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Abstract This study performed the first systematic
evaluation of the success of habitat mitigation at estab-
lishing the threatened Valley elderberry longhorn beetle
(Desmocerus californicus dimorphus) and its host plant,
blue elderberry (Sambucus mexicana). Habitat mitigation
performed through enforcement of the U.S. Endangered
Species Act represents a tightly controlled form of habitat
restoration, facilitating the evaluation of restoration prac-
tice. Restoration plantings of blue elderberry have been
substantial in our study area, the Central Valley of Cali-
fornia. Surveys of 30 mitigation sites and 16 nearby natural
sites showed that mitigation sites were a fraction of the size
of natural habitat areas (mean = 24%) and contained
smaller shrubs. The beetle colonized 53% of mitigation
sites and its populations were denser in sites with moderate
levels of dead stems on elderberry shrubs, and moderate
damage to elderberry stems and bark. This likely indicates
that the beetle responds to stressed shrubs, which are likely
to contain elevated levels of nitrogen. Beetle density also
increased with the size and age of mitigation sites. This
indicates a need to make restoration sites as large as pos-
sible and to monitor these sites for longer than current
guidelines suggest, thereby allowing more time for con-
vergence of natural and mitigation sites. Few factors
examined here directly influenced the growth of elderberry
shrubs, but elderberry grew more rapidly in sites closer to
riparian areas, indicating that such sites should be favored
for mitigation sites.
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Introduction

The Valley Elderberry Longhorn Beetle (“VELB”),
Desmocerus californicus dimorphus Fisher, (Coleoptera:
Cerambycidae) is endemic to California’s Central Valley
(Linsley and Chemsak 1972; Barr 1991), and has been a
target of substantial restoration and mitigation effort. The
VELB was listed as federally threatened in 1980 because of
habitat loss and degradation (USFWS 1980). The recovery
plan (USFWS 1984) contained only general biological
criteria to aid recovery. Recovery methods consist of
planting the beetle’s sole host plant, blue elderberry
(Sambucus mexicana, C. Presl: Caprifoliaceae), and
avoiding harmful factors, such as pesticides, construction
dust, and habitat destruction. It is not clear that these
recovery strategies have promoted increases in the abun-
dance or distribution of the beetle. For example the beetle
occupies no more than 25% of apparently suitable elder-
berry shrubs (Collinge and others 2001; Talley and others
2007), indicating that factors other than host plant avail-
ability limit its distribution. Blue elderberry planting
efforts have included over 130,000 shrubs in riparian res-
toration sites and over 47,000 shrubs through habitat
mitigation in Habitat Conservation Plans (HCP’s) con-
ducted both through Section 10(a)1(b) of the Endangered
Species Act (ESA) for private parties and through ESA
Section 7 consultations for Federal agencies (Talley and
others 2006). From the perspective of restoration and its
evaluation, mitigation plantings represent a tightly
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prescribed form of restoration that allow evaluation of the
effects of restoration. Despite the large amount of planting
of blue elderberry there have been few attempts to evaluate
its success in mitigation or restoration (existing attempts
are described below).

For restoration in the form of mitigation, Kareiva and
others (1999) and Harding and others (2001) evaluated 43
HCPs for 64 species. Their main findings were that there
was considerable uncertainty in whether mitigation was
likely to succeed; monitoring of mitigation was in place for
only 51% of plans and was rarely considered adequate.
Holyoak (unpublished data) evaluated mitigation reports
for the threatened VELB and found that many reports were
missing from USFWS files, and that transplanted elder-
berry shrubs were especially valuable because they brought
both beetles and plants of a suitable size for beetles to
mitigation sites. The low quality and lack of consistency of
data in mitigation reports meant much of the information
they contained could not be used to test restoration prac-
tice. Evaluation of five restoration sites along the
Sacramento River (California) by Alpert and others (1999)
for 10 species of woody plants, including blue elderberry,
showed that first-year elderberry survival was highly var-
iable among sites (13-100%), and elderberry grew in
height faster on finer (“less sandy”) and deeper soils (Al-
pert and others 1999; see also Hey and Phillippi 1999 for a
single-site evaluation). There is, therefore, a need to
understand more of the causes of among-site variation in
mitigation success, defined here as establishment of vig-
orously growing blue elderberry shrubs and large VELB
populations.

