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ABSTRACT 

The resource concentration hypothesis states that specialist herbivorous insects would 
be more abundant in larger patches of a host plant species. Studies have extended this 
hypothesis to generalist herbivorous species, showing that they follow the same trend 
albeit to a lesser degree. Evidence for this hypothesis is variable in agricultural ecosystems 
and its validity in natural habitats is unknown. Through examining the abundance of 
herbivory marks on two dominant shrub species in the montane chapparal ecosystem, 
we explored herbivore abundance in relation to patch size and habitat complexity 
depending on the spatial distribution of shrubs. We found that the resource 
concentration hypothesis cannot be generally applied to specialist or generalist 
herbivores utilizing the same host plant species. Herbivore population trends must be 
determined on a species level, as differences in life history and dispersal abilities can 
greatly affect distribution. Thus, the resource concentration hypothesis cannot be 
generally applied to various herbivorous insect species or host plant species. Our results 
further imply that the resource concentration hypothesis as an overarching argument for 
polyculture in agriculture requires re-examination. More research into individual 
herbivore species is needed to determine the population trends of pests on crop species 
and the effects of different crop distribution patterns on herbivore abundance. 
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INTRODUCTION  

The population dynamics of insect 
herbivores may be strongly influenced by 
the spatial distribution of their host plant 
species (Root 1973, Rhainds and English-
Loeb 2003). The resource concentration 
hypothesis (RCH) seeks to explain the 
interaction between herbivore abundance 
and host plant distribution (Root 1973). It 
predicts that 1) specialist herbivorous 

insects are more abundant in larger patches 
of host plants and 2) local plant diversity can 
suppress the density of specialist herbivores 
by decreasing immigration and increasing 
emigration (Root 1973, Kareiva 1983). More 
specifically, if an herbivorous insect 
encounters a densely concentrated area of 
its desired host plant, it is more likely to land 
due to an uninterrupted range of visual and 
olfactory cues and to stay longer due to an 
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abundance of resources (O’Rourke and 
Petersen 2017). Several studies have found 
that herbivore density can be positively, 
negatively, or neutrally associated with host 
plant concentration (Jones 1977, Denno et 
al. 1981, McLain 1981, MacGarvin 1982, 
Kareiva 1985, Bach 1988a, Grez and 
González 1995, Rhainds and English-Loeb 
2003). Since the resource concentration 
hypothesis has mostly been applied to pest 
control strategies in agriculture (e.g., 
growing one or multiple crop species in the 
same space), there is a distinct lack of 
examination of the RCH in natural habitats 
where multiple host plant and herbivore 
species interact. To better understand the 
RCH in a natural habitat, it is necessary to 
examine herbivore abundance responding 
to host plant concentration on multiple 
spatial scales across different species.  

The resource concentration hypothesis 
not only focuses on herbivory abundance as 
determined by host plant patch size but also 
herbivore dispersal as determined by the 
complexity of the landscape. Previous 
studies seldomly experimented with a wide 
range of patch sizes and rarely considered 
resource distribution on various spatial 
scales (Bach 1988b, Connor et al. 2000, 
Rhainds and English-Loeb 2003). According 
to the RCH, the center of a patch is a simple 
landscape with a high concentration of the 
host plant species. The edge of a patch is a 
more complex landscape because it may be 
next to other plant species and bare ground 
(O’Rourke and Petersen 2017). When 
patches make up a habitat of host plant 
species, a center patch is a simple landscape 
surrounded by patches of the same species. 
An edge patch would constitute a complex 
landscape that has a low concentration of 
the host plant species. A complex landscape 
with host plant, non-host plant, and bare 

ground would suppress herbivore 
abundance because the mix of visual and 
chemical cues would decrease immigration 
while the lack of concentrated vegetation 
matter would increase emigration (Root 
1973, Risch 1981, Grez and González 1995, 
O’Rourke and Petersen 2017). The 
compounding effects of resource 
concentration on two spatial scales indicate 
that the center of a center patch would 
support the highest abundance of 
herbivores, while the edge of an edge patch 
would support the lowest abundance of 
herbivores. These distribution patterns are 
often found in nature but have not been 
readily studied.  

