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Abstract

Aims
While a growing number of studies have demonstrated the impor-
tance of intraspecific differences within plant species on associ-
ated arthropod communities, little is known regarding the relative 
strength of these effects compared to environmental factors. In this 
study, we examined whether intraspecific plant differences and 
nutrient fertilization interact to shape the arthropod community of a 
dominant coastal shrub, Baccharis pilularis (coyote bush).

Methods
We overlaid a fertilization treatment on a 12-year-old common 
garden experiment planted with erect and prostrate architectural 
morphs of Baccharis in California, USA. To collect the associated 
arthropod community, we vacuum sampled the crown of each 
Baccharis and identified individuals to species or morphospecies.

Important Findings
We found that arthropod richness and abundance were 2- to 
3-fold greater on prostrate Baccharis than on erect morphs, 
but observed no main effects of fertilizer addition on the over-
all arthropod communities. Predators responded as strongly as 

herbivores to plant morph, and both were unaffected by nutrient 
additions. Only the specialist stem galler, Gnorimoschema bac-
charisella, showed an interactive response to plant morph and 
fertilization. Nitrogen, phosphorous and potassium addition had 
opposite effects on the two morphs, increasing stem gall abun-
dance by 50% on prostrate morphs, but reducing galling by 
20% on erect morphs. The architectural complexity of prostrate 
morphs could be the driving mechanism of differences in arthro-
pod assemblages. Overall, our results demonstrate that commu-
nity-level consequences of intraspecific differences in plants are 
strong, rather than being context dependent, and are generally 
maintained under different resource environments. The growing 
number of studies showing strong genotype than nutrient effects 
on associated arthropod communities suggests that this might be 
a generalized pattern.
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INTRODUCTION
Over the past decade, empirical studies from a range of 
study systems have revealed an important role for intraspe-
cific genetic variation in structuring plant-associated com-
munities (Barbour et  al. 2009; Crutsinger et  al. 2014; Fritz 
1990; Johnson and Agrawal 2005; Maddox and Root 1987; 

Schweitzer et  al. 2008; Williams and Avakian 2015). While 
examples span diverse taxonomic groups (e.g. epiphytic and 
terrestrial plants, terrestrial invertebrates, foliar endophytes, 
mycorrhizal fungi and soil microbes), arthropods exhibit par-
ticularly strong responses to genetic differences among their 
host plants (Whitham et  al. 2012). For example, host plant 
susceptibility or resistance traits can influence herbivore 

 Journal of Plant Ecology Advance Access published September 23, 2016
 at U

niversity of N
ew

 M
exico on N

ovem
ber 2, 2016

http://jpe.oxfordjournals.org/
D

ow
nloaded from

 

mailto:noeliabarrios@gmail.com?subject=
http://jpe.oxfordjournals.org/


Page 2 of 8 Journal of Plant Ecology

preference and performance, resulting in many-fold differ-
ences among plant individuals in the total herbivore abun-
dance they support (Karban 1987; Maddox and Root 1987; 
Wimp et al. 2007). In turn, differences in the abundance of 
herbivorous prey can influence predation at higher trophic 
levels, including other arthropods (Johnson and Agrawal 
2005; Schädler et al. 2010) and vertebrates (Bailey et al. 2004). 
Ultimately, differences among host plant genotypes can result 
in considerable shifts in overall arthropod diversity and com-
position (Johnson et al. 2006; Whitham et al. 2012; Wimp et al. 
2005).

Although the ecological consequences of genetic differ-
ences can be considerable (Bolnick et  al. 2011), there are 
numerous other drivers of trait variation within plant spe-
cies that have the potential to impact associated arthropods 
(Barbour et  al. 2015). Because studies have tended to use 
common garden experiments that control for environmen-
tal differences (Maddox and Root 1987; Wimp et  al. 2005), 
prior work has not compared the magnitude of intraspecific 
genotypic differences to the effects of abiotic drivers of trait 
variation. Consequently, there are significant gaps in cur-
rent understanding of how genetically based trait variation 
interacts with environmental conditions (a G × E interaction) 
to shape plant-associated communities (Hersch-Green et  al. 
2011; Hughes et al. 2008).

