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Summary

1.

 

Population growth rates of bank vole populations in northern Finland were studied
using long-term Capture–Mark–Recapture (CMR) data from two large grids (food-
addition and control), in 1982–94.

 

2.

 

A marked seasonal structure was found for direct density dependence, with a
stronger density dependence in summer than in other seasons. There was no detectable
evidence of  delayed density dependence, consistent with the disappearance of  large
periodic multi-annual fluctuations.

 

3.

 

Food-addition resulted in higher densities whereas the effect on the seasonal density-
dependent structure was negligible.

 

4.

 

Stability analysis of the deduced population dynamics model suggests that the
dynamics were not affected by food addition. Variation in food resources is therefore
unlikely to be a direct cause for multi-annual fluctuations in the studied system. Future
studies should aim at linking the seasonal structure in the variation of vital rates to the
seasonal structure in population dynamics.
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Introduction

 

Ever since the pioneering work of Elton (1924, 1942),
much work has been carried out on fluctuating small
rodents of northern regions (e.g. Stenseth, Saitoh &
Yoccoz 1998b). The causes of the density fluctuations
have been much debated in the ecological literature.
Even though no agreement has been reached as to the
underlying causes of the observed fluctuations, it seems
likely that trophic interactions (food and/or predation)
may play a role in the generation of the observed multi-
annual temporal dynamics.

The importance of food has been much discussed in
connection with fluctuating small rodents (e.g. Batzli
1983, 1985; 1992). However, the demographic and
population dynamics effects of food remain unclear.

The results available from food-addition experiments
using microtines are fairly ambiguous, and most studies
report only short-term (up to 3 years) effects (see, e.g.
Boutin 1990). Food addition resulted in most cases in
increased densities, but demographic and population
dynamic changes differ between studies (e.g. Ford &
Pitelka 1984; Prévot-Julliard 

 

et al

 

. 1999).
The effect of food on the density-dependent struc-

ture (

 

sensu

 

 Royama 1992) of the population growth
rate is not known for any small rodent. For example,
Hodges, Krebs & Sinclair (1999) described effects of a
long-term food-addition experiment on snowshoe hare
population dynamics and demography (see also Krebs

 

et al

 

. 1995) and concluded that food alone had no effect
on demography and the rate of population increase.
However, they did not consider relationships between
the rate of increase and density, i.e. the level of density
dependence. Two scenarios may be assumed: either
food addition has no effect, i.e. there is no interaction
between food and density on the annual net growth
rate, or there is an interaction between the food and
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the density resulting in, at least for some range of
density variation, a change in the density-dependence
structure.

Most analyses of density dependence have been
based on yearly census data, and thus ignore the finer
seasonal structure (e.g. Stenseth, Bjørnstad & Falck
1996; but see Hörnfeldt 1994; Hansen, Stenseth &
Henttonen 1999), or assumed the density-dependent
structure to be independent of  season (Turchin &
Ostfeld 1997). Analyses of time-series of abundance of
grey-sided voles (

 

Clethrionomys rufocanus

 

 Sundevall,
1846) at Kilpisjärvi, northern Finland (Hansen 

 

et al

 

.
1999) and on Hokkaido, Japan (Stenseth, Bjørnstad &
Saitoh 1998a) showed that the role of both the length of
the breeding season and of the season-specific strength
of density dependence need to be understood in order
to understand better the multi-annual population fluc-
tuations in small mammals (see also Åström, Lundberg
& Lundberg 1996; Batzli 1999).

Here we report on the analysis of the density-
dependent structure in a long-term experimental study
on the bank vole (

 

C. glareolus

 

 Schreber, 1780) at
Pallasjärvi, northern Finland (Henttonen 

 

et al

 

. 1987;
Prévot-Julliard 

 

et al

 

. 1999; Henttonen, 2000). We con-
clude that addition of food has a negligible effect on
population dynamics.