A suitable natural habitat for a broad 
examination of the resource concentration 
hypothesis is the California montane 
chaparral due to its fauna and distinct spatial 
pattern of plant species. The montane 
chaparral habitat arranges itself as mostly 
contiguous clusters of shrubs over a 
relatively small geographical area. Such 
environment provides a wide range of shrub 
patch sizes and varying landscape 
complexity, two factors integral to the 
resource concentration hypothesis (Root 
1973, Kareiva 1983, Bach 1988a). Locally, a 
single patch of shrub with overlapping 
canopy is clearly defined and constitutes a 
simple landscape of only one host plant 
species. On the habitat level, an aggregate of 
shrub species constitutes a complex 
landscape of host and non-host plants. No 
previous study has examined a gradient of 
patch sizes at various landscape complexity 
(Bach 1988a, Connor et al. 2000, O’Rourke 
and Petersen 2017). Furthermore, studying 
the montane chaparral shrubs at the end of 
a growth year would provide a unique 
opportunity to look at the accumulation of 
generalist and specialist herbivory (Valenti 
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1997, Parker et al. 2016). Although the 
resource concentration hypothesis has been 
initially proposed for specialist herbivores, 
studies have shown that generalists also 
aggregate to areas with higher 
concentration of host plants, albeit being 
affected to a lesser extent than specialists 
(Risch 1981, Finch and Collier 2000, Moreira 
et al. 2016). Overall, the characteristics of 
the montane chaparral habitat allow for the 
examination of the relationship between 
herbivorous insect abundance and host 
plant spatial patterns.  

In order to explore trends of herbivore 
abundance in relation to host plant resource 
concentration in the montane chaparral, this 
study tested the following predictions: 1) 
both generalist and specialist herbivore 
abundances increase as host plant patch size 
increases, 2) both the generalist and specialist 
herbivores would be found the most 
abundant on the interior of a center patch 
and the least abundant on the exterior of an 
edge patch, and 3) the same trends can be 
observed across different host plant species. 

METHODS 

We conducted an observational study in the 
montane chapparal habitat at Valentine 
Camp (Valentine) in Mammoth Lakes, 
California, USA (N 37.630887°, W 
118.995540°). The Valentine montane 
chapparal habitat experiences an average 
precipitation of 51 to 64 centimeters per 
year. The temperature ranges from a lowest 
of -10°C in January to a highest of 25°C in 
July. It is characterized in part by montane 
chapparal habitat dominated by greenleaf 
manzanita (Arctostaphylos patula, hereafter 
“manzanita”) and the mountain whitethorn 
ceanothus (Ceanothus cordulatus, hereafter 
“ceanothus”). Other shrub species include 

sagebrush (Artemisia tridentata) and 
huckleberry oak (Quercus vacciniifolia). The 
manzanita serves as a host to a variety of 
insects primarily in the orders Orthoptera, 
Coleoptera, and Lepidoptera (Valenti 1997). 
The ceanothus hosts many species of 
Lepidoptera (“mountain whitethorn, 
Ceanothus cordulatus” n.d.) and likely other 
herbivore species that can be found on the 
manzanita in the same area. This diverse 
assemblage of insects that rely on the 
manzanita and the ceanothus lead to 
herbivory patterns that are caused by a mix 
of specialist and generalist herbivores. In 
particular, the manzanita hosts the specialist 
manzanita leaf gall aphid (Tamalia coweni) 
that produces leaf galls in manzanita patches 
(Valenti 1997). All patches of manzanita or 
ceanothus exhibit a range of patch size, and 
observationally each patch possess similar 
branch density. All data was collected from 
Oct. 29 to Nov. 1, 2022, right before the first 
substantial snow of the season, over the 
small but concentrated montane chaparral 
habitat accessible by the meadow trail in the 
northern part of Valentine (Fig. 1). 

We defined a patch of chaparral shrub as 
an individual or multiple individual plants 
with overlapping canopy and clear 
separation from other individuals of the 
same species. For each patch of manzanita 
or ceanothus that we sampled, we measured 
the length and the width using range finders. 
We stood at opposing corners of the patch, 
and recorded the measurement displayed. 
Additionally, we determined the position of 
the patch in the habitat (“edge” or “center”) 
by observing the presence and position of 
patches of the same plant species (Fig. 2). If 
the patch was surrounded by patches of the 
same species, we labeled it a center patch. If 
it did not have neighboring patches of the 



  
 

 

CEC Research | https://doi.org/10.21973/N3KQ16    Fall 2022 Vol. 6, Issue 3 4/15 

 

