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Abstract
Evaluating the success of restoration projects requires well-
designed studies. Among the decisions that need to be made
are what taxonomic groups to study and when to con-
duct the monitoring. To explore how these decisions can
influence assessments of restoration success, we examined
species richness and composition data collected over sev-
eral years on different terrestrial fauna (landbirds, rodents,
bees, and beetles) at Sacramento River restoration and
remnant riparian sites. Our selection of study organisms
enabled us to ask whether variability in species richness
among restoration sites is less for vagile taxa than for
sedentary taxa, and if invertebrates display greater vari-
ability among sites than vertebrates. Our results demon-
strate that responses to restoration can vary depending
upon the season when it is assessed, and the taxa that are
studied. For all taxa except bees, there was considerable

variability in the relative performance of taxa at restora-
tion sites from one sampling date to the next, such that the
relative ranking of the sites often changed dramatically.
Comparisons of β-diversity (variability in species richness
across sites) revealed that certain taxonomic groups were
more spatially variable in their response to restoration than
others. Among vertebrates, sedentary taxa (rodents) had
significantly higher variability in species richness across
sites than highly vagile taxa (birds); however, no such pat-
tern was observed for invertebrates. Overall, vertebrates
had lower variability than invertebrates, suggesting that
evaluations of restoration success based on a few better-
known taxonomic groups (e.g., birds, rodents) may be
inadequate to represent the biodiversity response of other
groups (e.g., insects).

Key words: β-diversity, indicators, monitoring, restora-
tion, richness, riparian.

Introduction

A major goal of ecosystem restoration is the recovery of bio-
diversity (Young 2000). To assess whether restoration projects
have succeeded in meeting this goal, ecologists often compare
native species richness and attributes of community composi-
tion at restoration and remnant (or reference) sites. Restoration
sites that have a fuller complement of native species found at
remnant sites are viewed as more successful than those with
fewer of these species (SER 2004; Ruiz-Jaen & Aide 2005).

Yet, if species richness and community composition patterns
vary temporally, with changes occurring from year to year or
from one season to the next, or if restoration sites and remnant
habitats vary in different ways, then evaluations of whether
restoration has been successful will depend upon when and
where these evaluations are made. Also, if certain taxa are
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inherently more variable than others, then there are additional
complications in interpreting restoration outcomes. These
complexities present challenges for assessing the success
of restoration projects, and point out the need for clearly
specifying project goals (Ehrenfeld 2000; Holl & Cairns 2002).

The existing literature provides valuable information on
monitoring in the context of restoration (e.g., Block et al.
2001; Morrison 2002). However, there is a need for more
detailed examinations of how the choice of study organisms,
and spatial and temporal variability in their response to
restoration, influences progress assessments. Some studies of
these topics have been conducted on aquatic species (e.g.,
Jeppesen et al. 2002), but we do not know of any similar
investigations that have focused on terrestrial fauna.

To help address these information needs, we studied land-
birds, rodents, bees, and beetles over several years at riparian
restoration sites and remnant habitats along the Sacramento
River, California, U.S.A. In a previous paper, Golet et al.
(2008), we reported on the success of this restoration effort
for these and other taxa. However, that paper did not explic-
itly examine variability in taxonomic response to restoration,
which is the focus of this paper. Here, we use species richness
and community composition data to evaluate the following:
(1) whether determinations of restoration success vary depend-
ing upon the season in which they are made; (2) whether sites
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Figure 1. Matrix of study organisms arranged according to taxonomic
order and vagility.

rank consistently in the performance of their taxa through time;
and (3) whether some taxa are more variable than others in
how they respond to restoration.

Our selection of study organisms (Fig. 1) enabled us to
ask whether variability in species richness among restoration
sites is less for vagile taxa than for sedentary taxa, and
if invertebrates display greater variability among sites than
vertebrates. Answering these questions can help determine
whether all taxonomic groups of interest need to be studied
in riparian restoration projects, or if a subset of taxa may be
studied as indicators of the larger community (sensu Lambeck
1997). The use of a surrogate taxon has become questionable
in conservation planning because evidence suggests that the
correlation of species richness between pairs of taxa is highly
variable both taxonomically and geographically (Prendergast
et al. 1993; Prendergast & Eversham 1997; Ricketts et al.
1999; Su et al. 2004), and may depend on the spatial scale
examined (Weaver 1994; Blair 1999). Our study begins to
address whether the same is true in studies of restoration
success.