 

Materials and methods

 

    

 

The Capture–Mark–Recapture (CMR) study was car-
ried out in an old taiga forest at Pallasjärvi, Finnish
Lapland (68

 

°

 

30

 

′

 

N, 24

 

°

 

09

 

′

 

E). For a detailed descrip-
tion of the study site, see Henttonen 

 

et al

 

. (1987) and
Prévot-Julliard 

 

et al

 

. (1999). For a comprehensive dis-
cussion on rodent dynamics and community in Finnish
Lapland, see Henttonen & Hanski (2000). Two grids
(one control grid and one experimental grid) were stud-
ied from 1982 to 1994. The ‘control grid’ (4·5 ha) and
the ‘experimental grid’ (2·7 ha; also called the ‘food
grid’) were located in the same habitat type. The grids
were separated by 200 m; very few individuals moved
between the two grids (from the total of 2164 females,
40 (i.e. 2%) were observed on both grids). These grids
were larger and the time-scale of the manipulation
longer than is common in such studies on small mam-
mals. This precluded any replication of the treatment.
Small grid size may significantly constrain the numbers
of animals included in an experiment: most commonly
only around 50–100 individuals are involved (Boutin
1990). For small grids the effects of immigration and
emigration may be rather profound.

In our experiment, voles were caught using live-traps
(the multiple-capture Ugglan type). Both trapping
grids consist of trapping-points located with 10 m
spacing. During the snow-free periods (from late May
to early October), a primary trapping session included
16 secondary trapping sessions (trap checks at 6 h

interval for 4 days; see Pollock 

 

et al

 

. (1990) for the
distinction between primary and secondary sessions).
Traps were, at any given point in time, placed at 20 m
intervals (i.e. using only every second trapping point)
and were moved every 24 h. During the snowy per-
iods, permanent trap chimneys were located at 20 m
intervals; winter primary trapping sessions consisted
of 16 –20 secondary checks, usually 4 per day at 2–3 h
intervals between morning and evening.

Starting in early summer 1982 (after the first trapping
session), oat seeds were added at each trapping point
on the experimental grid. This was continued until late
autumn 1986. Food was added after each trapping
period, including winter. Food was not added between
late autumn 1986 and spring 1988; trapping continued,
however, as on the control grid. From early summer 1988
(after the first trapping session in a snow-free period) to
late autumn 1992, both oat seeds and mouse pellets
were added on the food grid. During this period, food
was added regularly so as to maintain it 

 

ad libitum

 

.
From 1993 to 1994, additional food was not provided
on the experimental grid; however, trapping continued
during the summer according to the standard schedule
on both grids until late autumn 1994. See Prévot-Julliard

 

et al

 

. (1999) for further details (see also Fig. 2, below).

 

Data analysis

 

  

 

The number of individuals present on a particular grid
during a given primary trapping session was estim-
ated using trap checking within that session (i.e. with
the secondary sessions; Pollock 

 

et al

 

. 1990). We used
the software 

 



 

 (Rexstad & Burnham 1991) to
choose and implement the different models available
for closed populations. The estimated densities 

 

N

 

t

 

 are
given by the number of individuals per hectare (estim-
ated numbers divided by grid area). The few individ-
uals dying during a capture session (on average 0·6% of
the estimated population size) were not included in the
estimation procedure but were added to the estimated
number of animals present.

The comparison between the two grids could be biased
due to different proportions of animals caught on the
edges of the grids as a function of grid size or population
densities (‘edge effect’; Tanaka 1980). Even though the
experimental and control grids were of different size,
the edge effect is likely to be negligible in both cases,
since the grids were located between a road and a lake
(see Prévot-Julliard 

 

et al

 

. 1999; Fig. 1 in that paper).

 

    
 

 

The estimated population growth rate is given by 

 

®

 

t

 

 =
log(

 

N

 

t

 

+1

 

/

 

N

 

t

 

). We modelled by considering 

 

®

 

t

 

 to be a
function of current density 

 

Ù

 

t

 

  = log(

 

N

 

t

 

), past densities

 

Ù

 

t

 

–9 months

 

 and 

 

Ù

 

t

 

–12 months

 

 (previous modelling studies
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(Stenseth 1999) having emphasized density dependence
with 9 months to 1 year’s delay), presence or absence of
food, season, year and grid (as food was not added per-
manently on the experimental grid, there may be some
difference between grids not related to the food addi-
tion). Interactions between these terms were also con-
sidered. Densities for 9 months or 1 year earlier were
usually not known; hence, we interpolated estimates
of population densities using a non-parametric spline
function. As densities were estimated with varying
precision, weights equal to the inverse of the sampling
variance of the estimates were used. The number of
degrees of freedom was chosen based on generalized
cross validation (Venables & Ripley 1999; 

 

S-plus

 

 func-
tion 

 

smooth.spline

 

). Seasons were defined on the basis
of snow cover (fully developed during January to March)
and breeding periods (Henttonen 

 

et al

 

. 1987; Prévot-
Julliard 

 

et al

 

. 1999): Winter (January–March), Spring
(April and May when bank voles mature under snow),
Summer (June–September) and Autumn (October–
December, during which the snow cover is developing).

