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        Introduction 

 Anthropogenic increases in nitrogen deposition are important 
drivers of environmental change ( Vitousek  et al. , 1997; Throop 
& Lerdau, 2004 ). Sources of deposition are mainly transporta-
tion, power plants, industry, and agriculture ( Driscoll  et al. , 
2003 ). Current levels of nitrogen deposition range from 0 to 
40 kg ha  – 1  year  – 1 , and in many areas downwind of major urban 

and agricultural centres, deposition levels approach 30 – 90 kg 
ha  – 1  year  – 1  ( Van der Eerden  et al. , 1998; Fenn  et al. , 2003b ). As 
the human population continues to increase, it is predicted that 
nitrogen deposition will also increase ( Fenn  et al. , 2003b ) with 
concomitant effects at multiple levels of biological organisation 
including individuals, populations, communities, and ecosys-
tems ( Jefferies & Maron, 1997; Vitousek  et al. , 1997; Gotelli & 
Ellison, 2002; Aber  et al. , 2003; Fenn  et al. , 2003a; Madritch & 
Hunter, 2003; Throop & Lerdau, 2004 ). 

 Nitrogen deposition may have positive, negative, or no 
effects on insect herbivore population dynamics ( Throop & 
Lerdau, 2004; Throop, 2005 ). Nitrogen deposition often leads 
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  Abstract .      1.   Anthropogenic increases in nitrogen deposition are impacting terrestrial 
ecosystems worldwide. While some of the direct ecosystem-level effects of nitrogen 
deposition are understood, the effects of nitrogen deposition on plant – insect interactions 
and on herbivore population dynamics have received less attention. 

 2.   Nitrogen deposition will potentially influence both plant resource availability and 
herbivore population growth. If increases in herbivore population growth outstrip 
increases in resource availability, then increases in the strength of density dependence 
expressed within the herbivore population would be predicted. Alternatively, if plant 
resources respond more vigorously to nitrogen deposition than do herbivore populations, 
a decline in the strength of density dependence would be expected. No change in the 
strength of density dependence acting upon the herbivore population would suggest 
equivalent responses by herbivores and plants. 

 3.   A density manipulation experiment was performed to examine the effect of nitrogen 
deposition on the interaction between a host plant,  Asclepias tuberosa , and its herbivore, 
 Aphis nerii . Aphid maximum per capita growth rate ( R  max ), carrying capacity ( K ), and 
the strength of density dependence were measured under three nitrogen deposition 
treatments. The effect of nitrogen deposition on the relationship among these three 
measures of insect population dynamics was explored. 

 4.   Simulated nitrogen deposition increased aphid per capita population growth, plant 
foliar nitrogen concentrations, and plant biomass. Nitrogen deposition caused  R  max  and 
 K  to increase proportionally, leading to no overall change in the strength of density 
dependence. In this system, potential changes in the negative feedback processes 
operating on herbivore populations following nitrogen deposition appear to be buffered 
by concomitant changes in resource availability.  
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to increases in foliar nitrogen concentrations and plant biomass 
( Aber  et al. , 2003; Fenn  et al. , 2003a; Throop & Lerdau, 2004 ). 
Because most insect herbivores are nitrogen limited ( White, 
1993 ), increases in herbivore densities with increasing levels of 
nitrogen deposition would be predicted. This prediction as-
sumes that nitrogen deposition does not change plant secondary 
compounds or alter amino acid profiles, both of which can lead 
to decreased herbivore performance ( Throop & Lerdau, 2004 ). 
Additionally, nitrogen deposition can affect insect herbivores 
by altering plant or insect community composition ( Stevens 
 et al. , 2004 ). 

 Long-term population dynamics depend, in part, on the 
strength of density dependence ( Hunter, 2001 ) which can vary 
in space and time ( Cappuccino & Price, 1995; Harrison & 
Cappuccino, 1995 ). For insect herbivores, variation in the 
strength of density dependence has been attributed to plant size 
( Rotem & Agrawal, 2003 ), plant genotype ( Underwood & 
Rausher, 2000 ), plant resistance traits ( Underwood & Rausher, 
2002; Agrawal  et al. , 2004 ), and variation in herbivore maxi-
mum per capita population growth rate ( Agrawal  et al. , 2004 ). 
Currently, it is not possible to predict when to expect strong or 
weak density dependence, how anthropogenic environmental 
change will affect its strength, and subsequent effects on insect 
population dynamics. 