Soil nutrient availability is a key aspect of the plant’s abiotic 
environment that can vary locally, influence plant quality and 
productivity (Pierik et al. 2011) and thereby potentially affect 
the composition of associated arthropods (Hurd and Wolf 1974; 
Kirchner 1977; Siemann 1998; Strauss 1987). For example, 
Orians and Fritz (1996) found that different genotypes of wil-
lows (Salix sericea) responded uniquely to nitrogen, phospho-
rous and potassium (NPK) fertilization to differentially affect 
the abundance of several herbivores, including leaf-folding 
sawflies. Far less is known about the importance of G × E inter-
actions at the community level, as most studies have focused 
on pairwise interactions between host plants and individual 
herbivore species (Kittelson 2004; Osier and Lindroth 2001; 
Stiling and Bowdish 2000; Strauss 1990), rather than includ-
ing the entire arthropod community (but see, Johnson and 
Agrawal 2005; Tack et al. 2010). Prior evidence suggests that 
the availability of nutrients can trump the effects of intraspe-
cific differences within host plant species (Crutsinger et  al. 
2013; Johnson et  al. 2008). However, in contrary examples, 
the effects of intraspecific differences remained strong across 
variable nutrient conditions (Burkle et  al. 2013; Mutikainen 
et al. 2000; Orians and Fritz 1996; Osier and Lindroth 2001; 
Tomas et al. 2011). The lack of resolution from current data 
combined with the small total number of studies that test for 
interactions at the community level (N = 7) suggests that addi-
tional studies that expand the range of environments exam-
ined are needed to draw more general conclusions.

We examined intraspecific differences within Baccharis pilu-
laris De Candolle (Asteraceae, coyote brush), a dominant shrub 
that occurs throughout California, USA. In the coastal dunes of 

California, B. pilularis grows as two distinct architectural forms: 
an erect morph (1- to 4-m tall, subspecies B. p. consanguinea) 
and a prostrate morph (0.1- to 0.2-m tall, formerly B. p. pilu-
laris, Flora of North America Editorial Committee 1993+). The 
two architectural morphs of B. pilularis (Baccharis hereafter) co-
occur and cover similar proportions of the dunes at our study 
site. The two morphs also differ in a variety of traits (leaf size, 
number of branches and branch length) and are known to vary 
in the composition of their foliar arthropods (Crutsinger et al. 
2014; Rudgers and Whitney 2006), including dominant, spe-
cialist herbivore species, such as stem gallers (Gnorimoschema 
baccharisella) and leaf gallers (Rhopalomyia californica) (Rudgers 
and Whitney 2006). Architectural variation in Baccharis has 
a genetic basis (Rudgers and Whitney 2006; Thompson et al. 
1995); however, since the genetic mechanisms of trait dif-
ferences have not yet been described, we hereafter refer to 
the two forms as erect and prostrate ‘morphotypes’ and trait 
variations as ‘intraspecific differences’. Baccharis is a dominant 
species in coastal dunes, characterized by sandy, fast-draining 
and nutrient-poor soils (Barbour 1973; Maun 2009). Based on 
these features of the system, we expected nutrient availability 
to be an important abiotic factor affecting host plant quality 
and plant-associated arthropods. For example, studies in other 
systems have shown that fertilization benefits herbivorous 
insects by increasing the nutritional quality of the host plant 
(Coley et al. 1985; Herms 2002; La Pierre and Smith 2016). 
However, it is unclear whether and how fertilization effects 
might cascade to predatory arthropods. While some studies 
found that herbivores tend to be more responsive to plant 
nutrition than predators (Hartvigsen et al. 1995), others have 
shown proportional responses of predator numbers to herbi-
vore densities (Denno et al. 2002; Forkner and Hunter 2000; 
Gruner 2004). Moreover, changes in the predator:herbivore 
ratios due to fertilization on the different morphotypes would 
let us identify the relative importance of bottom-up or top-
down forces in the trophic structure of Baccharis (Denno et al. 
2002; Forkner and Hunter 2000).

In this study, we fertilized erect and prostrate Baccharis 
shrubs growing in a long-term common garden experiment to 
assess the interactive effects of intraspecific differences and soil 
nutrient availability on arthropod communities. We addressed 
the following questions: (i) How do intraspecific differences in 
Baccharis architectural morph and nutrient fertilization treat-
ment influence the richness, abundance and composition of 
foliar arthropods? (ii) Do herbivores and predators respond 
differently to plant architectural morph and nutrient fertiliza-
tion? (iii) Are the community-level consequences of architec-
tural differences maintained with nutrient fertilization?

METHODS
In 1998, Rudgers and Whitney (2006) established a com-
mon garden experiment at the University of California–Davis 
Bodega Marine Reserve (BMR) in Bodega Bay, CA, USA 
(38°19′N, 123°04′W). The common garden measured 45 × 60 
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m, originally consisting of 250 plants (125 erect, 125 prostrate) 
in 1 m2 plots spaced 3 m apart and arranged along fifteen 
60-m transects. Plants were grown from cuttings of locally 
growing adult Baccharis plants of the two morphs from ran-
domly chosen locations throughout the 147-ha BMR reserve. 
Cuttings were started in the greenhouse prior to planting the 
garden, and each individual was assigned at random to plot 
locations within the common garden (for further details on 
the common garden, see Rudgers and Whitney 2006). At the 
initiation of this study, 134 shrubs (74 prostrate, 60 erect) had 
survived with identifiable tags.

