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Abstract In the attempt to use results from small-scale
studies to make large-scale predictions, it is critical that
we take into account the greater spatial heterogeneity
encountered at larger spatial scales. An important
component of this heterogeneity is variation in plant
quality, which can have a profound influence on herbi-
vore population dynamics. This influence is particularly
relevant when we consider that the strength of density
dependence can vary among host plants and that the
strength of density dependence determines the difference
between exponential and density- dependent growth.
Here, we present some simple models and analyses de-
signed to examine the impact of variable plant quality
on the dynamics of insect herbivore populations, and
specifically the consequences of variation in the strength
of density dependence among host plants. We show that
average values of herbivore population growth param-
eters, calculated from plants that vary in quality, do not
predict overall population growth. Furthermore, we
illustrate that the quality of a few individual plants
within a larger plant population can dominate herbivore
population growth. Our results demonstrate that
ignoring spatial heterogeneity that exists in herbivore
population growth on plants that differ in quality can
lead to a misunderstanding of the mechanisms that
underlie population dynamics.

Keywords Density dependence Æ Plant–insect
interactions Æ Plant quality Æ Population dynamics Æ
Spatial scale

Introduction

Ecologists are often interested in answering large-scale
questions while conducting experiments at small scales.
The general approach is to assume that results of small-
scale studies can be used to make larger scale predic-
tions. However, as we make predictions about processes
on larger spatial scales, we are incorporating greater
spatial heterogeneity. Inherent in this heterogeneity is
variation in plant quality both within and among plant
species (Hunter et al. 1996).

Variation in plant quality can have a profound
influence on herbivore populations through changes in
fecundity, survival, movement, mortality due to natural
enemies, and rates of competition (Price et al. 1980;
Denno and McClure 1983; Denno et al. 1995; Abra-
hamson and Weis 1997; Lill et al. 2002). We should also
expect that the strength of density dependence, and
herbivore population dynamics, will vary with host plant
quality (Hunter et al. 2000; Hunter 2001). For example,
host plant genotype, which influences phenotypic vari-
ation in plant quality traits (Underwood and Rausher
2000; McIntyre and Whitham 2003), including plant
secondary chemistry (Hunter et al. 1996; Larsson et al.
2000) has been shown to influence herbivore population
dynamics. The strength of density dependence can have
considerable impact on population dynamics as its value
determines the difference between exponential and den-
sity-dependent growth. Several recent studies have
demonstrated that the strength of density dependence
can vary among host plants (Underwood and Rausher
2000, 2002; Rotem and Agrawal 2003).

Here, we present some simple models and analyses
designed to examine the impact of variable plant quality
on the dynamics of insect herbivore populations. Spe-
cifically, we concentrate on the consequences of varia-
tion in the strength of density dependence among host
plants. We illustrate that (a) average values of herbivore
population growth parameters, calculated from plants
that vary in quality, do not predict overall population

Communicated by Craig Osenberg

S. E. Helms (&) Æ M. D. Hunter
Institute of Ecology, University of Georgia,
Athens, GA 30602-2202, USA
E-mail: shelms@uga.edu
Fax: +1-706-5424819

Oecologia (2005) 145: 197–204
DOI 10.1007/s00442-005-0060-1



growth, and (b) the quality of a few individual plants
within a larger plant population can dominate herbivore
population growth.

Materials and methods

Field observations of aphid populations (Helms et al.
2004) have served as the basis for many of the ideas
presented in this paper. In a common garden of Ascle-
pias plants in Athens (GA, USA) we have observed
exponential growth of Aphis nerii populations within a
single growing season despite considerable variation in
the strength of density dependence among individual
plants. We explore this phenomenon here with a series of
population models. The initial models are extremely
simple, to make some general points. We then increase
model complexity and incorporate some real data from
our common garden.

Because aphids have overlapping generations, con-
tinuous time models have been used. Specifically, these
models are all variations of the basic form:

dN
dt
¼ N � ðr þ b� NÞ ð1Þ

where N is the size of the population, r is the maximum
per capita growth rate, and b is the strength of density
dependence. The quantity (r + b · N) is the R-function
and represents the realized reproductive rate (or per
capita population growth rate) (Berryman 1999). If we
make the assumption that r is non-zero and positive, the
behavior of the population is dependent on b. In this
case, we can have three outcomes:

1. b>0: The population will experience inverse density
dependence and exhibit hyper-exponential growth.

2. b=0: The population will be density independent and
exhibit exponential growth.