Methods

Restoration Success Metrics and Methods

Our examination of temporal variability in response of differ-
ent taxa to restoration was focused on three metrics: species
richness, percent representation, and β-diversity. Species rich-
ness is the total number of species observed at a site. In the
case of birds and rodents, we know whether or not species are
native, and thus report native species richness. For beetles and
bees, we include non-native species in our richness counts.
Percent representation is a community composition metric,
defined as the percent of species from remnant habitats that
are observed at restoration sites. It provides a complementary
characterization to species richness by describing how similar
the assemblage of species present at restoration sites are to
those observed at reference sites.

β-diversity provides a measure of how variable species
richness of different taxa is across sites. Strictly speaking, it
is defined as the diversity in richness among sites within a

region of interest. It differs from α-diversity, the diversity in
species within individual plots, and γ -diversity, the diversity
of species within a whole region (Whittaker 1960). We
examined patterns of β-diversity to determine whether certain
taxa may be suitable as indicators of restoration success
of other co-occurring taxa. Analyses of co-occurrence have
been widely used, and analyzed by a variety of methods,
in the conservation planning literature. Different researchers
have referred to these analyses by different terms including
cross-taxon congruency (Su et al. 2004), assemblage fidelity
(Oliver et al. 1998), and community concordance (Paszkowski
& Tonn 2000). We calculated β-diversity for each taxon at
both restoration and remnant sites following Harrison et al.’s
(1992) adaptation of Whittaker’s (1960) original index:

β − diversity = (S/a − 1)/(N − 1) × 100

In this index, S is the regional diversity—the total number
of species recorded at all sites during a given sampling window
(month or season)—and a is the mean number of species
recorded at a single site in the collection of N sites. We
used this index because it accounts for different sample sizes
(Harrison et al. 1992). Low index values indicate that sites
share many species, and high values indicate that sites share
few species.

It is possible that differences in sampling intensity influ-
enced some of our results. However, we believe that this
influence was very small because all taxa were sampled inten-
sively (see Methods), and sampling efforts were identical at
restoration sites and remnant habitats.

Although more sophisticated methods and associated met-
rics (e.g., multivatiate techniques such as cluster analysis [Bel-
bin 1992] and ordination [Paller et al. 2000]) are available for
assessing the response of different organisms to restoration, we
focus on these three basic parameters to enable straightforward
comparisons across taxonomic groups, site types, locations,
and seasons. No single metric adequately represents the com-
plexity and variety of life in an area (Gaston & Spicer 2004);
however, species richness is one of the most commonly used
measures to quantify biodiversity (e.g., Bisby 1995; Gaston
2000; Purvis & Hector 2000) and to measure the success of
restoration projects (McCoy & Mushinsky 2002). Golet et al.
(2008) provide a more diverse range of analysis methods and
performance metrics to assess the response of Sacramento
River terrestrial fauna to restoration.

Study Sites

We conducted surveys at 12 study sites (Table 1), dis-
tributed over 143 river kilometers on the middle Sacra-
mento River, between the towns of Gerber and Colusa,
California, U.S.A. (Fig. 2). This is an alluvial stretch of
the Sacramento River, which was over 8 km wide in some
sections prior to European settlement. Riparian restoration
efforts have focused on this reach because degradation
is largely reversible. Farms (as opposed to cities) have
replaced floodplain forests, and levees, where present, are
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often set back from the river by appreciable distances. In
some areas, bank revetment (riprap) is absent and the nat-
ural processes of bank erosion and point bar deposition are
still intact (Buer et al. 1989; Singer & Dunne 2001).