The time interval between successive primary trap-
ping sessions varied. We therefore considered the fol-
lowing model (considering direct density dependence
only; see Royama 1992):

 

N

 

d

 

+1

 

 = 

 

N

 

d

 

 exp[

 

τ

 

0

 

 + 

 

τ

 

1

 

 Log(

 

N

 

d

 

) ] eqn 1

where 

 

d

 

 denotes time in days. On a logarithmic scale
this gives:

 

X

 

d

 

+1

 

 = 

 

τ

 

0

 

 + (1 + 

 

τ

 

1

 

)

 

X

 

d

 

. eqn 2

Given a time interval of 

 

δ

 

 days, the relationship
between 

 

X

 

d

 

+

 

δ

 

 and 

 

X

 

d

 

 is given by:

 

X

 

d

 

+

 

δ

 

 = 

 

τ

 

0

 

(1 + (1 + 

 

τ

 

1

 

) + ... + (1 + 

 

τ

 

1

 

)

 

δ

 

–1

 

) + (1 + 

 

τ

 

1

 

)

 

δ

 

X

 

d

 

.
eqn 3

Assuming 

 

τ

 

1

 

 to be small (

 

τ

 

1

 

 measures density depend-
ence on a daily basis), gives:

(1 + (1 + 

 

τ

 

1

 

) + ... + (1 + 

 

τ

 

1

 

)

 

δ

 

–1

 

) 

 

=

 

 (1 

 

−

 

 (1 + 

 

τ

 

1

 

)

 

δ

 

)/(1 – (1 + 

 

τ

 

1

 

) )

 

 ≈

 

 (1 

 

− 

 

(1 + 

 

δτ

 

1

 

) )/(

 

−τ

 

1

 

) ) 

 

=

 

 

 

−δ

 

eqn 4

Therefore:

 

X

 

d

 

+

 

δ

 

 

 

≈

 

 

 

τ

 

0

 

(–

 

δ

 

) + (1 + 

 

δτ

 

1

 

)

 

X

 

d

 

.

The growth rate (on a log scale) is equal to:

 

X

 

d

 

+

 

δ

 

 – 

 

X

 

d

 

 

 

=

 

 

 

−δτ

 

0

 

 + 

 

τ

 

1

 

δ

 

X

 

d

 

. eqn 5

Hence, we used a statistical model with the number of
days (

 

δ

 

) and the product 

 

δ

 

 

 

×

 

 density (

 

X

 

d

 

) as predictor
variables. Periods covering more than one season were
modelled by using the number of days specific to each
season as predictors. Since time intervals between pri-
mary trapping sessions might cover more than one sea-
son, it was in fact not possible simply to consider the
daily growth rate obtained by dividing 

 

X

 

d

 

+

 

δ

 

 – 

 

X

 

d

 

 by 

 

δ

 

.
An effect of food on the density-dependent structure
would then translate into an interaction between food
and the product density 

 

× 

 

days (i.e. different values
of 

 

τ

 

1

 

 for the control and food addition experiment;
Fig. 1b). Food addition may also result in a change of
the season-specific growth rate, 

 

τ

 

0

 

; this would result
in a season-specific value for the product 

 

δτ

 

0

 

, and this
was therefore assessed by investigating interactions
between season and days (Fig. 1a).

Regressing the population growth rate, 

 

®

 

t

 

, on log (

 

N

 

t

 

)
poses two further problems: (i) the error made in esti-
mating 

 

N

 

t

 

 results in biased estimates for the regression
coefficients (‘measurement error’ bias; Solow 1998),
and (ii) autocorrelation between successive 

 

r

 

t

 

 results in
biased standard errors for the regression coefficients.
First, most of the variation in estimated population
size was due to true variability as opposed to sampl-
ing variability (see Results and Fig. 2, below), and
the measurement error bias might therefore properly
be neglected. Secondly, we used secondary sessions to
estimate population size; hence, 

 

N

 

t

 

 and 

 