Nutrient additions

In 2010 and 2011, we applied one of three nutrient treat-
ments on individuals of erect and prostrate morphs: NPK, 
carbon and control. Nutrient addition treatments consisted of 
(i) additions of a slow-release NPK fertilizer (14:14:14 Apex 
Nursery Fertilizer, JR Simplot Company, Lathrop, CA, USA) 
at 20 g/m2 (or ~3 µg N, P, K per g soil), (ii) additions of carbon 
(C) applied as sucrose at a rate of 150 g C/m2 beginning in 
March and repeated every 60 days or (iii) an unamended con-
trol. Application of sucrose, which is 46% C in a molecular 
form readily available to microbes, results in immobilization 
of plant available N in the soil solution. Addition rates were 
consistent with other studies investigating controls of N and 
C on plant population and community dynamics (McLendon 
and Redente 1992; Sanders et al. 2007). NPK additions were 
reapplied in 2011, but we ceased sucrose additions at the end 
of the first year due to logistical constraints (sucrose must 
be regularly applied) and to focus on primarily on NPK fer-
tilization effects. Preliminary soil analysis showed no initial 
differences in soil nutrient availability between erect and 
prostrate morphs (Crutsinger et al. 2013). We used 69 shrubs 
total, including 28 controls (14 prostrate, 14 erect), 21 NPK 
additions (12 prostrate, 9 erect) and 20 sucrose additions (10 
prostrate, 10 erect). The nutrient treatments were effective at 
reducing nutrient limitation, and the sample size was appro-
priate to detect differences, as evidenced on a previous study 
showing an increase in cover and biomass of the dominant 
understory plant species with NPK addition (Crutsinger et al. 
2013).

Arthropod community sampling

The arthropod community was sampled once a year (2010 
and 2011)  in the middle of the growing season, when the 
community diversity is at its peak (Keith et al. 2010). We vac-
uum sampled the entire crown of each Baccharis shrub using 
a modified leaf blower/vacuum (Craftsman 25cc 2-cycle, 
Illinois, USA) with a fine insect net attached. We also visually 
surveyed each plant for sedentary arthropods, including leaf 
and stem galls. Vacuum samples were transferred to plastic 
storage bags and stored on ice in a cooler. In the laboratory, 
we sorted arthropods and identified them to species, family or 
morphospecies and assigned them to a trophic level using ref-
erence literature and feeding morphology. Here, we focused 

on the responses of herbivores and predators, as they were the 
most abundant trophic levels in our samples. Omnivores were 
included in the total richness and composition analyses, but 
were not examined for individual trophic responses because 
they made up a smaller proportion of the community.

Statistical analyses

To examine arthropod community responses, we used sepa-
rate repeated-measures analysis of variance (ANOVA) with 
the fixed effects of architectural morph (erect vs prostrate) 
and nutrient treatment. To control for differences in number 
of individuals among plants, we calculated individual-based 
rarefaction in PRIMER V.6 (Clarke and Gorley 2006), using 
the sample with the fewest numbers of individuals for the 
whole community. We did not calculate herbivore and preda-
tor richness rarefied because we found no effect on total rare-
fied richness. The community-level response variables were as 
follows: total abundance and richness, rarefied total richness, 
Shannon diversity, herbivore abundance and richness, preda-
tor abundance and richness, predator:herbivore abundance 
and richness, and stem and leaf gall abundance. The response 
variables, total abundance, herbivore abundance, predator 
abundance and predator:herbivore abundance, were log10 (X 
+ 1) transformed to meet normality and reduce heteroscedas-
ticity of variances. When data transformation did not meet the 
assumptions of normality (rarefied total richness, Shannon 
diversity, predator richness and the abundance of stem and 
leaf galls), we used generalized linear models with a Poisson 
distribution and log-link function on the 2011 data for integer 
values, and quasi-Poisson for non-integer values. For clarity, 
we show the untransformed values in all figures. All the anal-
yses were performed in JMP Pro 10 statistical software (SAS 
Institute, Pacific Grove, CA, USA, 2001) and RStudio version 
0.98.1062 (RStudio Team, Boston, MA, USA, 2009). Next, we 
determined how arthropod community composition varied 
among the genotypes and nutrient treatments, using permu-
tational multivariate ANOVA  (Anderson 2001) with the fixed 
effects of architectural morph, nutrient treatment and year. 
We used a Bray–Curtis dissimilarity matrix on log-transformed 
raw abundance data of each arthropod species and ran 9999 
permutations in PRIMER v6 (Clarke and Gorley 2006). The 
results were qualitatively the same when we used propor-
tional data. To visualize the results, we performed ordinations 
using non-metric multidimensional scaling in PRIMER v6 
using Bray–Curtis similarity (Clarke and Gorley 2006).

