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R E S E A R C H A R T I C L E

The Proportion of Three Foundation Plant Species
and Their Genotypes Influence an Arthropod
Community: Restoration Implications for the
Endangered Southwestern Willow Flycatcher
Randy Bangert,1,2,3 Sharon M. Ferrier,1 Luke Evans,1,4 Karla Kennedy,1 Kevin C. Grady,5

Erika Hersch-Green,1,6 Gerard J. Allan,1 and Thomas G. Whitham1

Abstract
As part of a restoration project, multiple genotypes of
two tree species, Fremont cottonwood (Populus fremontii )
and Goodding’s willow (Salix gooddingii ), and one shrub
species, Coyote willow (S. exigua), were experimentally
planted in different proportions at the Palo Verde Eco-
logical Reserve near Blythe, California, U.S.A. These com-
mon woody plant species are important to the endangered
southwestern willow flycatcher, providing perch, nesting,
and foraging habitat. We conducted this study to evaluate
plant species proportion and plant genotype effects on the
arthropod community, the prey base for the endangered
southwestern willow flycatcher. Three patterns emerged.
First, plant species proportions were important; the arthro-
pod community had the greatest richness and diversity
(H ′) when Goodding’s willow proportion was high and
Fremont cottonwood proportion was lower; that is, fewer

Fremont cottonwoods are required to positively affect over-
all arthropod diversity. Second, we found significant geno-
typic effects, for all three plant species, on arthropod
species accumulation. Third, while both planting propor-
tion and genotype effects were significant, we found that
the effect of planting proportion on arthropod richness was
about twice as large as the effect of plant genotype. This
shows that both plant species proportions and genotype
should be utilized in restoration projects to maximize habi-
tat heterogeneity and arthropod richness. Similar studies
can determine which planting proportion and specific geno-
types may result in a more favorable arthropod prey base
for the southwestern willow flycatcher and other species
of concern. Greater attention to planting design and geno-
type can result in significant gains in diversity at little or
no additional project cost.

Key words: Lower Colorado River, Populus fremontii ,
Salix exigua , Salix gooddingii .

Introduction

Native riparian habitat along the Lower Colorado River
(LCR) has been in a state of steady decline since the mid-
1800s (Lower Colorado River Multi-Species Conservation
Program: LCR-MSCP 2004). Cottonwood and willow have
historically represented the dominant riparian plant species
along the LCR (Durst et al. 2008). The existence of many
other species is closely tied to the health and long-term
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success of these foundation plant species (LCR-MSCP 2004;
Table S1, Supporting Information). A foundation species is
defined as a species that structures its ecosystem by creating
locally stable conditions and provides specific resources for
a diverse community of organisms (Dayton 1972; Ellison
et al. 2005). With the decline in cottonwood and willow
habitat in the American Southwest to less than 3% of its
historic extent (Noss et al. 1995), many species of flora and
fauna that colonize riparian areas in the American Southwest
have suffered decreased habitat quality and reductions in
population size (e.g. Nelson 2003; LCR-MSCP 2004).

The southwestern willow flycatcher (Empidonax traillii
extimus) has been especially impacted, and was federally
listed as rare and endangered by the United States Fish and
Wildlife Service in 1995 (LCR-MSCP 2004; McLeod et al.
2005; Durst et al. 2008). Southwestern willow flycatchers are
generalist insectivores (Wiesenborn & Heydon 2007; Durst
et al. 2008); the arthropods in the diet of the southwestern
willow flycatcher are correlated with the native plants in this

Restoration Ecology 1
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study: Fremont cottonwood (Populus fremontii S. Watson),
Goodding’s willow (Salix gooddingii C. R. Ball), and Coyote
willow (S. exigua Nutt.) (Wiesenborn & Heydon 2007).
Studying and monitoring the effects of riparian habitat
restoration on the diversity of arthropods (Williams 1997)
could be important to the long-term survival of E. traillii
extimus . Arthropods are vital components of most ecosystems
(Wilson 1987) but poorly documented. Studies that quantify
the factors that affect arthropod diversity are important to
promote regional biodiversity and may play a role in the
management of species of concern that depend on arthropods.

