quail, etc. (D

en B
oer, 1991), IR

 increased in tim
e at a rate sim

ilar to that in
 

ran
d

o
m

 w
alks (M

ann-W
hitney, P

=
0.58). T

he low
est IR

 value found so 
far w

as in
 the great tit population studied b

y
 K

luyver (1951): a value of 
0.03, a population that m

ight be considered regulated in a broad sense, 
i.e. each year sufficient y

o
u

n
g

 reproducing birds are p
ro

d
u

ced
 (in nest 

boxes) to com
pensate for the losses in the current generation, an

d
 density 

is efficiently reduced b
y

 territorial behaviour. 
. 

In
 sum

m
ary, I conclude that regulation of num

bers in
 the sense of 

keeping density w
ithin lim

its (V
arley et al., 1973), if it exists, m

ust be an 
exceptional 

phenom
enon, 

particularly 
for 

insect 
populations 

w
hich, 

being poikilotherm
ic, are alw

ays strongly affected b
y

 density-indepen­
d

en
t forces (U

varov, 1931). O
n

 the other hand, there are m
an

y
 generally 

occurring p
h

en
o

m
en

a that can be considered aspects of heterogeneity in
 

b
o

th
 population an

d
 environm

ent, w
hich m

ight result in a sm
aller or 

greater stabilization of num
bers over tim

e, b
u

t these stabilizing forces are 
n

o
t connected in any w

ay w
ith an

 equilibrium
 density. F

urther argu­
m

ents an
d

 data are given by D
en B

oer an
d

 R
eddingius (1996). 
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