RESULTS
In total, we identified 80 species and collected 2281 individu-
als in 2010, of which 47% were characterized as predators and 
42% as herbivores, and 3821 individuals in 2011, of which 
33% were characterized as predators and 51% as herbivores. 
On average, there were four species of herbivores and five spe-
cies of predators per sample. The most common herbivores 
were a leafhopper (Cicadellidae), a psyllid (Psyllidae), and a 
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gall midge (Cecidomyiidae, together representing ~18.5% of all 
the individuals), while the most abundant predators were three 
parasitoid wasps (representing 12% of all the individuals).

We found that erect and prostrate architectural morphs 
of Baccharis differed considerably in the associated arthro-
pod community (Fig. 1). Specifically, 3-fold more individuals 
(F1,60 = 32.24, P < 0.001) and 2-fold more species (F1,60 = 29.07, 
P < 0.001) were associated with prostrate morphs than with 
erect morphs of the same plant age (Fig. 1). Shannon diver-
sity was 1.3-fold greater on prostrate morphs than on erect 
plants (χ1 61

2
,  = −3.42, P = 0.001). Within trophic levels, her-

bivore abundance was 3-fold higher on prostrate than erect 
morphs (F1,60 = 32.66, P < 0.001), while herbivore richness 
was 1.4-fold higher (F1,60 = 18.57, P < 0.001, Fig. 1). Similarly, 
predator richness (χ1 62

2
,  = 46.29, P < 0.001) and abundance 

(F1,60 = 28.84, P < 0.001) were 2- and 3-fold higher, respec-
tively, on prostrate morphs (Fig. 1). Predator:herbivore abun-
dance ratio remained similar for both morphs (F1,50 = 3.27, 
P  =  0.076, Fig.  1), while predator:herbivore richness ratio 
was 1.2-fold greater in prostrate than on erect morphs 
(F1,54  =  11.32, P  =  0.001). When looking at the dominant 
galling herbivores, we found that the abundance of R.  cali-
fornica leaf galls was twice as great on prostrate than erect 
morphs (χ1 62

2
,  = 5.50, P = 0.019, Fig. 2). There was no dif-

ference in total rarefied richness among morphs, suggesting 
that diversity responses were driven by the overall higher 
abundances of arthropods on prostrate morphs (supplemen-
tary Table S1).

In contrast to their large response to architectural morph, 
we observed no response of any aspects of the arthropod 

Figure 1: arthropod community responses to Baccharis pilularis architectural morphs (erect vs prostrate): (A) total richness, (B) total abundance, 
(C) herbivore richness, (D) herbivore abundance, (E) predator richness, (F) predator abundance, (G) predator:herbivore richness and (H) 
predator:herbivore abundance. Bars represent means ± SE, asterisks denote statistically significant differences (P < 0.05).
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community we measured to nutrient fertilization, nor 
were there any interactions between morphs and nutri-
ents, with the exception of the dominant stem-galling 
moth, Gnorimoschema (supplementary Table S1 and Figure 
S1; Fig.  2). Overall, we found 1.3-fold greater abundance 
of stem galls on sugar and NPK treatments than in con-
trols (χ2 63

2
,  = 9.06, P = 0.0108), but importantly, there was 

a significant interaction between morph and nutrients 
(χ2 63

2
,  = 20.10, P < 0.0001). Specifically, NPK addition had 

opposite effects on the two morphs, increasing 50% on pros-
trate morphs, but reducing galling by 20% on erect morphs 
relative to unfertilized controls (Fig. 2).

In addition to the differences in arthropod richness and 
abundance, overall arthropod composition varied with erect 
and prostrate morphs (pseudo-F = 8.80, P = 0.0001), but not 
with the nutrient treatments (pseudo-F = 0.99, P = 0.4680) 
or interaction (pseudo-F = 1.05, P = 0.3842), having an aver-
age Bray–Curtis dissimilarity of 74.8% between architectural 
morphs and 74.08% between years (Fig. 3).

DISCUSSION
Our results suggest that intraspecific differences in a domi-
nant plant is more important than plant nutrient fertiliza-
tion in structuring an arthropod assemblage in the coastal 

dunes of California. While our common garden experiment 
showed consistently strong effects of erect versus pros-
trate Baccharis morphotypes on arthropod communities, 
there were minimal effects of nutrient fertilization during 
this 2-year study. Prostrate shrubs supported 2- to 3-fold 
more arthropod species and individuals, and these effects 
were consistent across herbivore and predator trophic lev-
els. From prior work in this experiment, Crutsinger et  al. 
(2014) showed that architectural morphs of Baccharis sup-
ported unique assemblages of aboveground community 
of foliage arthropods and litter microarthropods. A  suite 
of plant traits (leaf size, number of branches and branch 
length) and abiotic conditions, as part of the general phe-
notypic differences between the morphs, likely account for 
these arthropod responses. For example, prostrate shrubs 
provide a greater biomass, a deeper litter layer and a more 
humid environment (Crutsinger et al. 2010, 2014; Rudgers 
and Whitney 2006). These differences in the abiotic micro-
environment combined with the greater architectural com-
plexity of prostrate morphs may be the driving mechanism 
of differences in arthropod assemblages (Langellotto and 
Denno 2004).