3. b<0: The population will experience density depen-
dence and will reach a stable equilibrium.

A simple model

Our first step in examining the effect of variation in plant
quality is to consider a very simple hypothetical system
in which there are ten individual plants hosting aphid
populations. We assume that the aphid populations
experience the same arbitrary maximum growth rate
(r=0.9) on each plant; however aphids realize expo-
nential growth (b=0) on one of these plants while
experiencing density dependence (we have arbitrarily
chosen b=�0.005) on the other nine plants. These ten
individual populations are each simulated using Eq. 1.
When the ten plants are considered together as one large
population, total population growth is the sum of the
population densities from each of the individual plants
at each time step.

Variable growth parameters

To make the simple model used above slightly more
realistic, we can allow the growth parameters to vary
randomly among host plants. These parameters are
estimated from the following normal distributions:
r�N(0.9, 0.0025) and b�N (�0.005, 0.000025), where
the first value in the bracket is the average parameter
estimate, and the second value is the variance around the
mean. Note that the average of b favors density-depen-
dent growth (b<0). Ten values for each parameter are
generated at random from these distributions and used
to simulate populations on each of the ten individual
plants using Eq. 1. Once again, we can sum the densities
on individual plants to find total aphid population size.
We can compare the model output from runs with var-
iable parameters with a simple model that uses the
average parameter values from all ten plants. In this
case, we calculated mean parameter values from the ten
variable parameter simulations, and used these to sim-
ulate an average population.

Hierarchical Bayesian parameter estimation

Rather than assuming that all variation around a mean
estimate of a parameter value is due simply to sampling
error and will tend to zero as sample size increases,
hierarchical Bayesian methods allow for some of this
observed variation to be real biological variation among
individuals (see Clark 2003; Sauer and Link 2002).
Hierarchical Bayesian methods were used to estimate the
parameters r and b from aphid population data. Popu-
lation densities of the aphid Aphis nerii growing in a
common garden of Asclepias plants in Georgia were
monitored from July to October 2001. The common
garden consisted of between 50 and 100 plants of each of
six different Asclepias species. Naturally occurring aphid
densities (calculated as number of aphids per gram of
plant tissue) were recorded from each plant in the garden
every two weeks from July 14 to October 22. Again,
aphids have overlapping generations, with a generation
time of approximately 1 week. Complete details of our
sampling protocols are provided in Helms et al. (2004).

Values for r and b were estimated by fitting linear
regressions between the realized growth rate (R) and the
population density on individual Asclepias plants (i.e.,
(x, y) coordinates are (Nt, ln (Nt+1/Nt))). The intercept
of this line represents r, while the slope is the value for b,
such that R = r + b · N. Only plants that hosted
aphids for at least four consecutive sampling dates were
used in the analysis, giving a total of 171 individual
plants.

The observational data collected from the field, Ri,j

(where i=1, 2, ..., 171 denotes individual plants, and
j=1, 2, ..., five denotes time period) is assumed to follow
a normal distribution such that Ri,j�N(li,j, r2)
and li,j = ri + bi · Ni,j and r2 follows a flat inverse
gamma distribution. Both ri and bi are given normal
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prior distributions: [ri| lr,s
2
r]�N(lr,s

2
r) and [bi| lb,s

2
b]

�N(lb,s
2
b).

Hyperpriors (distributions of the parameters of the
distribution of ri and bi) have been defined as diffuse
normal distributions for the means (i.e., [lr]�N(0.0,
10002) and [lb]�N(0.0, 10002)) and flat inverse gamma
distributions for the variances (i.e., [sr

2]�Inv-gamma(0.1,
0.1) and [sb

2]�Inv-gamma(0.1, 0.1)). In all cases, stan-
dard non-informative priors and hyperpriors for
Bayesian analysis have been used (Spiegelhalter et al.
1999). The program WinBUGS (Spiegelhalter et al.
1999) was used to complete this analysis. After specify-
ing the model, the program carries out the Bayesian
analysis with a Markov chain Monte Carlo (MCMC)
procedure.

As a comparison to Hierarchical Bayesian methods,
standard statistical methods were also used to examine
the values of r and b. These parameters were first
estimated by using pooled data for all 171 plants.
Pooling these data gave 761 data points consisting of
the realized growth rate and population density. A
linear regression, as well as mean estimates and stan-
dard deviations of r and b, for the pooled data were
determined using PROC REG in SAS (1999). Values
for r and b were also estimated by fitting a linear
regression between the realized growth rate and pop-
ulation density for each individual plant and then
averaging the resulting parameter values over all 171
plants.