 Density dependence is often illustrated as the negative rela-
tionship between per capita growth rate and population density 
(   Fig. 1 ). In such diagrams, the  y -intercept represents the maxi-
mum per capita growth rate ( R  max ), the  x -intercept represents 
carrying capacity ( K ), and the slope of the line represents the 
strength of density dependence. How might nitrogen deposition 
influence the form of this relationship?  Figure 1  illustrates three 
hypothetical scenarios, where the solid lines indicate zero an-
thropogenic nitrogen deposition and the dotted lines indicate 
conditions after nitrogen deposition. In all three cases we as-
sume negative density dependence, meaning there is a decrease 
in per capita population growth as initial density increases 
( Gotelli, 2001 ). In  Fig. 1a,  R   max  and  K  increase proportionally 
and there is no change in the strength of density dependence af-
ter deposition (i.e. the slopes of the lines are the same). This is 
similar to  fig. 1  (lines A and C) in  Agrawal  et al.  (2004) . In 
 Fig. 1b,  R   max  increases faster than  K  increases, and the strength 

of density dependence increases. In  Fig. 1c,  K   increases faster 
than  R  max  increases, and the strength of density dependence 
decreases. 

 While there are relatively few studies of the effects of nitro-
gen deposition  per se  on insect herbivores ( Throop & Lerdau, 
2004 ), there have been many reported effects of nitrogen fertili-
sation on insect herbivores ( Mattson, 1980; Kyto  et al. , 1996; 
Cisneros & Godfrey, 2001; Nevo & Coll, 2001; Tsai & Wang, 
2001; Stiling & Moon, 2005 ). Typically, nitrogen fertilisation 
rates in such experiments far exceed any predicted nitrogen 
deposition rates. Experiments examining the effects of nitrogen 
deposition try to mimic current deposition levels and use nitro-
gen deposition rates no greater than 100 kg ha  – 1  year  – 1  ( Carreiro 
 et al. , 2000; van der Wal  et al. , 2003; Throop & Lerdau, 2004 ). 
Higher levels of nitrogen application, usually 200 kg ha  – 1  year  – 1  
or greater ( Jansson & Smilowitz, 1986 ), are used in many ferti-
lisation experiments and mimic modern agricultural practices. 
In a review of nitrogen fertilisation experiments conducted by 
 Kyto  et al.  (1996) , nitrogen fertilisation typically led to an 
 increase in aphid abundance and performance. However, other 
insect guilds either showed no increase in abundance or per-
formance or showed a negative response ( Kyto  et al. , 1996 ). 
Nitrogen fertilisation has also been linked with increased insect 
density, shorter development time, higher survival rates, in-
creased insect mass, higher fecundity, and higher  R  max  ( Mattson, 
1980; Cisneros & Godfrey, 2001; Nevo & Coll, 2001; Tsai & 
Wang, 2001; Stiling & Moon, 2005 ). However, other studies 
have found negative or no effects of nitrogen fertilisation on in-
sect abundance or performance ( Bethke  et al. , 1998; Casey & 
Raupp, 1999; Muller  et al. , 2005 ). 

 There is no  a priori  reason to assume that insect population 
growth rate and environmental carrying capacity should respond 
in concert to environmental change. To explore this further, a 
density manipulation experiment was performed to examine the 
effect of nitrogen deposition on the interaction between a host 
plant,  Asclepias tuberosa , and its herbivore,  Aphis nerii . Aphid 
maximum per capita growth rate ( R  max ), carrying capacity ( K ), 
and the strength of density dependence were measured under 
three nitrogen deposition treatments and the effect of nitrogen 
deposition on the relationship among these three measures of 
insect population dynamics was explored.  
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     Fig. 1.     Three hypothetical scenarios showing the effect of nitrogen deposition on the relationship between initial   density and per capita population 
growth rate. The solid line indicates zero deposition conditions and the dotted line represents conditions after nitrogen deposition. The slope of the line 
is a measure of the strength of density dependence and negative density dependence is assumed in all three scenarios. (a) The maximum population 
growth rate,  R  max  (the  y -intercept), and the carrying capacity,  K  (the  x -intercept), increase proportionally and there is no change in the strength of density 
dependence. (b)  R  max  increases faster than  K , and therefore the strength of density dependence increases. (c)  K  increases faster than  R  max  and the strength 
of density dependence decreases.   
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  Materials and methods 