Our study also provides further evidence for community 
specificity to intraspecific differences among plants (reviewed 
by Whitham et  al. 2012). For example, one of the earliest 
studies to find that genetic differences scale to the commu-
nity level was Maddox and Root (1987) who reported that 18 
clones of goldenrod (Solidago altissima) differed in resistance 
to 15 herbivorous insects. Since then, a growing number of 
studies using trees, shrubs, forbs and grasses have all observed 
that plant genotype shapes the plant-associated arthropod 
community (Faeth and Shochat 2010; Johnson and Agrawal 
2005; Rudgers and Whitney 2006; Wimp et al. 2005). The dif-
ferences among plant genotypes in arthropod diversity can 

Figure 3: a non-metric multidimensional scaling ordination of com-
munity composition based on Bray–Curtis dissimilarity showing 
differences due to architectural morphs (erect vs prostrate) and sam-
pling year (2010 and 2011). There were no significant effects of nutri-
ent addition or interactions with nutrient addition.

Figure 2: relationship between the number of Rhopalomyia californica 
leaf galls (A) and Gnorimoschema baccharisella stem galls (B) associated 
with Baccharis pilularis architectural morphs (erect vs prostrate) and 
nutrient treatments (sugar, control and NPK). Bars represent means 
± SE, asterisks denote statistically significant differences (P < 0.05).
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rival those among plant species (Crutsinger et al. 2006). Our 
results thus strengthen the evidence in support of the impor-
tance of intraspecific genetic variation in structuring plant-
associated communities.

Interestingly, we observed minimal effects of nutrient 
fertilization on arthropods. In a past study, we showed that 
the cover and biomass of the dominant understory plant 
species increased with NPK addition to Baccharis shrubs, 
indicating that our nutrient treatments were effective at 
reducing nutrient limitation in the dunes (Crutsinger et al. 
2013). Baccharis shrubs grow slowly, and we did not detect 
growth rate differences (crown circumference did not vary 
between treatments or years, P > 0.05). Yet, we found that 
the abundance of a dominant herbivore in this system, 
Gnorimoschema, responded to both Baccharis morphotype 
and fertilization interactively, increasing with NPK addi-
tion on prostrate morphs but decreasing with fertilization 
on erect morphs (Fig. 2). The branching architecture, num-
ber of buds per branch length or plant secondary chemistry 
could be underlying drivers of the alternative responses of 
different morphs, suggesting different resource dynamics 
or defensive chemistry between the two morphs (Larson 
and Whitham 1991). Galling insects are typically attracted 
to vigorously growing, high-nutrient plants (Moran and 
Goolsby 2014), which would support the positive correla-
tion on prostrate morphs. In addition, fertilizer additions 
may have increased the number of buds inside the plant 
canopy and hence the number of opportunities for galls 
to form. The decrease with fertilization on erect morphs 
is more puzzling to explain. One hypothesis is that nutri-
ent additions elevate defensive secondary chemistry in the 
erect morphs, which naturally receive higher loads of the 
stem galls than prostrate plants (Rudgers and Whitney 
2006). Thus, a decline in gall abundance with fertiliza-
tion could occur if plants shunt added nutrients toward 
increased production of defensive compounds. However, 
we currently lack information on differences in secondary 
chemistry between the morphs that would allow a test of 
this hypothesis.

To date, there has been little research on the interac-
tive effects of intraspecific differences and other drivers at 
the whole-community level. Previous work has primarily 
explored genotype and fertilization effects on insect perfor-
mance rather than abundance or composition (Mutikainen 
et  al. 2000; Osier and Lindroth 2001; Tomas et  al. 2011). 
For example, Osier and Lindroth (2001) found that gypsy 
moth (Lymantria dispar) larvae grew faster feeding on foli-
age under fertilizer addition, and this effect depended on 
plant genotype. Orians and Fritz (1996) found that her-
bivore abundances on S.  sericea interacted with genotype 
and NPK fertilization treatments. Specifically, they found 
that several herbivores were more abundant on fertilized 
plants, one was less abundant, and the abundance of oth-
ers did not change. Fertilization decreases woody plant 
resistance to insects by enhancing the nutritional quality of 

the plant and/or decreasing secondary metabolite concen-
trations (Herms 2002). However, genotypes may differ in 
their rates of nitrogen incorporation; thus, nutrient addi-
tion may trigger genotype-specific responses (Tomas et al. 
2011) in which some genotypes are more resistant in one 
environment, but more susceptible in another environ-
ment (Orians and Fritz 1996).