Models with movement

Most insect herbivores have the ability to move
among plants either within or between generations,
and so we added migration to our original models.
The results of aphid movement can be considered
analytically. Here, we consider only two populations:
one that supports exponential growth and one that
has density-dependent growth. The two-patch model
considered here is very similar to models in Under-
wood (2004), Holt (1985), Hastings (1993), and
Freedman and Waltman (1977).

Let N be the population with density-dependent
growth and P be the population with exponential
growth.

Then,

dN
dt
¼ N � ðr1 þ b� NÞ � m1 � N þ m2 � P ð2Þ

dP
dt
¼ r2 � P � m2 � P þ m1 � N : ð3Þ

Here, r1 and r2 are the maximum growth rates of N and
P, respectively. The strength of density dependence is b
(here b=0 for P), and m1 and m2 are the rates of
movement of individuals from populations N and P,
respectively. The following set of assumptions will be
made:

1. r2>0 (necessary for exponential growth)

2. m1, m2>0
3. b<0 (necessary for density-dependent growth)

This set of equations (Eqs. 2, 3) was solved to find the
conditions necessary for equilibrium (i.e. N*>0 and
P*>0).

Results

A simple model

In a deterministic model with aphids on nine plants
exhibiting density-dependent growth and aphids on one
plant exhibiting exponential growth, the total popula-
tion exhibits exponential growth (Fig. 1). This rather
obvious result stems from the fact that exponential
growth on a single plant comes to dominate the whole
population over time.

Variable growth parameters

When average population growth is density dependent
(b<0), but is varied randomly from a normal distribu-
tion of the type described above, total population
growth is exponential (Fig. 2; because the parameter
values for each individual plant are generated from a
normal distribution, it should be noted that the run of
this model shown in Fig. 2 is representative of other runs
of this model). Although individual plants exhibit either
exponential or density-dependent growth, the sum of the
population shows exponential growth. Furthermore, by
averaging the parameter values over the ten variable
parameter simulations, the parameters are those of
density-dependent growth. These results indicate that

Fig. 1 Aphid population growth as simulated using a deterministic
model (Eq. 1) for a the mean of nine plants with density-dependent
growth, b one plant with exponential growth, and c the total aphid
population on these ten plants
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total population growth can be exponential even when
average parameter values favor density-dependent
growth.

This process can occur in nature. Figure 3 shows the
behavior of A. nerii populations on 15 different Asclepias
plants in Georgia (recalculated from data in Helms et al.
2004) as well as the sum of these populations. Once
again, there exist both density-dependent and exponen-
tial growth on the individual plants, but the sum of the
population shows exponential growth.

The level of variance in parameter values among
populations on different host plants will likely have a
significant impact on the dynamics observed in the

population as a whole. This variance represents the
variation in plant quality that is central to our current
discussion. The effect of increasing variance in the
parameter b (strength of density dependence) can be
examined by plotting the probability of observing
exponential growth in the total aphid population (i.e., b
is non-negative) against the variance.

Under a normal distribution, as variance in the esti-
mate of the strength of density dependence (b) increases,
so does the probability of generating a plant upon which
aphids will exhibit exponential growth. The probability
of exponential growth also depends on the mean of the
parameter b; as the mean of b decreases, so does the
probability of exponential growth. This effect can be
seen in Fig. 4. In other words, the greater the variation
among individual plants, the more likely it is that overall
population growth will be determined by a few plants
exhibiting exponential growth.

Hierarchical Bayesian parameter estimation

Using Bayesian analysis, we have generated distribu-
tions for the parameter values r and b from A. nerii
populations growing in a common garden of Asclepias
plants in Georgia. The mean value for r is 1.174 with a
95% credible interval (1.004, 1.336) and the mean value
for b is �0.004 with a 95% credible interval (�0.01,
0.006). A 95% credible interval is the interval that
contains 95% of the data. The values for these param-
eters approximate the following normal distributions:
r�N(1.174, 0.0642) and b�N(�0.004, 0.0062). Using the
marginal distribution for b, the probability of observing
a specific number of individual plants on which aphid
populations grow exponentially is shown in Fig. 5.
According to this table, in a population of ten plants