N

 

t

 

+1

 

 are inde-
pendently estimated. The sampling correlation between

 

®

 

t

 

 and 

 

®

 

t

 

+1

 

 is, however, different from zero since 

 

N

 

t

 

 is

0

(a)

(b)

0

Food addition

Po
pu

la
tio

n 
G

ro
w

th
 R

at
e

Food addition

Density*Days

τ1
τ1′

Fig. 1. The effect of food addition on the density-dependent
structure. Food addition may result in higher density (and
therefore a higher intercept), but otherwise identical relationship
between population growth rate and density (a). A difference
in slope – an interaction between food addition and density –
indicates a change in the density-dependent structure (b).
Such changes depend on the scale used for measuring popu-
lation changes and density (i.e. the x-axis scale).
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used for estimating both rates. Population-dynamic
processes may also result in autocorrelated values for
rt and rt+1; we therefore explored the autocorrelation
structure of the residuals. Models including autocorre-
lation between residuals were used to check consistency
of estimates and their standard errors.

Model selection was based on the Akaike Informa-
tion Criterion (Akaike 1973; Burnham & Anderson
1998). For linear models, the variable part of the AIC
may be approximated by Mallows’s Cp (Venables &
Ripley 1999), defined as Cp = RSS/s 2 + 2p – n, where
RSS is the residual sum of squares of the model, s 2 is the
estimated residual variance based on a complex model
fitting the data well (we used a model including all
interactions between food, density and days in addition
to main effects), p is the number of parameters of the
model, and n is the number of observations. The line-
arity of statistical relationships was assessed using gen-
eralized additive models and partial residuals (Hastie
& Tibshirani 1990). All analyses were done by using
S-plus (Venables & Ripley 1999).

    
    

The yearly dynamics (ignoring stochasticity) may be
derived from the seasonal density-dependent parameters.
The density at the end of the summer (what is usual
referred to as ‘fall density’) in year y + 1 is given by:

XSu,y+1 = δSuτ0,Su + (1 + δSuτ1,Su)XSp,y+1, eqn 6

where δSu is the number of summer days. Other seasonal

dynamics can be derived similarly. Then, the yearly
dynamics may on a log scale be written as a first-order
autoregressive model:

XSu,y+1 = β0 + β1XSu,y, eqn 7

with β0 = δSuτ0,Su + δSpτ0,Sp(1 + δSuτ1,Su) + δWiτ0,Wi

(1 + δSuτ1,Su)(1 + δSpτ1,Sp) + δFaτ0,Fa(1 + δSuτ1,Su)
(1 + δSpτ1,Sp)(1 + δFaτ1,Fa) eqn 7a

β1 = (1 + δSuτ1,Su)(1 + δSpτ1,Sp)(1 + δWiτ1,Wi)(1 + δFaτ1,Fa).
eqn 7b

The stability of the annual population dynamics model
is then determined by the product of the seasonal den-
sity dependencies (1 + δSuτ1,Su)(1 + δSpτ1,Sp)(1 + δWiτ1,Wi)
(1 + δFaτ1,Fa): if  |β1| < 1, the system is stable. We used
non-parametric bootstrapping to calculate standard
error of β1.

Results

The population size estimates are given in Fig. 2. The
variation in population size (for the two grids considered
together) attributed to sampling variation was estimated
to be 1·45% (2·49% on a logarithmic scale). This very
low sampling variability is due to the large number of
secondary trapping sessions used to estimate population
size. In the following we therefore neglected sampling
error. A spline with 42 and 44 d.f. was used to inter-
polate densities for the control and experimental grid,
respectively. The seasonal dynamics appear clearly for
both grids, but the multi-annual dynamics do not show
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Fig. 2. Population density estimates (± 1 SE) for the two grids (Control = circles and plain line; Food addition grid = triangles
and stippled line). The periods of food addition are shown by the two arrows.
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any large amplitude and regular fluctuations. Densities
are consistently higher on the food grid during the per-
iods of food addition (Prévot-Julliard et al. 1999).

The residuals from the selected models have negligible
autocorrelations (i.e. the three first autocorrelations
are all below 0·06). It was therefore unnecessary to
consider models with a more complicated correlation
structure. We nevertheless checked whether similar
estimates resulted from models including autoregres-
sive terms for the residuals – which was the case.