One of the goals of this study was to assess whether her-
bivores and predators respond differently to morphotype or 
soil nutrient fertilization. Predators responded as strongly 
as herbivores to plant morph, and both were unaffected by 
nutrient additions. While, to our knowledge, other studies 
have not explored the interactive effects of genotype and 
fertilization at different trophic levels, our results comple-
ment previous community genetics studies, in which plant 
genotypes have been shown to influence the abundance and 
richness of higher trophic levels. This result indicates that 
genotypic effects of plant host on herbivorous arthropods 
can cascade through the food web (Dickson and Whitham 
1996; Johnson 2008; Wimp et  al. 2005). Larger and com-
plex habitat in prostrate shrubs provides a range of favora-
ble conditions (e.g. microhabitat, food resources) than 
those in erect shrubs thus supporting more foliar arthro-
pods (Crutsinger et al. 2014), which in turn attracts natu-
ral enemies and explains the greater predator abundance, 
richness and predator:herbivore richness (Langellotto and 
Denno 2004).

Similarly, at the community level, arthropod composi-
tion varied with genotype and time, but not with nutri-
ents. The large variation in arthropod composition (74%) 
among morphs was maintained through time and also much 
stronger than temporal variability within a morph. This 
result further highlights the prevailing role of genetic dif-
ferences on associated communities (Whitham et al. 2012). 
Moreover, there was larger temporal variability in arthro-
pod community composition on erect plants compared to 
prostrate plants. We hypothesize that erect morphs are less 
protected from winds and dispersal immigration/emigration 
than are prostrate morphs; this difference in exposure could 
make them more sensitive to interannual variability in the 
environment, and therefore more variable in arthropod spe-
cies composition.

Taken together, our results demonstrated that intraspecific 
plant differences in Baccharis prevailed over nutrient fertiliza-
tion in structuring a plant-associated arthropod community. 
While some studies have shown that environmental varia-
tions such as the location of common garden experiments 
may swamp the effect of host plant genotype (Kittelson 
2004; Stiling and Rossi 1995; Tack et al. 2010; Tack and Roslin 
2011), our results confirm a strong role of intraspecific dif-
ferences in structuring dependent communities (Whitham 
et  al. 2012). The architectural traits of prostrate morphs 
may be the driving mechanism of differences in arthropod 
assemblages in Baccharis. The growing number of studies 
showing strong genotype than nutrient effects on associated 
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arthropod communities suggests that this might be a gen-
eralized pattern (Burkle et al. 2013; Mutikainen et al. 2000; 
Orians and Fritz 1996; Osier and Lindroth 2001; Tomas et al. 
2011). A comprehensive understanding of the role of G × E 
interactions will require careful, detailed study in a range of 
different systems.

SUPPLEMENTARY MATERIAL
Supplementary material is available at Journal of Plant Ecology 
online.

FUNDING
EEB summer grants from the Department of Ecology 
and Evolutionary Biology, University of Tennessee (to 
M.N.B.-G.  and M.A.R.-C.); the Miller Institute for Basic 
Research in Science (to G.M.C.).

ACKNOWLEDGEMENTS
We thank J.  Sones at BMR for research assistance. We gratefully 
acknowledge two anonymous reviewers who provided constructive 
comments on a previous version of this manuscript.
Conflict of interest statement. None declared.

REFERENCES
Anderson MJ (2001) A new method for non-parametric multivariate 

analysis of variance. Austral Ecol 26:32–46.

Bailey JK, Schweitzer JA, Rehill BJ, et al. (2004) Beavers as molecular 

geneticists: a genetic basis to the foraging of an ecosystem engi-

neer. Ecology 85:603–8.

Barbour MG (1973) Coastal Ecology, Bodega Head. Berkeley, CA: 

University of California Press.

Barbour RC, Baker SC, O’Reilly-Wapstra JM, et al. (2009) A footprint 

of tree-genetics on the biota of the forest floor. Oikos 118:1917–23.

Barbour MA, Rodriguez-Cabal MA, Wu ET, et  al. (2015) Multiple 

plant traits shape the genetic basis of herbivore community assem-

bly. Funct Ecol 29:995–1006.

Bolnick DI, Amarasekare P, Araújo MS, et al. (2011) Why intraspe-

cific trait variation matters in community ecology. Trends Ecol Evol 

26:183–92.

Burkle LA, Souza L, Genung MA, et al. (2013) Plant genotype, nutri-

ents, and G × E interactions structure floral visitor communities. 

Ecosphere 4:113.

Clarke K, Gorley R (2006) PRIMER, v6: User Manual/Tutorial. 

Plymouth, UK: PRIMER-E.