  Study species 

  Aphis nerii  Boyer de Fonscolombe (Hemiptera: Aphididae), 
the milkweed-oleander aphid, is an aposematic phloem-feeding 
specialist of milkweed ( Asclepias  spp) and oleander [ Nerium 
oleander  L. (Apocynaceae)] that reproduces parthenogeneti-
cally ( Rothschild  et al. , 1970; Hall & Ehler, 1980 ). In August 
2003, one  A. nerii  individual was collected near Gainesville, 
Florida. The aphid colony (clone) was initiated from this one in-
dividual. In the laboratory, aphid colonies were kept on  Asclepias 
syriaca  at low densities.  Asclepias  seeds were obtained from a 
seed distributor (Butterfly Encounters, Dublin, CA).   

 Experiments were conducted in a temperature and light con-
trolled walk-in growth chamber (September – October 2005). 
Grow lights on timers (LD 16:8 h) provided heat and light; 
daytime and night-time temperatures were 34.0    ±    2.4 and 
24.0    ±    0.5   °C respectively, which is within the range normally 
experienced by both aphid and plant species. Temperature was 
measured and recorded using HOBO ®  data loggers (Onset 
Computer Corporation, Bourne, MA). The host-plant species 
used in this experiment was  Asclepias tuberosa , a milkweed 
species native to Georgia. All seedlings were potted in small 
(0.04 m radius) plastic pots, and the genotype(s) of the seedlings 
was unknown. All seedlings were 4 weeks old and the same size 
at the start of the experiment (12 – 15 cm in height, 10 – 12 leaves 
per seedling). Nitrogen deposition levels and aphid densities 
were assigned randomly to plants. All potted plants were placed 
individually in cages constructed from 710 ml Ziploc containers 
and organza netting over wire frames. Plants were rotated and 
watered daily.  

  Nitrogen deposition 

 Three levels of nitrogen were applied: 0, 25, and 40 kg ha  – 1  
year  – 1 . These levels fall within the range of nitrogen deposition 
levels experienced in the U.S.A. ( Ollinger  et al. , 1993; Throop 
& Lerdau, 2004 ). Because this experiment was carried out in 
small pots (0.04 m radius), the amount of nitrogen in the form 
of ammonium nitrate NH 4 NO 3  was calculated based on an area 
of 0.005 m 2 . For the three nitrogen deposition levels 0, 0.036, 
and 0.057 g of NH 4 NO 3  were needed respectively. These were 
divided into four applications over the course of 3 weeks. For 
each application, 25% of the appropriate amount of NH 4 NO 3  
was dissolved in deionised water and 20 ml solution was ap-
plied to each plant with a pipette. Nitrogen application occurred 
on day 1 (6 September 2005), day 8 (13 September 2005), day 
15 (20 September 2005), and day 22 (27 September 2005).  

  Aphid density manipulation 

 Six aphid densities were established (0, 1, 5, 10, 15, and 20 
aphids per plant), with five replicates of each nitrogen deposition 
treatment by aphid density combination for a total of 90 experi-
mental plants (6 aphid densities    ×    3 nitrogen treatments    ×    5 repli-