Study sites consisted of riparian restoration and remnant
habitats. Remnant riparian habitats arose by natural means
(i.e., they were not planted) and were never cleared. Rem-
nant sites represent reference conditions and are used here to
evaluate progress toward restoration goals. However, condi-
tions in remnant forests are not ideal; all sites are subjected
to a highly altered flow regime, are highly fragmented rela-
tive to historic condition, and are degraded to varying degrees
by invasive species. Nonetheless, they provide useful bench-
marks for drawing comparisons to restoration sites (Gardali
et al. 2006).

Restoration sites averaged 124 ha (range: 13–376 ± 127
[SD]). All were located in low-lying floodplain areas embed-
ded in a landscape matrix of natural remnant habitats, fallow
land, and agriculture. All restoration sites had some remnant
riparian habitat directly adjacent, and all remnant study sites
were bordered by restoration, with the exception of Stege-
man (Fig. 2). Thus, transboundary influences were likely sim-
ilar across sites. No restoration or remnant sites were in
close proximity to urban areas or dense residential settle-
ments. Nearby agriculture consisted of orchard, row, and field
crops, although a few areas were managed as irrigated pas-
ture for livestock. All restoration sites were previously in
agriculture, most commonly as walnut or almond orchards,
before being revegetated with local ecotypes of indigenous
trees, shrubs, and, in a few sites, understory species. A list
of planted species is provided in Golet et al. (2008). Restora-
tion approaches were generally consistent across study sites
and are described by Griggs & Peterson (1997) and Alpert
et al. (1999). Overall, restoration sites have been success-
ful in establishing woody riparian species where soil condi-
tions were suitable (Hujik & Griggs 1995a, 1995b; Griggs
& Peterson 1997; Griggs & Golet 2002). However, thus far,
native understory recruitment has been minimal (Holl & Crone
2004).

Landbirds. Species richness of landbirds (passerines and
near-passerines) was measured by analyzing two different
datasets collected from two different field methods. To deter-
mine whether taxonomic response to restoration varied sea-
sonally, we computed richness from standardized effort mist-
netting capture data (Dunn & Ralph 2004) derived from
restored and remnant riparian habitats sampled over three sea-
sons (summer, autumn, and winter) between 1999 and 2006,
when restoration sites were aged 8–15 years. At each site,
12-m and 36-mm-mesh mist nets were operated for 5 morn-
ing hours per day for approximately 10 days per season. Nets
were opened 45 minutes before sunrise. Captured birds were
identified, measured, and banded with standard U.S. Fish and
Wildlife Service bands before being released.

To determine whether there was consistency in how restora-
tion sites ranked over time, and to compare spatial variability

in the response of different taxa to restoration, we calcu-
lated species richness and β-diversity by analyzing point count
data during the breeding season at four restoration sites from
1996–2002 when these sites were aged 5–11 years. Point
count data comprised a larger and more robust dataset than
mist-net data and were better suited to estimating species rich-
ness. We established a series of survey stations approximately
200 m apart (Ralph et al. 1993). Point count stations were
surveyed three times during the breeding season from 1996
through 2001, and twice in 2002. The duration of each count
was 5 minutes, and all birds seen or heard were recorded. We
used only those birds noted within 50 m of the observer and
assumed that detection probabilities were similar within this
distance among site types and years. Counts began at dawn
and continued up to 4 hours past sunrise. See Gardali et al.
(2006) for additional study details.

Rodents. We determined native rodent species richness
from captures and observations made at young (aged 3–4
years) and older (aged 12–15 years) restoration and remnant
(>25 years old) sites along a 118-km reach of the Sacramento
River (Table 1, Fig. 2). Three replicates of each site type
were sampled with Sherman live traps (Wiener & Smith
1972) and with visual surveys (techniques adapted from MELP
[2001]) during spring and autumn 2005–2006. At each site,
we sampled for five consecutive days using 100 traps arranged
in a 10 × 10 trap grid with traps spaced 10 m apart. Once
we completed the live trapping, we conducted visual surveys
within all cells of the trap grid at each site. See Golet et al.
(2007) for additional study details.