Figure 1: Map of the sampling area of the montane 
chaparral ecosystem at Valentine Camp. We 
sampled 44 patches of the Greenleaf manzanita 
(Arctostaphylos patula) and 45 patches of the 
whitethorn ceanothus (Ceanothus cordulatus) in this 
area on a hillside at Valentine. Light yellow: area of 
Valentine Camp where we sampled ceanothus and 
manzanita patches. Blue pin: location of the Valentine 
Camp Headquarters. 

same species for at least 120° on one side 
within 10 m, we labeled it an edge patch. On 
each patch we sampled four branches at the 
center of the patch and four branches on the 
edge of the patch, noting the position of the 
branch in the patch (“exterior” or “interior”). 
We sampled two of the branches at the 
uphill and downhill sides of each patch, and 
we sampled the other two branches 90° 
away from the uphill and downhill sides 
respectively (Fig. 3). From the tip of each 
sampled branch inward, we examined 50 
leaves for each branch, thus for each patch 
400 leaves were examined.  

On the leaves we noted the relative 
abundance of herbivory marks as an 
indicator of herbivore abundance. We 
categorized the herbivory present on 
manzanita and ceanothus into three 
herbivory types: margin feeding on leaf, hole 
feeding on leaf, tissue damage on leaf with 
two more categories¾leaf gall and fruit gall 

 

Figure 2: Categorization of center vs. edge patches in 
montane chaparral habitat at Valentine Camp. On 
the left panel, a center patch is marked, surrounded 
by other patches of the same species. On the right 
panel, an edge patch is marked. A patch is 
characterized as an edge if there are no neighboring 
patches of the same species in any direction along a 
120° angle.  

 

Figure 3: Sampling of branches on a patch of 
manzanita or ceanothus in montane chaparral 
habitat at Valentine Camp. We sampled 8 branches 
on each shrub patch: 4 along the edge of the patch, 4 
in the center of the patch. We sampled branches on 
the uphill side, the downhill side, and on two more 
sides 90° away from uphill and downhill respectively. 
For each branch sampled, we counted herbivory 
marks on 50 leaves. Red: exterior branch, Blue: 
interior branch. 

¾added for manzanita only (Fig. 4). We 
were not able to determine all insect species 
in the different herbivory categories, but we 
separated all visible herbivory marks into the 
five categories to account for the 
incomparable nature of different herbivory 
damage (Cronin et al. 2015). Margin feeding, 
hole feeding, and tissue damage on both the 
manzanita and the ceanothus are likely to be 
caused by a mix of generalist and specialist 
species in the orders Orthoptera, 
Coleoptera, and Lepidoptera (Valenti 1997). 
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The leaf gall on the manzanita is caused by 
the specialist manzanita leaf gall aphid 
(Valenti 1997), and the fruit gall is similarly a 
specialist species that is unidentified. We 
defined margin feeding as leaf missing in 
chunks on the edge. We defined hole 
feeding as leaf missing in chunks in the 
middle. We defined leaf tissue damage as 
damage to any part of a leaf that does not 
create a through hole but rather different 
degrees of discoloration and transparency. 
On manzanita, leaf galls were bright red or 
wilted hard growth and curling on the edge 
of a leaf. Fruit galls were red and pale-yellow 
bumpy growths that mimic fruits on the 
fruiting bodies on a branch. We only found 8 
leaf galls and no fruit galls on the sampled 
ceanothus patches. Thus, we did not include 
leaf gall or fruit gall as a category for the 
ceanothus.  

We counted the number of leaves out of 
50 that exhibited different types of 
herbivories for each branch with clickers. We 
only counted a leaf in one category once, i.e., 
if a leaf had two holes in the middle, we did 
not count it twice in the hole feeding 
herbivory category. We did count a leaf in 
multiple categories, i.e., if a leaf has both 
tissue damage and leaf gall, we counted it 
once in both categories. We counted fruit 
galls on the manzanita when they are on the 
sampled branches.  
 

 

Figure 4: Five categories of herbivories on the two 
dominant montane chaparral species at Valentine 
Camp. Margin feeding is bites off the edge of a leaf. 
Hole feeding is bites in the center of a leaf, going 
through all the way. Tissue damage is discoloration, 
or any damage done to only a single side of a leaf. Leaf 
galls are bright red or wilted hard growths that curl at 
the edge of a leaf. Fruit galls are bumpy red growths 
that mimic the fruit on the fruiting bodies. All five 
categories were examined on manzanita. No galls 
were examined on ceanothus, so only the first three 
categories were examined on ceanothus. 