cates   =   90 experimental plants). On day 14 (19 September 2005), 
two adult apterous aphids were placed on each plant (except for 
those plants receiving the 0 aphid/plant treatment). The aphids 
were allowed to reproduce overnight, and the following day the 
adults were removed and the offspring thinned to the appropriate 
densities. After 14 days (until day 28), spanning approximately 
two to three aphid generations, total population and number of 
alates (winged aphids) were counted on each plant. Because the 
aphid densities reached such high levels, it was not possible to 
count all of the aphids on all plants in 1 day. Therefore, on day 28 
(3 October 2005) half of the aphids were counted and the rest were 
counted on day 29 (4 October 2005). Treatments were divided 
evenly between the 2 days of counting and population growth rates 
were adjusted accordingly for the extra day of growth (below). 
After aphids were counted, above-ground plant biomass was har-
vested. Each plant was clipped at the base of its stem and then 
rinsed with deionised water to remove any aphid honeydew. Plants 
were dried at 64   °C in a drying oven (Lab-line, Dubuque, IA), 
  weighed with a Mettler balance (Mettler Toledo, Greifensee, 
Switzerland) and the top five leaves were ground into a fine powder 
using a ball mill grinder (Spex Certiprep, Metuchen, NJ). For 
carbon (C) and nitrogen (N) analysis, ground samples were 
weighed into tin capsules with a Mettler UMT2 microbalance 
(Mettler Toledo) and analysed with a Carlo Erba NA 1500 CHN 
analyser (Carlo Erba, Milan, Italy).  

  Statistical analysis 

 Aphid per capita growth rate was calculated on each plant by 
subtracting the natural log of the initial density ( N  1 ) from the 
natural log of the final density ( N  2 ) divided by the number of 
days that aphids ( t  2     –     t  1 ) were on the plants: (ln N  2     –    ln N  1 )/( t  2     –     t  1 ). 
The strength of density dependence was determined for each 
nitrogen deposition level by finding the slope of the regression 
of per capita growth rate versus initial density.  R  max  (maximum 
population growth rate) for each nitrogen deposition level was 
found by determining the  y -intercept of each regression equa-
tion, and  K  (carrying capacity) was found by determining the 
 x -intercept for each equation. Although non-linear declines in 
per capita growth rate with population density have been re-
ported ( Sibly  et al. , 2005 ), non-linear parameters provided no 
improvement in models, confirming that linear density depend-
ence predominates in this aphid species ( Agrawal  et al. , 2004 ). 

 Rates of aphid population growth were compared among dep-
osition treatments using analysis of covariance ( ancova ) with 
nitrogen deposition as a class variable and initial density as a co-
variate.  ancova  is an appropriate method for comparing slopes 
and intercepts of regression lines ( Sokal & Rohlf, 1995 ), and 
therefore it allows us to compare  R  max ,  K  and the strength of den-
sity dependence among the three nitrogen deposition treatments. 
Effects of nitrogen deposition on the strength of density depend-
ence were assessed by the significance of the interaction term be-
tween nitrogen deposition and initial density. This functions as a 
comparison of slopes ( Fig. 1 ). Final plant biomass, foliar nitro-
gen concentrations, and the proportion of alate aphids produced 
were compared among deposition treatments using  ancova  as 
above. Tukey’s honest significant difference tests were conducted 
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to compare among treatment means. All analyses were conducted 
using  sas  version 8.2 for windows (SAS Institute, Cary, NC). 
Residuals were checked for normality and met assumptions of 
normality except in one case; proportion alate data were arcsine-
square root transformed prior to analysis.   

  Results 

 Aphid per capita population growth decreased as initial aphid 
density increased, confirming the presence of negative density 
dependence (   Fig. 2 ,    Table 1 ). Nitrogen deposition led to in-
creases in aphid  R  max ,  K  and per capita population growth 
( Fig. 2 ,      Tables 1 and 2 ). However, the strength of density de-
pendence did not differ significantly among nitrogen deposition 
levels [ Table 1  (interaction term),  Table 2 ]. The proportion of 
alate aphids that were produced increased with initial aphid 
density (   Fig. 3 : density  F  1,61    =   35.57,  P    <   0.001). However, 
 nitrogen deposition had no effect on the proportion of alate 
aphids produced ( Table 2 : nitrogen  F  2,61    =   0.44,  P    =   0.648, 
nitrogen    ×    density  F  2,62    =   0.32,  P    =   0.727). 