Bees. We calculated average bee species richness based
on capture data from geographically paired restoration sites
(aged 8 years) and remnant forest/scrub habitats distributed
along a 66-km reach of the Sacramento River (Table 1, Fig. 2,
Williams 2007). Paired sites were separated by 0.5–3.8 km. At
each site, 1-ha plots were established where bees were sampled
with sweep nets at flowering plants and with water-filled
pan traps (n = 30) spaced regularly along two crossed 100-
m transects (see http://online.sfsu.edu/∼beeplot/ for additional
details on trapping methods). Plots were surveyed every 6
weeks from late February through August 2003 (five sampling
periods within 1 year).

Beetles. We determined beetle morphospecies richness
from captures made at pitfall traps at young (aged 1–3 years)
and older (aged 6–10 years) restoration sites and remnant
riparian habitats (>25 years old) along a 31-km reach of
the Sacramento River (Table 1). Three replicates of each site
type were sampled monthly for one full year (December
2000–November 2001), and average morphospecies richness
values were calculated for each site type for each sampling
period. At each site, 12 traps were placed 15 m apart in a
3 × 4 grid. Traps were left open for collections for seven
consecutive days each month. Following collection, beetles
were identified to the lowest taxonomic level possible based
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Table 1. Study sites, associated habitat types, hectares planted, and taxa studied.

Site Name Habitat Types (years, hectares planted) Taxa Studied (years sampled)

Flynn1 Restoration site (1996–2000, 144) Bees (2003)
Remnant riparian Bees (2003)

Kopta Slough2 Restoration site (1989–1992, 134) Landbirds (1996–2002, 2004, 2006), Rodents (2005–2006), Beetles (2001)
Remnant riparian Landbirds (1996–2003)

Rio Vista1 Restoration site (1993–2000, 376) Rodents (2005–2006), Bees (2003), Beetles (2001)
Merril’s Landing3 Remnant riparian Rodents (2005–2006), Bees (2003), Beetles (2001)
Pine Creek1 Restoration site (1997–1999, 226) Beetles (2001)

Remnant riparian Beetles (2001)
Capay1 Remnant riparian Landbirds (2000, 2004, 2006)
Phelan Island1 Restoration site (1991–2002, 70) Landbirds (1996–2004, 2006), Rodents (2005), Bees (2003), Beetles (2001)

Remnant riparian Rodents (2005–2006), Bees (2003), Beetles (2001)
Jacinto3 Restoration site (2001, 15) Rodents (2005)
Sul Norte1 Remnant riparian Landbirds (1999, 2002–2004, 2006)
Princeton South3 Restoration site (2001, 13) Rodents (2005–2006)
Stegeman3 Remnant riparian Rodents (2005–2006)
Moulton North3 Restoration site (2002, 15) Rodents (2005–2006)

Some sites have multiple habitat types present. Many of the restoration sites are composed of sets of fields that were planted over a series of years. The locations of these sites
along the Sacramento River are depicted in Figure 2. Sites are listed according to their locations on the river, from north to south.
1Units of the USFWS Sacramento River National Wildlife Refuge Complex.
2Properties managed by The Nature Conservancy.
3Units of the Department of Fish and Game Sacramento River Wildlife Area.

Figure 2. Locations of study sites within the 161-river km Sacramento River Project area. The left map shows the northern half of the Project area and
the right map illustrates the southern half. Inset map shows the location of the Project area within California, U.S.A.
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on external morphology, and then classified as morphospecies
(Oliver and Beattie 1993; Beattie and Oliver 1994). Although
distinct morphospecies may not always represent true species,
this classification represents the finest division practical for
this diverse and relatively unstudied group.