We sampled 44 patches of manzanita, out 
of which 22 were edge patches and 22 were 
center patches in the habitat. We also 
sampled 45 patches of ceanothus, out of 
which 23 were edge patches and 22 were 
center patches. Out of all leaf herbivory 
counted, margin feeding was the most 
abundant and tissue feeding was the next 
most abundant type (Table 1). Leaf galls 
were present on all manzanita patches 
except for three, and fruit galls were present 
on all manzanita patches except for nine.  

 

  

Fig. 4
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We calculated the patch size by the oval 
area formula !!"#$%&

'
" ×	(()*%&

'
) × 𝜋. We 

calculated a natural log of all patch size to 
normalize the data distribution. For each 
branch under the categories margin feeding 
herbivory, hole feeding herbivory, and leaf 
tissue damage respectively, we calculated 
the proportion of leaf with herbivory marks 
by (#	-.	!"/0"1	)#	"/2&	2/%"$-34

56
). For each 

patch we averaged these proportions over 
the whole patch (8 branches) for comparing 
the herbivory mark abundance against 
different patch sizes. We also averaged 
these proportions over the two separate 
categories of branch position in a patch (4 
branch each). We summed the numbers of 
leaf and fruit galls on each manzanita branch 
over the whole patch (8 branches) as well as 
over the two categories of branch position in 
a patch (4 branches each). 

All statistical analyses were conducted in 
JMP statistical software v16 (SAS institute 
inc.). We conducted five linear regressions to 
test the relationship between patch size and 
the relative abundance of the five types of 
herbivories in manzanita. We conducted 
three linear regressions to test the 
relationship between patch size and the 
relative abundance of the three types of 
herbivories in ceanothus. We conducted 
eight two-way ANOVAs in order to test the 
main effect of position of branch in a local 
patch (“interior” vs. “exterior), the main 
effect of position of a local patch in the 
habitat (“center” vs. “edge”), and their 
interaction on the different types of 
herbivories on the manzanita and the 
ceanothus. For any significant differences, 
we ran Tukey HSD post-hoc tests.  

RESULTS 

Patch size had no effect on the amount of 
margin feeding, hole feeding, tissue damage, 
or leaf galls in manzanita (Fig. 5). Patch size 
also had no effect on the amount of margin 
feeding, or tissue damage in ceanothus. 
However, the sum of fruit galls on 
manzanita, and the amount of hole feeding 
increased as patch size increased.  