Coley PD, Bryant JP, Chapin FS III (1985) Resource availability and 

plant antiherbivore defense. Science 230:895–9.

Crutsinger GM, Carter BE, Rudgers JA (2013) Soil nutrients trump 

intraspecific effects on understory plant communities. Oecologia 

173:1531–8.

Crutsinger GM, Collins MD, Fordyce JA, et al. (2006) Plant genotypic 

diversity predicts community structure and governs an ecosystem 

process. Science 313:966–8.

Crutsinger GM, Rodriguez-Cabal MA, Roddy AB, et al. (2014) Genetic 

variation within a dominant shrub structures green and brown 

community assemblages. Ecology 95:387–98.

Crutsinger GM, Strauss SY, Rudgers JA (2010) Genetic variation 

within a dominant shrub species determines plant species coloni-

zation in a coastal dune ecosystem. Ecology 91:1237–43.

Denno RF, Gratton C, Peterson MA, et al. (2002) Bottom-up forces 

mediate natural-enemy impact in a phytophagous insect commu-

nity. Ecology 83:1443–58.

Dickson LL, Whitham TG (1996) Genetically-based plant resistance 

traits affect arthropods, fungi, and birds. Oecologia 106:400–6.

Faeth SH, Shochat E (2010) Inherited microbial symbionts increase 

herbivore abundances and alter arthropod diversity on a native 

grass. Ecology 91:1329–43.

Flora of North America Editorial Committee (1993+) Flora of North 

America North of Mexico. New York, NY: Oxford University Press.

Forkner RE, Hunter MD (2000) What goes up must come down? 

Nutrient addition and predation pressure on oak herbivores. 

Ecology 81:1588–600.

Fritz RS (1990) Effects of genetic and environmental variation on 

resistance of willow to sawflies. Oecologia 82:325–32.

Gruner DS (2004) Attenuation of top-down and bottom-up forces in 

a complex terrestrial community. Ecology 85:3010–22.

Hartvigsen G, Wait D, Coleman J (1995) Tri-trophic interactions 

influenced by resource availability: predator effects on plant per-

formance depend on plant resources. Oikos 74:463–8.

Herms DA (2002) Effects of fertilization on insect resistance of woody 

ornamental plants: reassessing an entrenched paradigm. Environ 

Entomol 31:923–33.

Hersch-Green EI, Turley NE, Johnson MT (2011) Community genet-

ics: what have we accomplished and where should we be going? 

Philos Trans R Soc B Biol Sci 366:1453–60.

Hughes AR, Inouye BD, Johnson MT, et al. (2008) Ecological conse-

quences of genetic diversity. Ecol Lett 11:609–23.

Hurd LE, Wolf LL (1974) Stability in relation to nutrient enrichment 

in arthropod consumers of old-field successional ecosystems. Ecol 

Monogr 44:465–82.

Johnson MT (2008) Bottom-up effects of plant genotype on aphids, 

ants, and predators. Ecology 89:145–54.

Johnson MT, Agrawal AA (2005) Plant genotype and environment 

interact to shape a diverse arthropod community on evening prim-

rose (Oenothera biennis). Ecology 86:874–85.

Johnson MT, Dinnage R, Zhou AY, et al. (2008) Environmental vari-

ation has stronger effects than plant genotype on competition 

among plant species. J Ecol 96:947–55.

Johnson MT, Lajeunesse MJ, Agrawal AA (2006) Additive and inter-

active effects of plant genotypic diversity on arthropod communi-

ties and plant fitness. Ecol Lett 9:24–34.

Karban R (1987) Effects of clonal variation of the host plant, inter-

specific competition, and climate on the population size of a foli-

vorous thrips. Oecologia 74:298–303.

Keith AR, Bailey JK, Whitham TG (2010) A genetic basis to commu-

nity repeatability and stability. Ecology 91:3398–406.

Kirchner TB (1977) The effects of resource enrichment on the 

diversity of plants and arthropods in a shortgrass prairie. Ecology 

58:1334–44.

 at U
niversity of N

ew
 M

exico on N
ovem

ber 2, 2016
http://jpe.oxfordjournals.org/

D
ow

nloaded from
 

http://jpe.oxfordjournals.org/


Page 8 of 8 Journal of Plant Ecology

Kittelson PM (2004) Sources of variation in insect density on Lupinus 

arboreus Sims: effects of environment, source population and plant 

genotype. Am Midl Nat 152:323–35.

La Pierre KJ, Smith MD (2016) Soil nutrient additions increase inver-

tebrate herbivore abundances, but not herbivory, across three 

grassland systems. Oecologia 180:485–97.

Langellotto GA, Denno RF (2004) Responses of invertebrate natural 

enemies to complex-structured habitats: a meta-analytical synthe-

sis. Oecologia 139:1–10.