  Asclepias tuberosa  foliar nitrogen concentrations increased 
with nitrogen deposition and decreased with initial aphid density 
(   Fig. 4 : nitrogen  F  2,71    =   18.25,  P    <   0.001, density  F  1,71    =   17.21, 
 P    <   0.001, nitrogen    ×    density  F  2,71    =   0.27,  P    =   0.766). 

 Final biomass of  A. tuberosa  plants increased with nitrogen dep-
osition whereas initial aphid density had no effect on final plant bio-
mass (   Fig. 5 : nitrogen  F  2,74    =   19.14,  P    <   0.001, density  F  1,74    =   0.34, 
 P    =   0.564, nitrogen    ×    density  F  2,74    =   2.58,  P    =   0.082).  

  Discussion 

 In this system, simulated nitrogen deposition leads to propor-
tional increases in aphid per capita growth rate and carrying 
capacity ( Fig. 2 ), as well as increases in plant foliar nitrogen 
concentration and biomass ( Figs 4 and 5 ). The proportional in-
crease in aphid  R  max  and  K  results in no change in the strength of 
density dependence, corresponding to the scenario illustrated in 
 Fig. 1a . In this case, the increase in aphid population growth is 
balanced by the increase in environmental carrying capacity. 
Not surprisingly, negative density dependence ( Fig. 2 ) was ex-
hibited under all experimental conditions. Previous research in 
this system found decreases in aphid per capita survival and fe-
cundity with increasing density on four milkweed species in-

cluding  A. tuberosa  ( Zehnder & Hunter, 2007 ). Likewise, 
 Agrawal (2004)  reported that  A. nerii  exhibited negative density 
dependence on 17 out of 18 milkweed species. 

 As  Agrawal  et al.  (2004)  have shown,  R  max  and  K  do not al-
ways vary in concert. In their experiments working with  A. nerii  
on  Asclepias syriaca  and other milkweed species, they found no 
proportional change in  K  with variation in  R  max . As a conse-
quence, any increase in  R  max  was associated with an increase in 
the strength of density dependence, the scenario illustrated in 
 Fig. 1b .  Agrawal  et al.  (2004)  did not explicitly manipulate plant 
quality within a single host-plant species, as was done in the 
present study. By manipulating plant quality via nitrogen depo-
sition, it has been shown in the present study that it is possible 
to increase  R  max  and at the same time increase  K . Therefore, 
 under these conditions,  R  max  is not an accurate predictor of 
the strength of density dependence. Further research is needed 
to determine when maximum per capita population growth 
rate and carrying capacity are directly proportional, like in the 
present study, and when they do not scale proportionally, such 
as found by  Agrawal  et al.  (2004) . 
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     Fig. 2.     The   effect of initial  Aphis nerii  density on  A. nerii  per capita popu-
lation growth among three nitrogen deposition levels on  Asclepias tuberosa . 
Each line represents the regression of initial aphid density on per capita 
population growth ( n    =   25 for each nitrogen deposition level). The solid 
dark line and diamonds represent   0 kg ha  – 1  year  – 1  nitrogen. The dark dashed 
line and squares represent 25 kg ha  – 1  year  – 1  nitrogen, and the light dashed 
line and triangles represent 40 kg ha  – 1 year  – 1  nitrogen.   

     Table 1.     The infl uence of nitrogen deposition and initial  Aphis nerii  density on per capita growth rate of the aphid population over two to three gen-
erations on  Asclepias tuberosa .     

  Type III sum of squares d.f. Mean square  F -value  P     

Nitrogen deposition 0.0224 2 0.0112 9.32 0.0003  
Initial aphid density 0.2022 1 0.2022 168.24 <0.0001  
Nitrogen deposition    ×    initial density 0.0011 2 0.0006 0.48 0.6209  
Error 0.0733 61 0.0012   