Fig. 2 Aphid population growth with the parameters r (maximum
population growth rate) and b (strength of density dependence)
varying randomly among host plants. Individual plants exhibit
either density-dependent growth or exponential growth (solid lines).
The dashed line represents the totals of these populations. The
dotted line represents the output of a model that uses the average
parameter values from all ten plants

Fig. 3 Population growth of Aphis nerii on 15 different Asclepias
plants growing in a common garden in Athens, Georgia in 2001
(recalculated from data in Helms et al. 2004)

Fig. 4 The probability of observing a plant upon which aphids will
exhibit exponential growth as the variance in the estimate of the
strength of density dependence (b) increases. The parameter b is
assumed to follow a normal distribution, and these results are
shown for three different values of the mean of b: �0.005, �0.05,
�0.5
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with the distribution of parameter values found here,
there will be one or more plants supporting exponential
growth in 93.6% of cases, despite average parameter
values favoring density-dependent growth.

A comparison of estimated values for r and b from
the hierarchical Bayesian analysis (HB) with the stan-
dard statistical methods used is shown in Table 1. The
pooled data linear regression gave a mean value for r of
1.05 with a 95% confidence interval of (0.992, 1.108) and
a mean value for b of �0.0017 with a 95% confidence
interval of (�0.0021, �0.0013). Averaging the parameter
estimates for linear regressions on each individual plant
gave a mean value for r of 1.183 with a 95% confidence
interval of (1.102, 1.263) and a mean value for b of
�0.002 with a 95% confidence interval of (�0.006,
0.002).

Models with movement

Upon solving Eqs. 2 and 3 to find the conditions nec-
essary for equilibrium (i.e. N*>0 and P*>0), we found
that both of the following conditions must be met in
order for this system to have an equilibrium:

r1 >
r2 � m1

r2 � m1
ð4Þ

r2\m2 ð5Þ

If condition 5 is violated, then there is no equilibrium for
this system and both plants experience exponential
growth. So if population growth rate on the exponential
plant is larger than the rate of emigration from that
exponential plant, both populations will grow expo-
nentially (see Fig. 6a, r1=r2=0.9, b=�0.005, m1=
m2=0.1).

If condition 5 holds and r1>0, there is always an
equilibrium for this system. Populations on both plants
will reach a stable population size, with the exponential
population (� m1/(r2 � m2)) times larger than the den-
sity-dependent population (see Fig. 6b, r1=0.9, r2=0.8,
b=�0.005, m1=0.5, m2=0.9).

However, if condition 5 holds and r1<0, condition 4
can be re-written as

r2
r1

\
r2 � m2

m1
ð6Þ

Table 1 Comparison of estimates for r (maximum per capita
growth rate) and b (strength of density dependence) using hierar-
chical Bayesian analysis (HB), a linear regression for the pooled
data (pooled), and an average of values from linear regressions on
each individual plant (average). 95% CI is the 95% credible
interval for the HB analysis and the 95% confidence interval for the
pooled and average analyses

Mean Standard deviation 95% CI

r
HB 1.174 0.0640 (1.004, 1.336)
Pooled 1.050 0.8182 (0.992, 1.108)
Average 1.183 0.5403 (1.102, 1.263)
b
HB �0.0040 0.0060 (�0.01, 0.006)
Pooled �0.0017 0.0055 (�0.0021, �0.0013)
Average �0.0020 0.0310 (�0.006, 0.002)

Fig. 6 Aphid population growth as simulated using a deterministic
model (Eqs. 2, 3) which allows aphids to move among host plants.
Here, we assume that there are two host plants, one with density-
dependent growth (solid line, b=�0.005) and one with exponential
growth (dashed line, b=0). Possible outcomes of this model are
represented by the following combinations of parameter values:
a r1=r2=0.9, b=�0.005, m1=m2=0.1, b r1=0.9, r2=0.8,
b=�0.005, m1=0.5, m2=0.9, and c r1=�0.2, r2=0.5,
b=�0.005, m1=0.1, m2=0.8 (see text for details)

Fig. 5 The probability that, in a population of ten Asclepias plants,
there will be a given number of plants on which A. nerii populations
grow exponentially despite average growth parameters favoring
density dependence. For example, there is a 20% probability of one
plant supporting exponential aphid growth and only a 6.4%
probability that all plants will exhibit density-dependent growth
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If Eq. 6 is true, we will see an equilibrium similar to that
in Fig. 6b. This demonstrates that plants that are unable
to sustain positive aphid growth (r1<0) can still exhibit
equilibrium aphid densities as a result of immigration
from plants supporting exponential growth. However, if
Eq. 6 is false, then both populations will go extinct (see
Fig. 6c, r1=�0.2, r2=0.5, b=�0.005, m1=0.1,
m2=0.8).