It is not currently known how the proportion of plant species
and plant genotypes influence the diversity and abundance
of arthropods and how this affects the southwestern willow
flycatcher. In collaboration with the Bureau of Reclamation,
under the LCR-MSCP (2004), we planted an experimental
garden to explore techniques to promote the recovery of the
southwestern willow flycatcher. With this experimental garden,
we tested the effects of varying plant proportion and genotype
of three foundation plant species: P. fremontii , S. gooddingii ,
and S. exigua , on an arthropod community in the context of
riparian habitat restoration. This garden is part of a 50-year
program that was initiated in 2005 to conserve habitat, work
toward the recovery of threatened and endangered species,
and reduce the likelihood of additional species being federally
listed as endangered (LCR-MSCP 2004).

Populus fremontii and S. gooddingii are native tree species
that are often components of southwestern willow flycatcher
habitat, whereas S. exigua is a native shrub of the understory
matrix along the LCR. In this study, we addressed two
hypotheses: (1) varying proportions of these foundation
plant species would affect the arthropod community. Many
studies have shown an effect of varying plant composition on
arthropod communities (Murdoch et al. 1972; Siemann 1998;
Siemann et al. 1998; Knops et al. 1999); (2) the genotype
of a foundation plant species would affect the arthropod
community, based on previous studies of Populus and Salix
(Fritz & Price 1988; Wimp et al. 2004; Whitham et al.
2006; Bangert et al. 2008), although this is the first study to
manipulate species and genetic composition simultaneously.

Methods

Common Garden Study Site

The experimental garden was planted in 2007 within the LCR
floodplain on 8 ha of agricultural land taken out of production.
The garden was located at the Palo Verde Ecological Reserve
(PVER), 14 km NE of Blythe, California, U.S.A., within
0.6 km of the LCR (N 33.71391, W −114.49600, elevation
87 m; Fig. 1). Plant collections consisted of one cottonwood
species (Populus fremontii ) and two willow species (Salix
gooddingii and S. exigua), all in the family Salicaceae.
Collection sites were within the watershed of the LCR in the
USGS Basin and Range hydrogeographic province (Table S2;
Fig. 1); the genetic basis for the plant collections was relevant
for this restoration project.

Collection Sites 

PVER Garden 
100 km 

Arisona

Figure 1. Plant collection locations and the location of the PVER
common garden within the USGS Basin and Range hydrogeographic
province.

Table 1. Treatment proportions applied simultaneously to the tree
species, Populus fremontii and Salix gooddingii , with the shrub S. exigua
filling the remaining matrix.

Proportion Treatment P. fremontii S. gooddingii S. exigua Total

#1 0.09/23 0.09/23 0.82/210 1.0/256
#2 0.09/23 0.17/44 0.74/189 1.0/256
#3 0.17/44 0.09/23 0.74/189 1.0/256
#4 0.17/44 0.17/44 0.66/168 1.0/256

Numbers above the slash are the species proportion and the numbers below the slash
are the number of plants per block for each treatment.

Sixty-six blocks of four different plant proportions (Table 1)
of the three foundation species were planted in a completely
randomized design and flood irrigated. Each block consisted
of 256 randomly selected and located, greenhouse propagated
stecklings planted on 2 m centers (i.e. vegetative propagated
plants that are genetically identical to their parents). The
garden contained 2,196 P. fremontii , 2,196 S. gooddingii , and
12,503 S. exigua , for a total of 16,895 plants. A subset of
104 plants was used in this study. The arthropod sample for
this study came from the three plant species, comprised of
14 unique genotypes, and their clonal replicates for a total of
104 plants; all clonal replicates were genetically identical. At
the time of data collection (2008), the trees had grown from
approximately 20 cm to 3 m in height, the shrub had grown
from approximately 10 cm to 1 m in height, and all sample
units were growing vigorously.

Plant Propagation

Dormant hardwood cuttings were collected for propa-
gation between 5 December 2006 and 19 January 2007
from 15 populations. Field identification of genotypes was
based on spatial discreteness of genets and a minimum

2 Restoration Ecology
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distance of 10 m between individuals. Genotypes were
fingerprinted to verify uniqueness with simple sequence
repeat (SSR) loci derived from the Populus SSR Resource
database (Tuskan et al. 2004, 2006; http://www.ornl.
gov/sci/ipgc/ssr_resource.htm) and from SSRs developed for
Salix (Hersch-Green unpublished data).