Statistics

For rodents, bees, and beetles, we used univariate repeated
measures general linear models (GLM) to test for effects of
site type, season, and site on species richness (SYSTAT 1996).
In all cases, the assumption of compound symmetry was met,
as determined by computation of the Greenhouse–Geiser and
Huynh–Feldt statistics (SYSTAT 1996). For birds, we did
not incorporate a repeated measures analysis into our GLM
because the data structure would not support it (site locations
varied among seasons and years, and not all seasons were
studied in all years). We used parametric statistics because
species richness, percent representation, and β-diversity values
were independent, and the residuals of our applied models
were approximately normally distributed. Because our values
of percent representation were calculated after pooling all
samplings of a given season, they lacked variance; hence,
they could not be compared among seasons with statistical
significance testing. However, we were able to test for
statistical differences in present representation among taxa,
and between young and older sites, which we did with an
analysis of variance (ANOVA). To test for differences among
taxa in β-diversity, we used ANOVA and computed Tukey
pairwise comparison probabilities (SYSTAT 1996). Percentage
data were arc sine transformed. Unless otherwise indicated,
means are presented ± SE, and all tests are two-tailed.

Results

Temporal Variability in the Response of Taxa to Restoration

Landbirds. Restoration success, assessed by comparing
landbird species richness between restored sites and remnant
riparian habitat, differed depending upon the season when it
was assessed (site type × season interaction: F2,17 = 7.5, p =
0.005, Fig. 3A). During summer and autumn, restoration sites
had lower species richness than remnant ones; however, in
winter no such difference was observed. Also, in winter, the
percent representation of native birds at restoration sites was
the highest among seasons studied (Fig. 3A).

Overall, native landbird species richness was significantly
higher at remnant sites than at restoration sites (F1,17 = 19.8,

p < 0.001, Fig. 3A), and differed seasonally, being highest
in autumn, intermediate in summer, and lowest in winter
(F1,17 = 21.5, p < 0.001, Fig. 3A).

Over 7 years of study, there was no significant difference in
the performance of taxa at individual restoration sites (F2,17 =
2.5, p = 0.12, Fig. 4A), with three of the four restoration sites
having taxa with nearly identical performance. KOSL2, the
site that had taxa with the lowest overall performance, was an
exception. It ranked lowest in the last 5 of the 8 study years.
For the other three sites, the relative rankings varied widely
among sampling years. Richness at PHIS1 was especially
variable. It ranked highest in 3 years, lowest in 2 years, and
intermediate in the remaining 3 years.

Rodents. Native rodent species richness was not signif-
icantly different between restoration and remnant habitats
(F2,6 = 3.0, p = 0.12, Fig. 3B). The restoration success also
did not vary seasonally: there was no significant site type ×
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Figure 3. Seasonal species richness patterns for (A) landbirds, (B) rodents, (C) bees, and (D) beetles at Sacramento River riparian restoration sites and
remnant habitats. Percent representation (the percent of remnant species that were observed at the restoration sites) for each sampling period is indicated
by the values at the base of the bars. See Methods, Table 1, and Figure 2 for ages of restoration sites, years of study, and study site locations.
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Figure 4. Comparisons of species richness patters across time at different Sacramento River riparian restoration sites for (A) landbirds, (B) rodents,
(C) bees, and (D) beetles. See Methods, Table 1, and Figure 2 for ages of restoration sites, years of study, and study site locations.

season interaction in rodent species richness (F6,18 = 0.7, p =
0.65, Fig. 3B). Percent representation of native rodents at
restoration sites was similar among seasons and did not dif-
fer between young and older sites (F1,2 = 0.042, p = 0.86,
Fig. 3B).

Overall, native species richness varied significantly among
sampling periods (F3,18 = 3.6, p = 0.035). This difference
appeared to be driven by variability at individual sites (e.g.,
PRSO, Fig. 4B), as opposed to that by uniform patterns of
change across all sites. Mean native species richness was
similar among both older (Fig. 4B) and younger (not shown)
restoration sites.

Bees. Overall, there was no significant difference in bee
species richness between restoration and remnant sites (F1,2 =
0.037, p = 0.87, Fig. 3C). There was, however, a strong sea-
sonal difference in species richness (F4,8 = 19.9, p < 0.001,
Fig. 3C), being highest in spring, intermediate in summer, and
lowest in winter. During winter and spring, remnant riparian
habitats appeared to have slightly higher species richness than
restoration sites, while during summer the reverse was true.
These differences were small, however, and overall there was
no difference in restoration success among seasons (site type
× season interaction: F4,8 = 0.94, p = 0.49, Fig. 3). Percent
representation was lowest in winter, intermediate in spring,
and highest in summer.