Effects of branch location and patch 
position in the habitat had variable effects 
among different herbivory types in 
manzanita and ceanothus (Table 2). In 
manzanita, the relative abundance of margin 
feeding did not change between the interior 
and exterior branches of a patch but 
increased in patches at the edge of a habitat 
(Fig. 6). The interactive effect between 
position of branch and position of habitat 
had no effect on the relative abundance of 
margin feeding in manzanita. In ceanothus, 
the relative abundance of margin feeding 
increased in the interior branches of a patch 
and also increased in patches at the edge of 
a habitat. The interactive effect between 
position of branch and position of habitat 
had no effect on the relative abundance of 
margin feeding in ceanothus.  
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Figure 5: The effect of patch size on different types 
of herbivories in both manzanita and ceanothus 
patches at Valentine Camp. We sampled 44 patches 
of the greenleaf manzanita (Arctostaphylos patula) 
and 45 patches of the whitethorn ceanothus 
(Ceanothus cordulatus) in the montane chaparral at 
Valentine. We measured patch size of shrubs, 
examined the relative abundance of margin feeding, 
hole feeding, tissue damage on manzanita and 
ceanothus, and examined the sum of leaf and fruit 
galls on sampled branches on manzanita. Column 1, 
row 1: The effect of patch size on proportion of leaves 
with margin feeding in manzanita. Column 1, row 2: 
The effect of patch size on proportion of leaves with 
margin feeding in ceanothus. There was no 
relationship between proportion of leaves with 
margin feeding compared to patch size on both 
manzanita and ceanothus. Column 2, row 1: The 
effect of patch size on proportion of leaves with hole 
feeding in manzanita. Column 2, row 2: The effect of 
patch size on proportion of leaves with hole feeding 
in ceanothus. There was no relationship between the 
proportion of leaves with hole feeding and patch size 
on manzanita. There was a positive relationship 
between proportion of leaves with hole feeding and 
patch size on ceanothus. Column 3, row 1: The effect 
of patch size on proportion of leaves with tissue 
damage in manzanita. Column 3, row 2: The effect of 
patch size on proportion of leaves with tissue damage 
in ceanothus. There was no relationship between 
proportion of leaves with margin feeding and patch 
size on both manzanita and ceanothus. Column 4, row 
1: The effect of patch size on sum of leaf galls in 
manzanita. There was no relationship between the 
number of leaf galls and patch size on manzanita. 
Column 5, row 1: The effect of patch size on number 
of fruit galls on 50 leaves in manzanita. There was a 
positive relationship between the number of fruit 
galls and patch size on manzanita; as patch size 
increased, number of fruit galls increased. 
Pproportion of leaves with margin feeding for 
manzanita = 0.2634, Pproportion of leaves with hole 
feeding for manzanita = 0.1540, P proportion of 
leaves with tissue damage for manzanita = 0.3295. 
Psum of leaf gall in manzanita = 0.5325, P sum of fruit 
gall for manzanita = 0.0042, Pproportion of leaves 
with margin feeding for ceanothus = 0.0674, 
Pproportion of leaves with hole feeding for ceanothus 
= 0.0188, Pproportion of leaves with tissue damage 
for ceanothus = 0.1124. Purple: manzanita. Orange: 
ceanothus. 
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Figure 6: The effect of position of patch and branch on the average proportion of margin feeding in both the 
manzanita and the ceanothus at Valentine Camp. We conducted the sampling at Valentine Eastern Sierra Reserve. 
We sampled 44 patches of the greenleaf manzanita (Arctostaphylos patula) and 45 patches of the whitethorn 
ceanothus (Ceanothus cordulatus) in the montane chaparral habitat. We measured patch size of shrubs, examined 
the relative abundance of margin feeding, hole feeding, tissue damage on manzanita and ceanothus, and examined 
the sum of leaf and fruit galls on sampled branches on manzanita. We counted 50 leaves on each branch, 8 branches 
per patch. For manzanita, there was no relationship between the amount of margin feeding and the position of the 
patch and the branch. However, there was more margin feeding on edge patches than on center patches. Similarly, 
with ceanothus, there was no relationship between the amount of margin feeding and the position of the patch and 
the branch. For ceanothus, there was more margin feeding on interior branches than on exterior branches, and more 
margin feeding on edge patches overall. Nmanzanita = 11, Nceanothus = 11.5. Pposition of branch in a patch for 
manzanita = 0.5497, Pposition of patch in a habitat for manzanita = 0.0003, Pinteractive effect for manzanita = 
0.9376. Pposition of branch in a patch for ceanothus = 0.0030, Pposition of patch in a habitat for ceanothus <0.0001, 
Pinteractive effect for ceanothus= 0.2528. Dark purple: interior manzanita branch, dark orange: interior ceanothus 
branch, light purple: exterior manzanita branch, light orange: exterior ceanothus branch. 
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Figure 7: The effect of position of patch and branch on the average proportion of hole feeding in both the 
manzanita and the ceanothus at Valentine Camp. We conducted this at Valentine Eastern Sierra Reserve. We 
sampled 44 patches of the greenleaf manzanita (Arctostaphylos patula) and 45 patches of the whitethorn ceanothus 
(Ceanothus cordulatus) in the montane chaparral habitat. We measured patch size of shrubs, examined the relative 
abundance of margin feeding, hole feeding, tissue damage on manzanita and ceanothus, and examined the sum of 
leaf and fruit galls on sampled branches on manzanita. We counted 50 leaves on each branch, 8 branches per patch. 
For manzanita, there was a relationship between the number of leaves with hole feeding and the position of the 
patch and the branch. There was more hole feeding herbivory on interior branches than exterior branches, on both 
center and edge patches. For ceanothus, there was no relationship between the number of leaves with hole feeding 
and position of patch and the branch. However, there was a relationship between hole feeding and the interactive 
effect of the patch position and branch location. Nmanzanita = 11, Nceanothus = 11.5, Pposition of branch in a patch 
for manzanita = 0.0011, Pposition of patch for a habitat in manzanita = 0.3177, Pinteractive effect for manzanita = 
0.1938, Pposition of branch in a patch for ceanothus = 0.1844, Pposition of patch for a habitat in ceanothus = 0.0591, 
Pinteractive effect for ceanothus = 0.0366. Dark purple: interior manzanita branch, dark orange: interior ceanothus 
branch, light purple: exterior manzanita branch, light orange: exterior ceanothus branch. 