Stecklings were grown in Tinus Rootrainers (Nanodrop
Technologies, Wilmington, DE, U.S.A.) in sterilized soil media
consisting of equal parts peat moss, perlite, and vermiculite, in
greenhouses at Northern Arizona University in Flagstaff, Ari-
zona. Stecklings were treated with rooting hormone, sterilized
with an anti-fungal, and grown at ambient air temperature to
maintain bud dormancy with bottom heat to stimulate root ini-
tiation and development. Bud and leaf flush were delayed as
long as possible, and the stecklings were planted in the garden
on 26–30 March 2007.

Confirmation of Unique Genotypes With SSR Markers

For each genotype, total genomic DNA was extracted from
dried leaf material using DNeasy Plant Mini Kits (Qiagen,
Hilden, Germany), spectrophotometrically quantified, and
standardized to 12.5 ng/µL (NanoDrop ND-1000, Nanodrop
Technologies). After screening of various marker loci to
insure repeatability, we selected and amplified 15 SSR loci
from P. fremontii (Tuskan et al. 2004, 2006), 13 SSR loci
from S. gooddingii (Barker et al. 2003), and14 SSR loci from
S. exigua (Barker et al. 2003). All loci were amplified using
polymerase chain reaction (PCR) and standard touchdown
protocols (Don et al. 1991). PCR products were resolved on an
ABI 3730xl automated sequencer using GENESCAN-600 LIZ
as an internal size standard. Genotypes were scored using Gen-
eMapper v. 4.0 software (all from Applied Biosystems, Inc.,
Foster City, CA, U.S.A.). We then evaluated the uniqueness of
genotypes with the canonical analysis of principal coordinates
(CAP) procedure and the trace statistic Qm

′HQm on the SSR
data; p-values were generated with 9999 permutations of the
data (Anderson & Willis 2003; Anderson 2004).

Study Design

We chose genotypes that had clones within all four of the
plant-proportion treatments. This resulted in 4–9 clones each
of five P. fremontii genotypes representing five populations,
7–8 clones each of four S. gooddingii genotypes representing
four populations, and 7–8 clones each of five S. exigua
genotypes representing four populations. The proportions of
the two tree species, P. fremontii and S. gooddingii , varied,
with the remaining matrix filled with the shrub S. exigua
(Table 1). The proportions span the range reported for natural
densities in southwestern willow flycatcher habitat (McLeod
et al. 2005). The same plants were used for both the plant
proportion and genotype portions of this study to allow us to
contrast the relative importance of the genotype effect versus
the plant-proportion effect. Some analyses included all three
species, and some analyses were conducted separately for each
species.

Arthropod Sampling

Canopy arthropods were sampled from 13 to 23 August 2008.
Arthropods were visually quantified following the methods of
Wimp et al. (2004, 2005). Biomass and time were standardized
among plants. Branch diameter was standardized to control for
leaf area. On the basis of the species accumulation curves,
approximately 200 shoots were surveyed for a minimum
of 20 minutes per plant. All arthropods were classified as
recognizable taxonomic units (RTUs; Oliver & Beattie 1993,
1996; Bolger et al. 2000) based on previous observations of life
cycle, mating individuals, and large morphological differences.
Unknown arthropods were collected for identification and
archived in the Colorado Plateau Arthropod Museum at
Northern Arizona University (http://www.bugs.nau.edu).