Larson KC, Whitham TG (1991) Manipulation of food resources by 

a gall-forming aphid: the physiology of sink-source interactions. 

Oecologia 88:15–21.

Maddox G, Root R (1987) Resistance to 16 diverse species of herbivo-

rous insects within a population of goldenrod, Solidago altissima: 

genetic variation and heritability. Oecologia 72:8–14.

Maun MA (2009) The Biology of Coastal Sand Dunes. Oxford, UK: 

Oxford University Press.

McLendon T, Redente EF (1992) Effects of nitrogen limitation on spe-

cies replacement dynamics during early secondary succession on a 

semiarid sagebrush site. Oecologia 91:312–7.

Moran PJ, Goolsby JA (2014) Effect of nitrogen fertilization on 

growth of Arundo donax and on rearing of a biological control 

agent, the shoot gall-forming wasp Tetramesa romana. Biocontrol Sci 

Technol 24:503–17.

Mutikainen P, Walls M, Ovaska J, et al. (2000) Herbivore resistance 

in Betula pendula: effect of fertilization, defoliation, and plant geno-

type. Ecology 81:49–65.

Orians CM, Fritz RS (1996) Genetic and soil-nutrient effects on the 

abundance of herbivores on willow. Oecologia 105:388–96.

Osier TL, Lindroth RL (2001) Effects of genotype, nutrient availabil-

ity, and defoliation on aspen phytochemistry and insect perfor-

mance. J Chem Ecol 27:1289–313.

Pierik M, Van Ruijven J, Bezemer TM, et al. (2011) Recovery of plant 

species richness during long-term fertilization of a species-rich 

grassland. Ecology 92:1393–8.

Rudgers JA, Whitney KD (2006) Interactions between insect herbi-

vores and a plant architectural dimorphism. J Ecol 94:1249–60.

Sanders NJ, Weltzin JF, Crutsinger GM, et al. (2007) Insects mediate 

the effects of propagule supply and resource availability on a plant 

invasion. Ecology 88:2383–91.

Schädler M, Brandl R, Kempel A (2010) Host plant genotype deter-

mines bottom-up effects in an aphid-parasitoid-predator system. 

Entomol Exp Appl 135:162–9.

Schweitzer JA, Bailey JK, Fischer DG, et  al. (2008) Plant-soil-

microorganism interactions: heritable relationship between plant 

genotype and associated soil microorganisms. Ecology 89:773–81.

Siemann E (1998) Experimental tests of effects of plant produc-

tivity and diversity on grassland arthropod diversity. Ecology 

79:2057–70.

Stiling P, Bowdish TI (2000) Direct and indirect effects of plant clone 

and local environment on herbivore abundance. Ecology 81:281–5.

Stiling P, Rossi AM (1995) Coastal insect herbivore communities are 

affected more by local environmental conditions than by plant 

genotype. Ecol Entomol 20:184–90.

Strauss SY (1987) Direct and indirect effects of host-plant fertilization 

on an insect community. Ecology 68:1670–8.

Strauss SY (1990) The role of plant genotype, environment and gender 

in resistance to a specialist chrysomelid herbivore. Oecologia 84:111–6.

Tack AJ, Ovaskainen O, Pulkkinen P, et  al. (2010) Spatial location 

dominates over host plant genotype in structuring an herbivore 

community. Ecology 91:2660–72.

Tack AJ, Roslin T (2011) The relative importance of host-plant genetic 

diversity in structuring the associated herbivore community. 

Ecology 92:1594–604.

Thompson AE, Lee CW, Gass RE (1995) Development of hybrid 

Baccharis plants for desert landscaping. Hortscience 30:1357–62.

Tomas F, Abbott J, Steinberg C, et al. (2011) Plant genotype and nitro-

gen loading influence seagrass productivity, biochemistry, and 

plant-herbivore interactions. Ecology 92:1807–17.

Whitham TG, Gehring CA, Lamit LJ, et al. (2012) Community speci-

ficity: life and afterlife effects of genes. Trends Plant Sci 17:271–81.

Williams RS, Avakian MA (2015) Colonization of Solidago altissima by 

the specialist aphid Uroleucon nigrotuberculatum: effects of genetic 

identity and leaf chemistry. J Chem Ecol 41:129–38.

Wimp GM, Martinsen GD, Floate KD, et al. (2005) Plant genetic deter-

minants of arthropod community structure and diversity. Evolution 

59:61–9.

Wimp G, Wooley S, Bangert R, et al. (2007) Plant genetics predicts 

intra-annual variation in phytochemistry and arthropod commu-

nity structure. Mol Ecol 16:5057–69.

 at U
niversity of N

ew
 M

exico on N
ovem

ber 2, 2016
http://jpe.oxfordjournals.org/

D
ow

nloaded from
 

http://jpe.oxfordjournals.org/