Models with the lowest AIC values are given in Table 1,
they all explained about 55% of the variance in growth
rates. The residual variance used for the AIC calculation
was estimated to be 0·41. The best model included den-
sity dependence in population growth rate for all sea-
sons, and no interaction between food and densities or
seasons. Parameter estimates for the model that included
density dependence in all seasons as well as an interac-
tion between density and food are given in Table 2.

The year effects indicated a period of higher growth
rates in 1986–93 compared to 1984–85 and 1994
(Table 2). Interestingly, the growth rates were highest in
1986–87 and 1992, and lowest in 1984–85, 1989 and
1994, pointing to a (‘residual’) cyclic pattern with a 5-
years periodicity. However, the multi-annual variation
in density observed during the period studied here is
much smaller than was observed previously (Hentto-
nen et al. 1987; Henttonen 2000).

There was no evidence for delayed density dependence
(coefficient estimates for Ùt–9 months: –0·0005, SE = 0·0014
and Ùt–12 months: 0·0022, SE = 0·0012). Estimates for
interaction with food were small and not significant, nor
is there any difference between the two grids (0·0041,
SE = 0·0027). Direct density-dependent effects are clearly
strongest in the summer, followed by autumn, winter and
spring (Table 2 and Fig. 3). These density-dependent
effects were essentially linear (Fig. 3). The main effect
for food reflects the higher overall density resulting from
food addition. There was little support for an effect of
food on the density-dependent structure, and the food
effect on density dependence (–0·0002, SE = 0·0017)
is small compared to the density-dependent effect in
the absence of  food (0·0109). The estimated negative
effect is also opposite to the expected weaker density
dependence in the presence of  food. This effect on
density-dependent structure may in fact be explained
by an effect on the season-specific growth rates (the two
models were equivalent in terms of AIC; Table 1). The
estimates from the latter model indicate a relatively
lower growth rate in the summer when food was added
(interaction between summer and food: –0·0024, SE =
0·0055). We may therefore conclude that food addition
had a biologically negligible effect on the density-
dependent structure in this population (i.e. Figure 1a).

The population dynamics of the population are
determined by the regression coefficients defining
the direct density dependencies during the different
seasons (see eqn 7b). The derived annual density-
dependence β1 was found to be equal to –0·085 (95%
C.I. based on 2000 bootstrap replicates: [–0·33, 0·05] ).
This corresponds to dampened oscillations. (The lack
of delayed density dependence supports the conclusion
that the density-dependent structure has corresponded
since the mid 1980s to a non-cyclic population – a con-
clusion that is supported by long-term monitoring;
cf. Henttonen 2000; Henttonen & Hanski 2000.)

Table 1. AIC values for the five best models. The three models with the lowest AIC values are statistically indistinguishable based
on the data. All models were constrained to include the following variables: year × days, food × days and number of days in the
different seasons (Wi = Winter, Sp = Spring, Su = Summer, Au = Autumn)

Model Number of params AIC

DensWi + DensSp + DensSu + DensAu 22 21·60
DensSp + DensSu + DensAu 21 22·60
DensSu + DensAu 20 23·37
DensWi + DensSp + DensSu + DensAu + DensSu*Food 23 23·55
DensWi + DensSp + DensSu + DensAu + Su*Food 23 23·60

Table 2. The estimated parameter values and their standard
errors for the best statistical model including an effect of food
on the density-dependent structure. For effects of Year and
Food, the parameters are contrasts between the given level
and the reference level (Year: 1983; Food: no addition)

Parameter Estimate St. Error

Intercept –0·0673 0·1200
Year 84 0·0005 0·0032
Year 85 0·0028 0·0031
Year 86 0·0120 0·0038
Year 87 0·0108 0·0038
Year 88 0·0065 0·0036
Year 89 0·0043 0·0033
Year 90 0·0075 0·0034
Year 91 0·0070 0·0033
Year 92 0·0124 0·0043
Year 93 0·0094 0·0033
Year 94 –0·0002 0·0061

Food (addition) 0·0062 0·0031
Winter days 0·0249 0·0231
Spring days 0·0259 0·0230
Summer days 0·0571 0·0241
Autumn days 0·0226 0·0241
Winter days × Xt –0·0034 0·0020
Spring days × Xt –0·0038 0·0025
Summer days × Xt –0·0109 0·0022
Autumn days × Xt –0·0050 0·0024
Summer days × Xt × Food –0·0002 0·0017
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Discussion