Data Analysis

To evaluate whether plant proportion affects the arthropod
community we quantified the difference in the slopes of the
species accumulation curves among the plant-proportion treat-
ments with analysis of covariance (ANCOVA) using JMP 5.1.2
software (SAS Institute, Inc., Cary, NC, U.S.A.). The accu-
mulation curves were linearized with an ln transformation.
To evaluate the two hypotheses simultaneously, we quanti-
fied mean arthropod richness, abundance, Shannon’s diversity
(H ′), and Pielou’s evenness (J ) with ANCOVA. The model
included the factors: PLANT-PROPORTION, PLANT-SPP,
GENOTYPE[PLANT-SPP], and PLANT-PROPORTION *
PLANT-SPP interaction. Because of inadequate replication of
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Figure 2. (a) Total arthropod species richness accumulation. (b) Total
arthropod species richness accumulation by plant-proportion treatment.
Non-linearized curves are presented.
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genotypes, we did not include a GENOTYPE[PLANT-SPP] *
PLANT-PROPORTION interaction in the model. The model
included the x ,y garden Cartesian coordinate location for each
plant as a covariate to control for garden environmental factors
not included in the model.

Because mean richness is not additive, it may not always
be a sufficient community metric. We quantified the difference
in the slopes of the species accumulation curves for total
arthropod richness among the plant-proportion treatments and
genotypes for each species with ANCOVA in order to evaluate
the relative effects of plant proportion and genotype by
comparing F -values (Table 3). These accumulation curves had
not reached an asymptote, were linear, and not transformed.
However, it is in the pre-asymptotic portion of species
accumulation where differences initially occur (Bangert et al.
2005). All accumulation curves were generated with 999
randomizations (Colwell 2009), analyzed, and presented as
richness versus accumulating individuals as recommended by
Gotelli and Colwell (2001).

We further evaluated the effects of plant-proportion
treatment and genotype of each plant species on arthropod
community composition with the ordination procedure, CAP

using the trace statistic, Qm
′HQm; p-values were generated

with 9999 permutations of the data (Anderson & Willis 2003;
Anderson 2004).

Results

Molecular analysis showed that the 14 genotypes used in the
study were genetically unique from one another. There were
five unique Populus fremontii genotypes (Qm

′HQm = 2.0,
p = 0.0001), four unique Salix gooddingii genotypes
(Qm

′HQm = 1.0, p = 0.0001), and five unique S. exigua geno-
types (Qm

′HQm = 2.0, p = 0.0001). A relatively rich arthropod
community quickly colonized the plants in this restoration gar-
den and our findings are based on two growing seasons. Seven-
teen months after planting, 115 arthropod RTUs were sampled
represented by 3,748 individuals on 104 plants (Fig. 2a).

Plant-Proportion Effects

The first hypothesis (that plant proportion would affect the
arthropod community) was supported by three analyses.
First, there were significant differences among the slopes
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Figure 3. (a) Mean arthropod RTU richness response to plant-proportion treatment and plant species. (b) Mean arthropod abundance. (c) Mean arthropod
Shannon’s diversity (H ′). (d) Mean arthropod evenness (J ). Bars represent means; error bars represent ±1 SE. Different letters represent significant
differences within a treatment.
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of the species accumulation curves of the plant-proportion
treatments (F [100,3] = 34.25, p < 0.0001; Fig. 2b). When
rarified on arthropod individuals, the most species (61)
accumulated in treatment #2, with high S. gooddingii and
low P. fremontii proportions, and the fewest species (41)
accumulated in treatment #4, with high S. gooddingii and
high P. fremontii proportions. Second, mean RTU richness
and H ′ tended to be highest in plant-proportion treatment #2
(Fig. 3a & 3c). Third, there was strong support for differences
in the rates of total RTU richness accumulation among the
plant-proportion treatments based on accumulation curves for
each plant species (all p < 0.0001; Table 3; Fig. 4a, 4c, & 4e).

When rarified on arthropod individuals, P. fremontii and
S. exigua accumulated the most arthropod RTUs in treatment
#2 and accumulated the fewest RTUs in treatment #3 (Fig. 4a
& 4e). Salix gooddingii accumulated the most RTUs in
treatment #3 and the fewest RTUs in treatment #1, with low
S. gooddingii and low P. fremontii proportions (Fig. 4c).

Genotype Effects

The second hypothesis (that the genotype of a foundation
plant species affects the arthropod community) was supported
for species richness accumulation (Table 3; Fig. 4b, 4d, & 4f).
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Table 2. ANCOVA results for PLANT-PROPORTION and GENOTYPE[SPP] effects on arthropods.