   The non-signifi cant interaction between initial aphid density and nitrogen deposition indicates that the strength of density dependence did not differ 
among nitrogen deposition treatments.      
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 It is interesting to note that within a single herbivore – plant 
study system,  A. nerii – Asclepias , examples of variation in the 
strength of density dependence ( Agrawal  et al. , 2004 ) and exam-
ples of no variation in the strength of density dependence (this 
study) have been documented. A possible explanation for the dis-
crepancy between these two studies is that certain factors, such 
as temperature, affect insect herbivores more strongly than they 
affect plant resource availability, at least on a short-term basis. 
Therefore, temperature variation leads to variation in aphid    R  max , 
but leads to no change in carrying capacity, causing variation in 
the strength of density dependence ( Agrawal  et al. , 2004 ). 
Similarly, variation in host plant species will affect herbivore 
 R  max , but not  K , when equally-sized host plants are chosen 
( Agrawal  et al. , 2004 ). The 18 host-plant species examined by 
 Agrawal  et al.  (2004)  were of similar age and size, meaning that 
plant resource availability was roughly similar among all host-
plant species, or  K  was held constant. However, the  Asclepias  
species varied in quality, including variation in nitrogen and 
water content, cardenolide concentration, and trichome density 
( Agrawal, 2004; Agrawal  et al. , 2004 ). This variation in plant 
quality, but not plant quantity, leads to variation in aphid  R  max  and 
this leads to variation in the strength of density dependence. 

 In this experiment, nitrogen deposition led to increased aphid 
per capita population growth rate and increased foliar nitrogen 
concentrations, confirming a link between foliar nitrogen 
 content and  A. nerii R  max  ( Agrawal, 2004 ). Similarly, in a nitro-
gen fertilisation experiment using cotton-melon aphids,  Aphis 
gossypii , a positive relationship was found between foliar nitro-

gen concentrations and insect performance ( Nevo & Coll, 
2001 ). Such relationships have been documented for many 
other insect herbivores ( Mattson, 1980 ), arguing for frequent 
nitrogen limitation among insect herbivores ( White, 1993 ). 
While nitrogen addition typically leads to an increase in aphid 
population growth rates, this is not always the case. In a field 
experiment examining the effects of fertiliser addition and 
predator exclusion on  Aphis jacobaeae , an aphid-specialist of 
ragwort, there was no effect of fertilisation on aphid density 
( Muller  et al. , 2005 ). However, foliar quality was not measured 
in this experiment; therefore it is possible that the fertilisation 
treatment did not affect plant quality or that there was an in-
crease in plant  defensive compounds. It is also possible that 
natural enemies had a larger impact on aphid population growth 
than did plant productivity ( Muller  et al. , 2005 ). 

 In the present study, nitrogen deposition increased both 
plant quality ( Fig. 4 ) and quantity ( Fig. 5 ) and similar results 
have been documented for a variety of plant species ( Throop 
& Lerdau, 2004 ). For example, nitrogen deposition was 
found to increase seedling nitrogen content and growth rate 
for five out of six annual species in a California grassland 
community ( Cleland  et al. , 2006 ). In the present study, as ini-
tial aphid density increased, foliar nitrogen concentrations 

 

1.0

2.0

3.0

4.0

5.0

6.0

0 5 10 15 20

Initial density (aphids/plant)

%
 fo

lia
r 

ni
tr

og
en

     

     Fig. 4.     The effect of initial  Aphis nerii  density on  Asclepias tuberosa  
percentage foliar nitrogen among three nitrogen deposition levels. Each 
line represents the regression of initial aphid density on percentage fo-
liar nitrogen ( n    =   30 for each nitrogen deposition level). The   solid dark 
line and diamonds represent 0 kg ha  – 1  year  – 1  nitrogen. The dark dashed 
line and squares represent 25 kg ha  – 1  year  – 1  nitrogen, and the light 
dashed line and triangles represent 40 kg ha  – 1  year  – 1  nitrogen.  ancova  
nitrogen  F  2,71    =   18.25,  P    <   0.0001; density  F  1,71    =   17.21,  P    <   0.0001; 
nitrogen    ×    density, NS (not signifi cant).   

     Table 2.     The effect of nitrogen deposition on the maximum per capita population growth rate ( R  max ), carrying capacity ( K ), strength of density depen-
dence ( b ), and proportion alate of  Aphis nerii  on its host plant  Asclepias tuberosa .     