We have shown that the density dependence, as
measured by the regression coefficients of population
growth rate on log(density) × number of days, remains
essentially the same for the control and food-addition
treatment. This is the first time that this population-
level conclusion has been demonstrated for a small
rodent population based on a large-scale and long-
term manipulative study. Most previous studies have
focused on short-term effects on density or on demo-
graphic rates, ignoring the relationships between these
parameters and density and the long-term effects (see
Boutin 1990 for a discussion). We have also deduced a
more accurate density-dependence structure than is
typically done, and in particular demonstrated a strong
seasonal structure in the density dependencies. The
precision of the estimates was sufficiently high to allow
a detailed assessment of the strength of the effects.

Density-dependence effects were found to be the
strongest during the summer. Functional response of
predators (Henttonen et al. 1987) or maturation rates
of female bank voles are the most likely mechanisms
explaining such a strong density dependence. As sur-
vival rates in the summer do not seem to be dependent
on density (Prévot-Julliard et al. 1999; unpubl. data),
we suggest that maturation is the main mechanism
affecting population growth in the summer. We have
previously shown that the maturation rate of females is
negatively correlated to density, and that this correlation
was weakest when food was added (Prévot-Julliard et al.
1999). The latter interaction between food and density

does not, however, seem to translate into an effect on
population growth rate. In fact, it is not known (based
on empirical studies) how different density-dependent
structures for demographic rates translate to the
population-dynamics level, and further work based on
empirical estimates is needed (see Åström et al. 1996;
Yoccoz & Stenseth 2000 for a theoretical consideration).
Winter population rate of change is mostly determined
by survival, as bank voles in the north do not reproduce
during the winter. Food addition resulted in an earlier
onset of breeding and a few isolated cases of winter
breeding (Prévot-Julliard et al. 1999), but this is not
likely to affect population rates of change in the winter.
The weak and non-significant density-dependent effect
in the winter growth rate suggests that competition for
resources during that season is unlikely to be an import-
ant mechanism determining the population-dynamic
pattern, or that it could be counterbalanced by other
factors such as reduced energy expenditure through
shared winter nests. Density-dependent effects in the
spring are most likely due to emerging female territo-
rial behaviour at maturation and competition for space
(Bujalska 1985), and were also weak. Food addition
resulted in higher breeding densities and smaller terri-
tories in summer (H. Henttonen, unpublished), but
besides this change in the spatial structure of the pop-
ulation, no further effect of density was found. The
social system of the bank vole is therefore not affected
by food addition. The stronger density-dependent effect
in the autumn (after the end of the breeding season) is
probably related to the density dependence in survival
during that season (Prévot-Julliard et al., unpublished).

Fig. 3. Relationship between density (expressed as the product of log(density) times the number of days: δXt of  equation 5; see
text for explanations) and population growth rate after other effects have been taken into account statistically (partial residual
plots) for winter, spring, summer and autumn (d, food addition; s, control). The full lines represent the season-specific
parametric fit for each plot.
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The deduced density-dependent structure corres-
ponds to seasonal fluctuations only, a result which is
consistent with the absence of regular multiannual fluc-
tuations subsequent to 1985 (Henttonen & Hanski
2000; Henttonen 2000). There was some indication of a
residual multi-annual 4–5 years cycle, but the pattern
was obviously too weak to be picked up by a statistical
delayed density effect. Moreover, the seasonal density-
dependent structure of the non-cyclic population stud-
ied was opposite to what Hansen et al. (1999) found for
the cyclic grey-sided vole at Kilpisjärvi (see also
Hörnfeldt 1994): Hansen et al. (1999) found weaker
density dependence in the summer (note, however, that
winter in Hansen et al. (1999) is equivalent to autumn,
winter and spring combined in the present study). We
may therefore ask whether the differences in the multi-
annual patterns may be associated with a different sea-
sonal structure, and therefore a change in the relative
importance of mechanisms through seasons.

Altogether we may conclude that the population
of  bank vole studied shows a clear seasonal variation
in the strength of density dependence, and that food
addition has an effect on population densities but not
on the seasonal density-dependent structure. Hence, the
effects of food addition on the population dynamical
patterns may be concluded to be negligible. The gen-
erality of this result should, however, be assessed for
cyclic populations and other ecosystems.
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