Factor df ss ms F p

Richness Model 24 232.90 9.70 1.95 0.01
Error 79 393.09 4.98
Total 103 625.99

Proportion 3 80.06 5.36 0.002
SPP 2 47.16 4.74 0.01
Genotype[SPP] 11 34.17 0.62 0.82
Proportion × SPP 6 18.95 0.63 0.70

Abundance Model 24 12109.27 504.55 1.14 0.32
Error 79 34894.57 441.70
Total 103 47003.85

Proportion 3 1438.68 1.09 0.36
SPP 2 141.64 0.16 0.85
Genotype[SPP] 11 6170.94 1.27 0.26
Proportion × SPP 6 2357.37 0.89 0.51

Shannon’s diversity (H ′) Model 24 6.81 0.28 1.97 0.01
Error 79 11.39 0.14
Total 103 18.20

Proportion 3 2.18 5.03 0.003
SPP 2 0.77 2.68 0.07
Genotype[SPP] 11 1.42 0.90 0.55
Proportion × SPP 6 1.18 1.37 0.24

Evenness (J ) Model 24 0.97 0.04 1.53 0.08
Error 79 2.08 0.03
Total 103 3.05

Proportion 3 0.05 1.80 0.15
SPP 2 0.09 0.96 0.39
Genotype[SPP] 11 0.52 1.78 0.07
Proportion × SPP 6 0.20 1.23 0.30

SPP, plant species; ss, sum of squares; ms, mean square.
Garden coordinates were included as covariates to control for environmental gradients in the garden. Statistics for garden coordinates are not reported. Bold p-values denote
significance at α = 0.05.

Although mean richness was not different among GENO-
TYPE[SPP] (p = 0.80; Table 2), total richness was significantly
different among genotypes for all three species based on the
species accumulation curves (all p < 0.0001; Fig. 4b, 4d, &
4f. P. fremontii range: 12–24 species; S. gooddingii range:
17–23 species; S. exigua range: 16–29 species).

Relative Effects of Plant Proportion and Genotype

On the basis of the ANCOVA F -values, arthropod rich-
ness accumulation on P. fremontii and S. gooddingii
both showed stronger responses to the plant-proportion
treatment than genotype (P. fremontii plant-proportion treat-
ment: F [31,3] = 100.93, p < 0.0001; P. fremontii genotype:
F [30,4] = 55.26, p < 0.0001. S. gooddingii plant-proportion
treatment: F [26,3] = 23.67, p < 0.0001; S. gooddingii genotype:
F [26,3] = 13.42, p < 0.0001; Table 3). In contrast, arthropod
richness accumulation on S. exigua showed a stronger
response to genotype than plant-proportion treatment (S.
exigua plant-proportion treatment: F [35,3] = 10.70, p < 0.0001;
S. exigua genotype: F [34,4] = 42.00, p < 0.0001; Table 3).
On average, RTUs accumulated twofold faster on the
plant-proportion treatments relative to genotype (Fig. 4).

There was a difference in arthropod community com-
position by plant-proportion treatment (Qm

′HQm = 0.7706,

p = 0.0006; Fig. 5a). There was also a difference in
arthropod community composition by genotype for
S. gooddingii (Qm

′HQm = 1.2912, p = 0.0391; Fig. 5c),
with P. fremontii and S. exigua approaching significance
(P. fremontii : Qm

′HQm = 1.1445, p = 0.1386; Fig. 5b;
S. exigua: Qm

′HQm = 0.8613, p = 0.0783; Fig. 5b & 5d).

Discussion

Although many ecological studies have manipulated either
plant-species or plant-genetic diversity, we are not aware of
any restoration studies that have manipulated both in the same
study. Using the same genotypes of three foundation species
planted in different proportions, we found that both plant
proportion and genotype effects were important.

On the basis of the studies of ecological neighborhoods
(Addicott et al. 1987), interspecific competition, and facilita-
tion (Brooker et al. 2008), we expected that plant proportion
would have a strong effect on arthropod community metrics
(Bangert et al. 2008). For example, it is well known that
plant–plant interactions can have strong effects on plant com-
munity and ecosystem properties, including diversity, struc-
ture, productivity, and stability (e.g. Kéfi et al. 2007; Brooker
et al. 2008; Michalet et al. 2011). We show that different
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Table 3. ANCOVA results for differences in slopes for total arthropod species accumulation among plant-proportion treatments and genotypes for each
plant species.