 
In manzanita, the relative abundance of 

hole feeding increased in the interior 
branches of a patch but did not change 
between the edge and center of a habitat 
(Fig. 7). The interactive effect between 
position of branch and position of habitat 
had no effect on the relative abundance of 
hole feeding in manzanita. In ceanothus, the 
relative abundance of hole feeding did not 
change between interior and exterior 

branches or between the edge and center of 
a habitat. However, interior branches of 
patches in the center of a habitat had the 
largest relative abundance of hole feeding, 
while interior branches on the edge of a 
habitat had the lowest, showing that the 
effects of branch position are dependent on 
the branch position in the habitat. 
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Figure 8: The average proportion of leaves with tissue damage increases in edge patches in both the manzanita 
and the ceanothus at Valentine Camp. We conducted this at Valentine Eastern Sierra Reserve. We sampled 44 
patches of the greenleaf manzanita (Arctostaphylos patula) and 45 patches of the whitethorn ceanothus (Ceanothus 
cordulatus) in the montane chaparral habitat. We measured patch size of shrubs, examined the relative abundance 
of margin feeding, hole feeding, tissue damage on manzanita and ceanothus, and examined the sum of leaf and fruit 
galls on sampled branches on manzanita. We counted 50 leaves on each branch, 8 branches per patch. For 
manzanita, there was no relationship between the amount of leaves with tissue damage and position of the patch 
and the branch. However, there was more tissue damage on interior branches of patches. Similarly, for ceanothus, 
there was no relationship between the amount of leaves with tissue damage and position of the patch and the 
branch. For ceanothus, there was more tissue damage on the exterior branches of the patches overall. Nmanzanita 
= 11, Nceanothus = 11.5, Pposition of branch in a patch for manzanita = 0.5700, Pposition of patch in a habitat for 
manzanita = 0.5256, Pinteractive effect for manzanita = 0.8410, Pposition of branch in a patch for ceanothus = 
0.1491, Pposition of patch in a habitat for ceanothus = .6293, Pinteractive effect for ceanothus = 0.6624. Dark purple: 
interior manzanita branch, dark orange: interior ceanothus branch, light purple: exterior manzanita branch, light 
orange: exterior ceanothus branch. 

In manzanita, the relative abundance of 
tissue damage did not change between 
interior and exterior branches or between 
the edge and center of a habitat (Fig. 8). The 
interactive effect between position of 
branch and position of habitat had no effect 
on the relative abundance of tissue damage 
in manzanita. In ceanothus, the relative 
abundance of tissue damage did not change 
between interior and exterior branches or 
between the edge and center of a habitat. 
The interactive effect between position of 
branch and position of habitat had no effect 
on the relative abundance of tissue damage 
in ceanothus. 

In manzanita, the number of leaf galls 
increased in the interior branches of a patch 
but did not change between patches in the 
edge and center of a habitat (Fig. 9). The 
interactive effect between position of 
branch and position of habitat had no effect 
on the number of leaf galls in manzanita. The 
number of fruit galls did not change between 
interior and exterior branches or between 
the edge and center of a habitat (Fig. 10). 
The interactive effect between position of 
branch and position of habitat had no effect 
on the number of fruit galls in manzanita.  
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Figure 9: The average proportion of leaf galls 
compared to position patch and the branch on 
manzanita at Valentine Camp. We conducted this at 
Valentine Eastern Sierra Reserve. We sampled 44 
patches of the greenleaf manzanita (Arctostaphylos 
patula) in the montane chaparral habitat. We 
counted the leaf galls on the 50 leaves on each 
branch, 8 branches per patch. There was a 
relationship between leaf galls and the position of the 
branch. On manzanita, there were more leaf galls of 
the interior branches of patches than the exterior 
branches. Nmanzanita =11. Pposition of branch in a 
patch = 0.0011, Pposition of patch in a habitat = 
0.3177, Pinteractive effect = 0.1938. Dark purple: 
interior manzanita branch, light purple: exterior 
manzanita branch. 