  Nitrogen deposition (kg ha  – 1  year  – 1 )  R  max  K  b Proportion alate    

0 0.2829 (0.012) a 29.504 (2.71) a  – 0.00753 (0.001) 0.104 (0.02) a   
25 0.3352 (0.011) b 35.124 (2.98) b  – 0.00787 (0.001) 0.109 (0.02) a   
40 0.3647 (0.017) b 32.407 (3.38) b  – 0.00904 (0.001) 0.111 (0.02) a   

   Data represent the means of 25 replicates followed by standard errors in parentheses. Different letters within columns denote signifi cantly different 
means under Tukey’s test ( R  max ,  K , proportion alate).      
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     Fig. 3.     The effect of initial  Aphis nerii  density on the proportion alate 
(winged aphids) present after 2 weeks on  Asclepias tuberosa  (bars are 
means of 15 values  ±    1 standard error).  ancova  density  F  1,61    =   35.57, 
 P    <   0.0001; nitrogen, NS (not signifi cant); nitrogen    ×    density, NS.     
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decreased, but there was no effect of aphid density on plant 
biomass. This result suggests an imperfect, or complex, link 
between nitrogen availability and  Asclepias  biomass. In a 
comparable study examining the effects of nitrogen deposi-
tion and herbivory on common ragweed, simulated nitrogen 
deposition led to an increase in plant biomass and foliar ni-
trogen concentrations. Additionally, neither aphid nor beetle 
herbivory reduced plant shoot biomass; however there were 
negative effects of insect herbivory on root and seed biomass 
( Throop, 2005 ). 

 In the present experiment, nitrogen deposition caused an 
 increase in insect herbivore densities. This has important impli-
cations for both crop and forest insect pests, especially if nitro-
gen deposition leads to an increase in the rate or severity of 
herbivore outbreaks. Recent work has suggested that nitrogen 
deposition is linked to increases in outbreak frequency of the 
monophagous heather beetle,  Lochmaea suturalis , on  Calluna 
vulgaris  in the Netherlands ( Bobbink  et al. , 1998 ). In the north-
eastern U.S.A., there are hotspots of nitrogen deposition located 
in high elevation forests ( Driscoll  et al. , 2003 ) with the potential 
to facilitate insect outbreaks. 

 Only one pair of species was studied in this experiment, and 
only over a short time period under controlled laboratory condi-
tions. As a result, it is not clear at present how results from the 
present study relate to dynamics in the field. Nonetheless, there 
is a long and distinguished history of using laboratory experi-
ments to study population dynamics ( Birch, 1953; Huffaker, 
1958; Ayala, 1969 ). In fact, much of current population theory 
is based on such experiments ( Speight  et al. , 1999 ). There is still 
a lack of long-term data examining the continuing impacts of 
nitrogen deposition on plant and herbivore dynamics. Moreover, 
it is important to consider higher trophic levels ( Hunter, 2001; 
Muller  et al. , 2005 ) and determine how predation and parasitism 
rates change under nitrogen deposition. 

 In this study, simulated nitrogen deposition increased aphid 
per capita population growth, plant foliar nitrogen concentra-
tions, and plant biomass. Nitrogen deposition increased the rate 
of insect population growth and increased plant biomass such 
that there was no change in the strength of density dependence. 
In the system used, potential changes in the negative feedback 
process operating on herbivore populations following nitrogen 
deposition appear to be buffered by concomitant changes in 
resource availability.    
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     Fig. 5.     Boxplots showing the effect of nitrogen deposition on  Ascle-
pias tuberosa  fi nal dry biomass (plots are means of 30 values  ±    1 stan-
dard error). Initial aphid density had no effect on fi nal plant biomass, so 
data are pooled by nitrogen treatment. The top and bottom points in 
each plot are the maximum and minimum values respectively. The tops 
and bottoms of the boxes are the lower and upper quartiles for each ni-
trogen treatment. The triangle within each box represents the median. 
Different letters above plots indicate signifi cant differences among 
treatment means.  ancova  nitrogen  F  2,74    =   19.14,  P    <   0.0001; density, 
NS (not signifi cant); nitrogen    ×    density, NS.     
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