Species df ss ms F p

Populus fremontii proportion Model 7 3687.07 526.73 334.93 <0.0001
Error 27 42.46 7.02
Total 34 3729.53

Slopes test 3 476.17 100.93 <0.0001
P. fremontii genotype Model 9 2129.91 236.66 231.83 <0.0001

Error 25 25.52 1.02
Total 34 2155.43

Slopes test 4 225.64 55.26 <0.0001
Salix gooddingii proportion Model 7 990.15 141.45 238.09 <0.0001

Error 22 13.07 0.59
Total 29 1003.22

Slopes test 3 42.18 23.67 <0.0001
S. gooddingii genotype Model 7 838.59 119.80 195.80 <0.0001

Error 22 13.46 0.61
Total 29 852.06

Slopes test 3 24.63 13.42 <0.0001
S. exigua proportion Model 7 1746.36 249.48 171.67 <0.0001

Error 31 45.05 1.45
Total 38 1791.41

Slopes test 3 46.63 10.70 <0.0001
S. exigua genotype Model 9 1717.73 190.86 247.38 <0.0001

Error 29 22.37 0.77
Total 38 1740.10

Slopes test 4 129.61 42.00 <0.0001

Bold p-values denote significance at α = 0.05.

plant-proportion neighborhoods can have strong effects on
an arthropod community. Thus, plant–plant interactions may
affect arthropods.

In our study, plant proportion represents the neighborhood
to which an individual arthropod is exposed. In another
study of cottonwoods, White and Whitham (2000) found that
a heterospecific plant neighbor (box elder [Acer negundo])
influenced the insects on cottonwoods. In agreement with their
study, we found that different heterospecific plant proportions
affected the arthropod community.

A rich literature has found that plant-species or plant-genetic
diversity can affect arthropod communities (e.g. Wimp et al.
2004, 2005, 2007; Johnson & Agrawal 2005; Bailey et al.
2006; Bangert et al. 2006; Crutsinger et al. 2006; Shuster
et al. 2006; Barbour et al. 2009; Keith et al. 2010; Zytyn-
ska et al. 2011; Ferrier et al. in press2012). In a recent review
of the importance of intraspecific genetic variation on depen-
dent communities, Whitham et al. (2012) found that 64/75
communities examined worldwide significantly responded to
genetic variation within a single focal plant species. The focal
plant species included tropical trees, eucalypts, coastal dune
shrubs, boreal conifers, alpine cushions, and old-field forbs.
The communities in which a significant genotype response
was detected included: arthropods, fungal endophytes, mycor-
rhizal fungi, epiphytic and terrestrial plants, and soil microbes.
We emphasize that the importance of plant genetic composi-
tion on individual species can vary widely. At one end of
the continuum some species show a weak to no response to
plant genetics, whereas, at the other extreme genetic effects

predominate. For example, Evans et al. (2012) found that cot-
tonwood genetics played a key role in affecting the abundance
of the mite, Aceria parapopuli , and that genotypic effects were
130 times greater than climate variable effects (e.g. winter
minimum temperature, growing season temperature, and mois-
ture availability). Ferrier et al. (unpublished data) found that
plant genotypes (the same species as in this study) that grow
more vigorously support more arthropods than less vigorously
growing plants.

We also detected significant genotype effects. Because repli-
cate genotypes were distributed across the plant-proportion
treatments, genotype effects were potentially attenuated by the
proportion effect. However, Bangert et al. (2008) suggested
that when genetic variability is high, plant genotypic effects on
a community should be detectable. Because both plant propor-
tion and genetic identity were important factors, they should
be given consideration in restoration projects. This study was
done on 1-year-old plants; continued monitoring is required to
determine these patterns through time.