In summary, to prevent exponential aphid growth on
all plants, aphid population growth rate on the expo-
nential plant must be less than the rate of emigration
from the exponential plant. Furthermore, if aphid
growth rate on the exponential plant is less than the rate
of aphid emigration from that plant and the second
plant is a sink, i.e. unable to sustain population growth
(r<0), then populations on both plants will go extinct
unless condition 6 holds.

Discussion

The spatial scale at which insect herbivore populations
are examined can have considerable influence on the
assessment of factors underlying population dynamics.
Using a simple deterministic model, we have demon-
strated that exponential growth by an herbivore on a
single plant in a population will dominate the whole
population over time, even when the other plants favor
density-dependent growth by the herbivore population
(Fig. 1). While this simple example may seem obvious, it
underscores an important point—when individual plants
vary in quality for herbivores, the dynamics of the her-
bivore population as a whole can be driven by the
quality of a few individual plants. As a consequence,
average growth parameters calculated from the entire
plant population may be poor predictors of overall
population growth.

In nature, both the strength of density dependence,
b, and the maximum per capita growth rate, r, of
herbivores can vary among host plants (Underwood
and Rausher 2000, 2002; Rotem and Agrawal 2003;
Fig. 3). When we allowed these parameters to vary
around a given mean, such that the average parameter
values favored density-dependent growth, we found
either density-dependent or exponential growth on
individual plants, but exponential growth for the
herbivore population as a whole (Fig. 2). Further-
more, as variability around the mean value of b
increased, we were more likely to observe one or more
plants supporting exponential growth (Fig. 4) while
the growth of the whole herbivore population was
determined by these few plants. What we have not
explored here is the potential for aphid populations on
an individual plant to vary between exponential and
density-dependent growth over time. Temporal chan-
ges in the quality of individual plants might cause
such changes in aphid growth and will be considered
in future work.

Given that variation among host plants in both the
maximum per capita growth rate and the strength of
density dependence of insect herbivores should be
common (Hunter et al. 2000; Hunter 2001) and has been
demonstrated experimentally (Rotem and Agrawal
2003; Underwood and Rausher 2000, 2002), we should
begin exploring the use of statistical methods that allow
for such variability in parameters to be expressed as
‘‘real’’ variation among individuals rather than as mea-
surement error. Using standard statistical procedures,
measurement error declines towards zero as sample size
increases.

Standard statistical analyses conducted on data from
A. nerii populations on Asclepias plants showed the
strength of density dependence estimated from the
smaller spatial scale of individual plants (Table 1,
‘‘average’’) to be only slightly stronger than that from
pooled data over the entire field. However, there was a
fairly large difference in the 95% confidence intervals
between the two methods. Using the pooled data, the
95% confidence interval for b contains only negative
values, while that for the average of individual plants
allows for both negative and positive numbers. How-
ever, this may just be an artifact of the differences of
sample size (N=761 for pooled data versus N=171 for
average of individual plants).

Instead of all variance being due to measurement
error and decreasing towards zero as sample size in-
creases, HB allows for some variation to be real varia-
tion among individuals. While variance due to
measurement error does decline as sample size increases,
hierarchical Bayesian statistics also allows estimation of
real variance that exists among plants. For the data from
A. nerii populations on Asclepias plants, not only does
the HB detect a much stronger average value of density
dependence (�0.004), but the 95% credible interval
contains both negative and positive values for b and
allows for much more variability than does either of the
standard statistical methods used in this paper. An ad-
ded strength of HB is the generation of distributions of
the values of r and b for each individual plant (not
shown here). With standard statistical methods, treating
each plant individually would only allow for a point
estimate for each of the values of r and b. In addition,
with the HB, we find that in a population of ten plants,
we will observe exponential growth for the whole pop-
ulation 93.6% of the time (Fig. 5), despite the average
value of b favoring density-dependent growth. These
results are supported by our field observations (Helms
et al. 2004) where we found the total population exhib-
iting exponential growth, but aphid populations on
individual host plants exhibiting either density-depen-
dent or exponential growth (Fig. 3).