 

Figure 10: The average proportion of fruit galls 
compared with position of patch and branch on 
manzanita at Valentine Camp. We conducted this at 
Valentine Eastern Sierra Reserve. We sampled 44 
patches of the greenleaf manzanita (Arctostaphylos 
patula) in the montane chaparral habitat. We 
counted the fruit galls on the branches we counted 
the leaves on, for 8 branches per patch. There was no 
relationship between the amount of fruit galls and 
the position of the patch or the branch. However, the 
interior branches had more fruit galls than exterior 
branches. Nmanzanita = 11. Pposition of branch in a 
patch = 0.1327, Pposition of patch in a habitat = 
0.3027, Pinteractive effect = 1.0000. Dark purple: 
interior manzanita branch, light purple: exterior 
manzanita branch.

DISCUSSION 

Overall, we did not find conclusive support 
for the resource concentration hypothesis 
(RCH) across the spatial scales we examined 
in herbivore abundances on the Greenleaf 
manzanita and the whitethorn ceanothus in 
the montane chaparral habitat. Out of the 
eight types of herbivories we examined, Only 
the sum of fruit galls on the manzanita and 
the averaged proportion of leaf with hole 
feeding on the ceanothus increased with an 
increase in patch size. Furthermore, only the 
averaged proportion of leaf with hole 
feeding on the ceanothus exhibited the 
expected relationship between herbivore 

abundance and the interactive effect of the 
host plant resource distribution on the two 
spatial scales. The underlying mechanisms 
driving herbivore distribution such as local 
dispersal of individuals, female oviposition 
preferences, and interspecific competition 
impact a species’ response to resource 
concentration to different extents (Bach 
1988a, Grez and González 1995, Connor et 
al. 2000, Finch and Collier 2000, Rhainds and 
English-Loeb 2003). 

The margin feeding, hole feeding, and 
tissue damage found on the manzanita are 
caused by a mix of generalist and specialist 
species with different dispersal tendencies, 
which is probably why the abundances of 
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these categories do not follow the 
predictions of RCH. Although the abundance 
of both specialist and generalist herbivores 
can be positively impacted in the context of 
resource concentration hypothesis, 
specialist herbivores are known to be more 
impacted by host plant spatial patterns than 
generalists that can persist on different 
types of plants (Moreira et al. 2016, 
O’Rourke and Petersen 2017). Patch size 
have also been shown to not impact the 
preference of specialist herbivores (Denno 
et al. 1981, McLain 1981, MacGarvin 1982, 
Grez and González 1995, Connor et al. 2000). 
Rhainds and English-Loeb (2003) also 
showed that only two out of the three 
generations of tarnish plant bug (Hemiptera: 
Miridae) that they examined increased in 
abundance when their host plant (cultivated 
strawberry) patch size increased. Therefore, 
the mix of generalist and specialist herbivory 
marks examined for margin feeding, hole 
feeding, and tissue damage accumulated 
over the entire season may not show any 
relationship with patch size of host plant. 
Furthermore, the relative abundance of 
margin feeding is higher in edge patches 
than center patches, while the position of 
the branch in a local patch had no effect. This 
trend is possibly due to the fact that 
generalist herbivores care less about the 
particular plant species but more about their 
ability to opportunistically disperse to 
another plant (Grez and González 1995). 
Foraging on the edge of a habitat patch 
would allow generalists to encounter other 
species of plant that they can exploit. The 
herbivores causing the tissue damages may 
be the most generalist since they do not care 
about resource concentration on the local or 
the habitat scale. Contrarily, the relative 
abundance of hole feeding is higher in the 
interior of a local patch. This trend may 

indicate that the hole feeding herbivores are 
more specialist than the margin feeding 
herbivores and thus would follow the RCH to 
prefer simpler landscapes on a local scale.  