Restoration projects often use a single or a few genotypes
(G. Garnett 2006, Bureau of Reclamation, personal communi-
cation), possibly resulting in lower arthropod diversity. (Ferrier
et al. 2012) found that a sample of Populus fremontii with high
genetic/genotypic diversity supported higher arthropod diver-
sity than a sample of P. fremontii with low genetic/genotypic
diversity. We recommend that restoration plantings should
avoid monoculture practices. Using many clones from a few
genotypes may not maximize arthropod richness because dif-
ferent arthropods, microbes, and other community types are
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Figure 5. Arthropod community composition by plant-proportion treatment and plant genotype. Symbols represent community centroids; error bars
represent 95% confidence intervals. Error bars that do not overlap indicate different communities.

commonly associated with different plant genotypes (Ferrier
et al. 2012). Other studies have found that different cottonwood
genotypes also support different trophic interactions between
arthropods and birds (Bailey et al. 2006; Smith et al. 2011),
which may indirectly influence arthropod diversity.

Greater arthropod richness coupled with greater diversity
(H ′) should result in a more broadly available arthropod prey
base, such as we found in plant-proportion treatment #2.
This indicates that this proportion of Salix gooddingii and
P. fremontii may result in a more optimum prey base for the
southwestern willow flycatcher. However, eliminating either
species would tend to lower arthropod diversity because each
plant species and genotype likely contributes unique arthropod

species to the overall community (MacArthur 1972; Siemann
1998; Whitham et al. 2012; Ferrier et al. 2012).

Increasing both plant proportion and genotypic variability in
restoration projects will help to increase habitat heterogeneity
(e.g. Ferrier unpublished data), which may benefit species like
the southwestern willow flycatcher (Wiesenborn & Heydon
2007; Durst et al. 2008). Future tests of this idea will involve
determining which plant-proportion treatments are preferred
when southwestern willow flycatchers, and other species,
colonize the restoration site. On the basis of the results from
this study, we predict that plant-proportion treatment #2, with
high S. gooddingii and low P. fremontii proportions, should
be favored. Although we discuss this restoration project in
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the context of the southwestern willow flycatcher, there are
numerous other terrestrial animal species typically associated
with the habitat type along the LCR that may also benefit from
this restoration study.

Implications for Practice
• The proportion of commonly associated plant species

used in restoration should receive greater attention from
managers.

• Genotype effects are important and plant-restoration
material should be collected from multiple plant species,
populations, and genotypes.

• Plant species and genotype polycultures should be
favored over monocultures.

• Once the effort has been expended to collect multiple
genotypes from multiple populations, superior genotypes
can be identified for future use. Existing plant-restoration
projects with clearly identified genotypes can become
a seed and cutting orchard for future plant-restoration
projects.

• The best plant proportions and genotypes can be iden-
tified, based on criteria appropriate to an individual
project, through continuous research and monitoring.

Acknowledgments

We would like to thank Gregg Garnett and Reclamation for
funding and California Fish and Game for providing the land
for this project. We thank B. Blake and P. Patterson for plant
propagation in the NAU Research Greenhouses. Coconino
Rural Environmental Corps and the Whitham lab group helped
with planting. We thank two anonymous referees and editor
Dr. S. Yates for valuable comments that helped to improve
this manuscript.

LITERATURE CITED
Addicott, J. F., J. M. Aho, M. F. Antolin, D. K. Padilla, J. S. Richardson,

and D. A. Soluk. 1987. Ecological neighborhoods: scaling environmental
patterns. Oikos 49:340–346.

Anderson, M. J. 2004. CAP: a FORTRAN program for canonical
analysis of principal coordinates. Department of Statistics, Uni-
versity of Aukland, New Zealand (available from http://www.stat.
auckland.ac.nz/∼mja/Programs.htm).

Anderson, M. J., and T. J. Willis 2003. Canonical analysis of principal
coordinates: a useful method of constrained ordination for ecology.
Ecology 84:511–525.

Bailey, J. K., S. C. Wooley, R. L. Lindroth, and T. G. Whitham. 2006.
Importance of species interactions to community heritability: a genetic
basis to trophic-level interactions. Ecology Letters 9:78–85.