There was also no statistical difference in species richness
among sites (F4,8 = 0.94, p = 0.49). Among restoration sites,
PHIS typically ranked highest and RIVI consistently ranked
lowest (Fig. 4C); however, at paired remnant sites, richness
was similar among the three locations.

Beetles. Morphospecies richness varied among site types
as a function of the month it was sampled in (significant site
type × month interaction: F22,66 = 3.5, p < 0.001, Fig. 3D),
suggesting that restoration success varied seasonally for bee-
tles. We also observed a strong seasonal difference in richness
(F11,66 = 46.7, p < 0.001, Fig. 3D) with highest values being
observed in spring, as was the case with bees. Overall, rem-
nant habitats appeared to support more morphospecies than
restoration sites, and older restoration sites had higher mean
richness than young sites. However, these differences were
small and statistically insignificant. Percent representation of
beetles at restoration sites was similar among seasons and was
significantly higher at older restoration sites than at young sites
(F1,6 = 30.3, p = 0.002, Fig. 3D).

No significant difference was detected in species richness
among sites (F3,3 = 0.41, p = 0.76). Averaged over the course
of a year, older restoration sites had nearly identical richness;
however, the relative success of individual sites varied depend-
ing upon the month when it was studied (Fig. 4D). A very
similar pattern was observed for young restoration sites (not
shown).

Taxonomic Variability in Response to Restoration

The four taxonomic groups differed significantly in β-diversity
(F3,46 = 8.3, p < 0.001). No difference was found among
taxa grouped according to vagility (bees and birds vs. bee-
tles and rodents, F1,50 = 2.26, p = 0.14). However, inverte-
brates had significantly higher β-diversity than vertebrates
(bees and beetles vs. birds and rodents, F1,50 = 7.4, p =
0.008). And there was a significant interaction between
taxonomic order (vertebrates vs. invertebrates) and vagility
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Figure 5. Comparisons of β-diversity among four taxonomic groups at restoration sites and remnant habitats on the Sacramento River, California, U.S.A.

(F1,50 = 7.4, p = 0.008), suggesting that among vertebrates
more highly vagile taxa (landbirds) have lower β-diversity
than less vagile taxa (rodents), although this was not the
case among invertebrates. Overall, no difference was found
in β-diversity between restoration sites and remnant habi-
tats (F1,46 = 0.66, p = 0.42). However, landbirds at remnant
habitats had significantly lower β-diversity than at restoration
sites (t = 5.0, p < 0.001), while the reverse was observed for
rodents (t = 6.2, p = 0.025, Fig. 5).

Percent representation was significantly different among
taxa (F3,14 = 6.83, p = 0.002, Fig. 3), and was higher among
vertebrates than invertebrates (F1,16 = 13.08, p = 0.002).

Discussion

Variability in Restoration Success among Seasons, Taxa, and
Sites

Our results provide strong evidence that determinations of
restoration success, made by comparing species richness and
percent representation data between restoration and remnant
sites, can vary depending upon the season when it is assessed.
While this might be an expected result for highly vagile and
migratory taxa like birds, we also found this to be true for
more sedentary taxa such as beetles.

In the case of landbirds, riparian restoration sites appeared
to support as many species as remnant areas in winter, but
not during summer or autumn. This suggests that restoration
sites were used by as many species as remnant sites for over-
wintering, but not for summer breeding or autumn migration.
This may be because different assemblages of birds use Sacra-
mento River riparian habitats during different seasons (Humple
& Geupel 2002), and species that make up the wintering bird
communities may be more habitat generalists than those found
on the river at other times of the year.

For bees and beetles, there were clear peaks in species
richness in spring at both restoration and remnant sites. The
generality of this result is unknown, however, as these taxa
were studied in only 1 year. If this result is borne out in
future studies, then this season should be a priority for future
sampling efforts, as it is the most appropriate time to test

whether restoration projects are achieving the goal of increas-
ing the diversity of riparian ecosystem insect functional types
(e.g., scavengers, herbivores, detritivores, and predators) and
the important ecosystem services they provide (e.g., pollina-
tion, decomposition). This recommendation holds whether the
increased capture rates are a function of differences in species
occurrence at the sites, or simply due to different levels of
activity. However, researchers should recognize that determi-
nations of restoration success during spring may differ from
those made in other seasons, as we found with beetles. And
furthermore, that species assemblages, and the associated eco-
logical functions they perform may vary from one season to
the next, such that assessments across multiple seasons are the
most desirable.