Standard statistical approaches such as those used in
this paper are likely to be inappropriate for scaling up
from small studies to larger studies, where true variation
among plants is likely to increase with spatial scale
(Hunter et al. 1996). Hierarchical Bayesian methods
should provide a better approach to parameter estima-
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tion (Clark 2003; Sauer and Link 2002) because they
produce distributions of parameters rather than simple
mean estimates. These distributions encompass real
variation among individuals, can be used to make pre-
dictions about local dynamics (Fig. 5) and may be useful
tools in the attempt to scale up results from small-scale
studies to large-scale predictions.

There are an increasing number of studies suggesting
that measures of spatial variance are essential to
understanding processes that determine population
dynamics. Including measures of spatial variance and
covariance can give qualitatively different results than
simply using mean values estimated from a single spatial
scale (Inouye 2005, Melbourne & Chesson 2005,
Underwood 2004). Spatial variance has been shown to
explain coexistence of competing species that exhibit
strong competitive interactions at smaller spatial scales
(Inouye 2005) and to influence population abundance
for insect herbivores (Underwood 2004).

Shima and Osenberg (2003) demonstrated an analo-
gous situation in populations of reef fish. They found
that differences in patch quality caused an underesti-
mation of the effect of density dependence. Aggregation
of data over large spatial scales in this study underesti-
mated the strength of density dependence by approxi-
mately 97%. Because habitat quality covaries with
population density, the strength of density dependence
becomes obscured in a heterogeneous habitat. Shima
and Osenberg (2003) termed this phenomenon ‘‘cryptic
density dependence.’’ Further support for the existence
of cryptic density dependence in reef fishes has been
provided by Forrester and Steele (2004) and is likely to
be found in many other systems. Several studies of insect
herbivores have found that the detection of density
dependence is only possibly at smaller spatial scales
(Hassell et al. 1987; Jones et al. 1987; Southwood et al
1989). Hastings (1993) showed in a two-patch model
that the degree of coupling between the dynamics of the
two patches will influence the detection of density
dependence at larger spatial scales. If the dynamics in
the two patches are weakly coupled, then density
dependence will be much less apparent at the level of the
whole population even though there is clear density
dependence at the level of a patch.

Consistent with the results of the two-patch model of
Hastings (1993), the effect of exponential growth on a
single plant dominating the dynamics of the whole
population will decline if the rate of emigration from the
exponential population is large in relation to its maxi-
mum population growth rate. In this case, sufficient
emigration from the exponential population causes the
whole population to exhibit either density-dependent
growth or go extinct depending on values of the other
model parameters (Fig. 6b, c). In our Asclepias–A. nerii
system, movement among plants is sufficiently rare
within a growing season and the estimated parameter
values for r are sufficiently high (Table 1) such that
exponential aphid growth on some individual plants
does indeed dominate the dynamics of the whole pop-

ulation (Fig. 3). However, the production of alate
aphids at very high density (Groeters 1989) might alter
the effects of the plants that support exponential growth
on the entire aphid population. The final outcome will
depend upon the relative values of dispersal and popu-
lation growth rate (Eq. 5).

Other recent studies have also demonstrated that for
herbivores that move among plants, variability in plant
quality can influence herbivore population dynamics
(Underwood 2004). Specifically, this study showed that
increasing variance in quality among host plants leads to
increasing effects on herbivore population size. Fur-
thermore, Underwood (2004) found that herbivore
mobility increased the effect of variance in plant quality.
It is clear that variation in rates of movement among
individual plants should be considered along with vari-
ation in rates of increase and density dependence if we
wish to understand the role of variable plant quality in
population dynamics (Pulliam 1988; Gilpin and Hanski
1991).

An appreciation for the role of variation in plant
quality in the population dynamics of herbivores is
growing (Foster et al. 1992; Rossiter 1994; Belovsky and
Joern 1995; Larsson et al. 2000; Underwood and Ra-
usher 2000, 2002; Helms et al. 2004; Rotem and Agrawal
2003). As we have demonstrated in this paper, ignoring
the spatial heterogeneity that exists in herbivore popu-
lation growth on plants that differ in quality can lead to
a misunderstanding of the mechanisms that underlie
observed population dynamics. Counting herbivores on
plants and taking averages of population size, per capita
growth rate, and the strength of density dependence is
simply not sufficient (Hunter et al. 2000). Plant-derived
variation in herbivore population parameters should be
described explicitly, using appropriate statistical tech-
niques, and incorporated directly into population mod-
els. Until this becomes the rule rather than the
exception, our basic understanding of herbivore popu-
lation ecology will continue to be inadequate.
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