Bangert, R. K., E. V. Lonsdorf, G. M. Wimp, S. M. Shuster, D. Fischer, J. A.
Schweitzer, G. J. Allan, J. K. Bailey, and T. G. Whitham. 2008. Genetic
structure of a foundation species: scaling community phenotypes from
the individual to the region. Heredity 100:121–131.

Bangert, R. K., R. J. Turek, G. D. Martinsen, G. M. Wimp, J. K. Bailey, and
T. G. Whitham. 2005. Conservation of plant genetic diversity benefits
arthropod diversity. Conservation Biology 19:379–390.

Bangert, R. K., R. J. Turek, B. Rehill, G. M. Wimp, J. A. Schweitzer, G.
J. Allan, et al. 2006. A genetic similarity rule determines arthropod
community structure. Molecular Ecology 15:1379–1392.

Barbour, R. C., L. G. Forster, S. C. Baker, D. A. Steane, and B. M. Potts. 2009.
Biodiversity consequences of genetic variation in bark characteristics
within a foundation tree species. Conservation Biology 23:1146–1155.

Barker, J. H. A., A. Pahlich, S. Trybush, K. J. Edwards, and A. Karp 2003.
Microsatellite markers for diverse Salix species. Molecular Ecology
Notes 3:4–6.

Bolger, D. T., A. V. Suarez, K. R. Crooks, S. A. Morrison, and T. J. Case.
2000. Arthropods in urban habitat fragments in Southern California: area,
age, and edge effects. Ecological Applications 10:1230–1248.

Brooker, R. W., F. T. Maestre, R. M. Callaway, C. L. Lortie, L. A. Cavieres,
G. Kunstler, et al. 2008. Facilitation in plant communities: the past, the
present, and the future. Journal of Ecology 96:183–184.

Colwell, R. K. 2009. EstimateS: statistical estimation of species richness and
shared species from samples. Version 8.2. User’s guide and application
(available from http://purl.oclc.org/estimates).

Crutsinger, G. M., M. D. Collins, J. A. Fordyce, Z. Gompert, C. C. Nice, and N.
J. Sanders. 2006. Plant genotypic diversity predicts community structure
and governs an ecosystem process. Science 313:966–968.

Dayton, P. K. 1972. Toward an understanding of community resilience
and the potential effects of enrichments to the benthos at McMurdo
Sound, Antarctica. Pages 81–95 in B. C. Parker, editor. Proceedings
of the colloquium on conservation problems in Antarctica. Allen Press,
Lawrence, Kansas.

Don, R. H., P. T. Cox, B. J. Wainwright, K. Baker, and J. S. Mattick.
1991. ’Touchdown’ PCR to circumvent spurious priming during gene
amplification. Nucleic Acids Research 19:4008.

Durst, S. L., T. C. Theimer, E. B. Paxton, and M. K. Sogge. 2008. Age,
habitat, and yearly variation in the diet of a generalist insectivore, the
southwestern willow flycatcher. The Condor 110:514–525.

Ellison, A. M., M. S. Bank, B. D. Clinton, E. A. Colburn, K. Elliott, C.
R. Ford, et al. 2005. Loss of foundation species: consequences for the
structure and dynamics of forested ecosystems. Frontiers in Ecology and
the Environment 3:479–486.

Evans, L. M., J. S. Clark, A. V. Whipple, and T. G. Whitham. 2012. The
relative influences of host plant genotype and yearly abiotic variability
in determining herbivore abundance. Oecologia 168:483–489.

Ferrier, S. M., R. K. Bangert, E. Hersch-Green, J. K. Bailey, G. J. Allan, and
T. G. Whitham. 2012. Unique arthropod communities on different host-
plant genotypes results in greater arthropod diversity. Plant-Arthropod
Interactions (in press).

Fritz, R. S., and P. W. Price. 1988. Genetic variation among plants and insect
community structure: willows and sawflies. Ecology 69:845–856.

Gotelli, N. J., and R. K. Colwell 2001. Quantifying biodiversity: procedures and
pitfalls in the measurement and comparison of species richness. Ecology
Letters 4:379–391.

Johnson, M. T. J., and A. A. Agrawal. 2005. Plant genotype and the
environment interact to shape a diverse arthropod community on evening
primrose (Oenothera biennis). Ecology 84:874–885.
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