Previous researchers have identified sedentariness and habi-
tat specificity as biological correlates of high β-diversity (e.g.,
Shmida & Wilson 1985; Westoby 1985). Our findings with
the vertebrates we studied were consistent with this predic-
tion, as we found that the highly vagile taxonomic group that
we studied (birds) showed considerably less variability among
sites than the more sedentary group (rodents). However, no
such difference was found among invertebrates. That a vagility
effect was present for vertebrates but not invertebrates may be
due to relatively greater dispersal abilities among birds than
bees, and/or a function of how the different taxa studied inter-
act with the specific configuration of remnant and riparian
habitats in our study area. Both topics deserve further study.

We found no significant differences in species richness
among the individual restoration sites studied, and for land-
birds, rodents, and beetles, mean species richness at these sites
was remarkably similar overall. Yet, despite this uniformity,
there was considerable variability in the relative performance
of taxa at restoration sites from one sampling event to the next,
such that the ranking of the sites often changed quite dramat-
ically. This suggests that sites should be studied over several
seasons and years before conclusions are made about success
of different restoration sites. Bees were an exception to this
rule. Among this group, there were pronounced differences in
how taxa at the individual sites performed, and the relative
ranking of restoration sites was consistent among sampling
periods.
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Selection of Metrics and Taxa for Assessing Restoration
Success

The Society for Ecological Restoration (SER) recommends
that restoration success be assessed by characterizing a suite of
biodiversity and ecosystem attributes. The first, and arguably
most important attribute, is “. . . a characteristic assemblage
of the species that occur in the reference ecosystem and
that provide appropriate community structure” (SER 2004).
This recommendation suggests that species richness should
be complemented with information on community compo-
sition and structure to properly characterize restoration out-
comes.

We found that percent representation provided useful infor-
mation on community composition that was complementary to
what was conveyed solely by species richness data. In general,
percent representation tracked species richness fairly closely,
such that percent representation tended to be higher in seasons
when restoration site species richness was closer to remnant
site species richness. However, variations on this theme are
revealed when restoration sites of different ages are compared.
These variations provide useful information about the trajec-
tory that restoration sites are on. For example, although beetle
species richness was quite similar overall at young and older
sites, the older sites had considerably higher percent represen-
tation of beetles observed at remnant sites. Similarly, although
species richness of rodents at young restoration sites tended
to be higher than that at older restoration sites, percent rep-
resentation was quite similar overall among site types. The
implication is that even when older sites do not have more
species occurring at them than the younger sites, their species
assemblages may more closely approximate what is observed
at remnant habitats. This is a desirable outcome from a restora-
tion standpoint, as it implies that restoration sites are becoming
more similar to remnant sites as they mature, but is one that
would have been obscured if species richness data were con-
sidered alone.

Comparisons of species richness between restored and rem-
nant sites may be strongly complemented by similarity analy-
ses that utilize abundance data to compare the frequency distri-
butions of desirable species. Commonly employed approaches
include ordination and cluster analyses (e.g., Bray–Curtis,
Correspondence Analysis). Applications of these approaches
to Sacramento River data show the potential they have for
yielding additional insight about how taxa respond to restora-
tion. In the case of bees, we found a similar diversity of
bees at restoration and remnant sites, but the communities
were quite different as expressed through ordination (Golet
et al. 2008), and only about half of the species among paired
restoration and remnant sites overlapped. With beetles we
saw that overall species richness was not different between
young and older restoration sites; however, a cluster anal-
ysis demonstrated that older sites have beetle communities
more similar to remnant sites than those in the young sites
(Golet et al. 2008). Assessments of restoration success for
these two taxa clearly benefited from incorporation of both
community similarity analyses and diversity indices. In the

absence of species richness data on bees, we might have con-
cluded that the restoration sites were not successful as the
communities were dissimilar. And, in the case of beetles, with-
out the similarity analysis, we would not have been able to
determine whether or not the beetle community at restora-
tion sites was coming to resemble that of remnant habitats
(although percent representation data point to this as well). We
therefore concur with Pélissier et al. (2003) that the analysis
of species–environment relationships should simultaneously
encompass an ordination technique and a consistent measure-
ment of taxonomic diversity.