Similarly, the margin feeding, hole feeding, 
and tissue damage found on the ceanothus 
are caused by a mix of generalist and 
specialist species that exhibit various 
evidence for and against the predictions of 
RCH. The relative abundance of margin 
feeding in ceanothus is higher on interior 
branches of a patch, but the herbivores 
causing the margin feeding marks seem to 
be more abundant on edge patches in the 
habitat and not care about patch size. The 
preference for a more complex landscape in 
edge patches indicates that the herbivores 
are more generalist than specialist that tend 
to disperse and care less about the 
concentration of one host plant on a larger 
scale (Grez and González 1995, Finch and 
Collier 2000). However, these herbivores do 
aggregate to interior branches on the local 
patches, which follows the prediction of 
RCH. This partial support for RCH may tie 
into the specific life history of these 
herbivore species. On the one hand, females 
with high dispersal ability aim to lay eggs, 
they may prefer more isolated edge patches 
in a habitat so that their offspring may be 
less exposed to natural enemies (O’Rourke 
and Petersen 2017). On the other hand, their 
offspring may not be able to disperse at all in 
their larvae stage and would move to the 
center of a local patch for the most resource. 
Grez and González (1995) showed that 
adults of P. xylostella colonized all kind of 
patches equally and their larvae did not 
migrate between patches. Thus, the validity 
of the RCH depends on the herbivore species 
and on the adult and juvenile herbivore 
dispersal behavior.  
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While the relative abundance of tissue 
damage had no relationship with patch size 
or any spatial distribution of ceanothus, the 
relative abundance of hole feeding on 
ceanothus mostly supports the predictions 
of the RCH. The relative abundance of hole 
feeding herbivores increased as patch size 
increased. The interior of a center patch in 
the habitat had the most abundant hole 
feeding marks. These trends could indicate 
that these herbivores are the most specialist. 
However, the exterior of an edge patch in 
the habitat had the second most abundant 
hole feeding marks. Although the exterior of 
an edge patch constitutes the most complex 
landscape of host and nonhost plants, it is 
also a more isolated landscape. An isolated 
host plant in a complex landscape may 
experience increased herbivore abundance 
due to the absence of resources around it to 
share the pressure of herbivory (Bach 1988b, 
Grez and González 1995, Finch and Collier 
2000, Long et al. 2003). The preference for 
the exterior of edge patch could also be due 
to dispersal preferences of specialist 
herbivores that make them eager to move to 
a complex landscape where there is more 
opportunity to disperse to more 
concentrated host plants (Grez and González 
1995, Moreira et al. 2016). Therefore, the 
hole feeding specialist herbivores that 
disperse to the exterior of an edge patch of 
ceanothus may exert heavy herbivory 
pressure on the ceanothus plant.  

Although specialist herbivores produced 
the leaf galls and fruit galls on the 
manzanita, their dispersal abilities and life 
history may have influenced their ability to 
follow the trends of the RCH. The abundance 
of leaf galls is higher on the interior 
branches, but the manzanita leaf gall aphid 
that produces these galls seem to not care 
about patch size or the position of a patch in 

the habitat. This trend is probably because 
the manzanita leaf gall aphid is highly 
dispersive but cannot determine the exact 
destination of their dispersal. In a small and 
clustered habitat like the montane 
chapparal, the passive dispersal of the 
manzanita leaf gall aphid by wind does not 
allow them to choose between different 
patch sizes or the position of a patch 
(O’Rourke and Petersen 2017). But once 
they land, they could move to the interior of 
a local patch to exploit more concentrated 
resources. The abundance of fruit galls is not 
affected by any spatial distribution of 
resources, but it did increase with the 
increase of patch size. This trend could be 
support for the RCH, yet it could also be due 
to the fact that observationally bigger 
patches have more fruiting bodies to be 
utilized by herbivores at the time of 
sampling. The lack of trends found in patch 
sizes and spatial scales in general could also 
be because of the fact that the montane 
chaparral is a closely clustered environment 
and that any change in landscape complexity 
may be too minute to impact herbivore 
abundance (Grez and González 1995).  

Despite that, the resource concentration 
hypothesis is generally used in agriculture 
for pest control across different herbivore 
and host plant species, we have found 
varying levels of support for the resource 
concentration hypothesis in our study 
system. A sweeping framework may not be 
as effective in monitoring herbivore 
abundance as specific principles developed 
for different herbivore and host plant 
species. Future studies should monitor all 
generations of one or two specialist and 
generalist species separately throughout 
one season on host plant species distributed 
over larger spatial scales. Overall, the 
underlying mechanisms of the interactions 
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between herbivores and host plants need to 
be examined to better understand the 
impact of host plant spatial distribution on 
herbivore abundance.  
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