Each of the taxonomic groups in our study exhibited
different patterns of response to restoration, suggesting that
the most comprehensive view of restoration success comes
from integrating data collected on multiple taxa. However,
because doing so may not always be feasible or affordable,
the information value that is derived from the investigations
of different taxa is worth considering. In our situation, and
with the analytical approaches we used, certain taxa stood out
as being more valuable to study than others.

Among vertebrates, studies of landbirds were more informa-
tive than studies of rodents, largely due to differences in the
number of native species in the two groups. For taxa with low
species richness, such as rodents on the Sacramento River, it
is especially important to analyze abundance patterns in addi-
tion to species richness. Low species richness among rodents
at both restoration sites and in remnant habitats meant that dif-
ferences in restoration success among sites and seasons were
necessarily slight. In contrast, studies of landbirds, a much
more specious group, revealed interesting patterns of response
(discussed above) across both seasons and sites.

Among invertebrates, studies of both bees and beetles
were very informative, and in fact the contrasting patterns
of restoration success exhibited by the two groups greatly
increased the value of information that came from either of the
single taxa studied in isolation. For example, among beetles
but not bees, restoration success varied across seasons. Yet,
for bees, but not beetles, there were consistent differences in
species richness across sites.

Importantly, our study suggests that the evaluation of
restoration success based on the response of vertebrates does
not adequately represent the response of invertebrates. Overall,
we found that there was less variability in species richness
across sites (lower β-diversity) among landbirds and rodents
than among bees and beetles. Restored sites that contained
similar vertebrate species did not necessarily contain similar
invertebrate species. These results parallel those of Oliver
et al. (1998), who found lower β-diversity among mammals
and birds than invertebrates (and plants) across forest habitats
in Australia. The implication of these findings for assessments
of restoration success is that there is a need to study insects,
as the distribution patterns of birds and mammals do not
necessarily mirror those of this group. More generally, it
should be concluded that, in studies of restoration success,
taxa with low β-diversity cannot be considered as surrogates
for those with high β-diversity. The reverse may be possible,
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but this needs to be confirmed through studies of cross-taxon
congruence.

It has been convincingly demonstrated by various research-
ers (e.g., Webb & Hopkins 1984; Wilcox et al. 1986; Kremen
1992; Balmford & Long 1995; Oliver et al. 1998; Roberge &
Angelstam 2004) that the evaluation of habitat value based
on the occurrence patterns of a few better-known taxonomic
groups does not adequately represent the biodiversity of other
groups that may be uncorrelated with the surrogate taxon. Our
study extends these findings to evaluations of restoration suc-
cess where it may be similarly misleading to draw conclusions
of the restoration outcome based upon a limited suite of indi-
cator taxa.

Implications for Practice

• Determinations of restoration success based on species
richness data may vary among seasons and taxa.

• Certain taxonomic groups may be more spatially and
temporally variable than others in how they respond to
restoration.

• The relative performance of taxa at individual restoration
sites may change over time.

• Assessments of restoration success are most informative
when informed by multiple metrics, including species
richness, percent representation, β-diversity, and those
derived from community similarity analyses (e.g., ordi-
nation, cluster analysis).

• In studies of restoration success, taxa with low β-
diversity (variability in species richness across sites)
should not be considered as surrogates for those with
high β-diversity.

• The evaluation of restoration success based on the
occurrence patterns of a few better-known taxonomic
groups (e.g., of birds and mammals) does not adequately
represent the biodiversity of other groups (e.g., insects)
that may be uncorrelated to the surrogate taxon.
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