Mitigation for the VELB consists of planting elderberry
seedlings and associated woody species, and transplanting
mature elderberry shrubs. Various factors potentially
influence the success of such mitigation: the age, size, and
nutrient composition at which elderberry become suitable
habitat for VELB colonization (Barr 1991); the direct and
indirect effects on VELB of other species, particularly
invasive predatory Argentine ants (Linepithema humile)—
which are spreading through riparian habitats in California
and are capable of displacing native arthropods, including
other native ants (e.g., Ward 1987; Holway and others
2002) and the VELB (Huxel 2000); habitat patch size,
distribution, and location (Collinge and others 2001); and
site factors that may affect elderberry growth and survival,
including site age, irrigation, soil characteristics, and
associated vegetation.

The uniformity of restoration practices within mitigation
sites for the VELB is mandated by USFWS Conservation
Guidelines that were completed in 1988 and have been
modified three times (USFWS 1988, 1992, 1996, 1999).
The changes reflect increasing concern over persistence of
the VELB (e.g., Collinge and others 2001) and the
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impression that mitigation sites frequently remained un-
colonized by beetles. Modifications included an increase in
elderberry planting ratios from two to ten new elderberry
seedlings for every one elderberry stem lost (stems being
defined as being of 2.5 cm or greater at ground level). In
1994 the guidelines were modified to include the planting
of associated native shrubs and trees.

We here addressed a series of questions about the suc-
cess of habitat mitigation at establishing healthy blue
elderberry plants and VELB populations: Do mitigation
sites differ from natural sites in the size and condition of
elderberry and the type and amount of associated vegeta-
tion? Does VELB colonization increase with site age? Is
VELB colonization or abundance influenced by distance to
natural habitat from mitigation sites, distance from water
bodies, or whether sites were within floodplains? Does
irrigation type or whether sites are located within flood-
plains influence VELB abundance? Does the growth and
condition of elderberry differ in response to site conditions
such as site age, type of irrigation, associated vegetation,
and whether sites were within floodplains or not? How
frequently are invasive predatory Argentine ants found in
mitigation sites and is there any indication of effects on
VELB or native ants? These questions were used to help
guide suggestions for improving mitigation practice for the
VELB.

Methods

Habitat factors were measured at 30 mitigation sites and at
16 natural sites distributed throughout California’s Central
Valley. Appendix describes locations and details for each
site. Mitigation sites were selected from mitigation moni-
toring reports obtained from California Department of
Transportation (CalTrans for sites they initiated), Depart-
ment of Water Resources, USFWS, and California
Academy of Sciences. Mitigation sites were selected if the
report contained a map or detailed location for the con-
servation site, if the report listed at least 30 planted
elderberry shrubs, and if the conservation site was located.

Natural sites were within 20 km of selected mitigation
sites, and were approximate nearest known locations of
VELB populations (Barr 1991). These sites were not
selected randomly from among all possible natural areas
with blue elderberry. Because this was a deliberate attempt
to represent suitable conditions for the VELB, rather than a
sampling of randomly selected natural areas with blue
elderberry, we did not compare the frequency of VELB in
mitigation and natural sites.

Mitigation sites were surveyed in July—early November
2005 and February—April 2006, while natural sites were
surveyed in April-September 2006, and the metrics
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measured are presented in Table 1. Although certain
characteristics were measured in 2005 in mitigation sites
versus 2006 in natural sites (Table 1), and in different
seasons, these were sufficiently fixed not to have expected
to have changed between consecutive years. Relative
growth rate was calculated for elderberry shrubs in miti-
gation sites as RGR = (¢, — ¢;) / @1, where @, is the
maximum stem diameter in year 2, and @, is the maximum
diameter in year 1. Soil variables were evaluated separately
(Koch-Munz and Holyoak in press) and are not considered
here.

We conducted the following analyses, all of which were
performed in Statistica 6.1 (Statsoft Inc., Tulsa OK): (1) A
MANOVA to test whether mitigation sites differed from
natural sites in the size and condition of elderberry, and the
type and amount of associated vegetation; (2) Contingency
tests of the frequency of VELB presence/absence per-
formed on individual shrubs for various habitat factors:
irrigation type, amount of bark damage, type of stem
damage (none, pruned, burned), percent dead stems (0—
25%, 25-50%, 50-75%, 75-100%), elderberry condition

(0 = dead to 4 = healthy), type and percent (0%, 1-25%,
25-50%, 50-75%, 75-100%) of canopy cover over elder-
berry, species and percent (0-25%, 25-50%, 50-75%,
75-100%) of overgrowth of elderberry shrubs by other
shrubs, species and percent (0-25%, 25-50%, 50-75%,
75-100%) of vines overgrowing elderberry, herb/grass
understory type and percent (0-25%, 25-50%, 50-75%,
75-100%), and leaf damage type and percent (0-25%,
25-50%, 50-75%, 75-100%); (3) A multiple regression to
test whether VELB abundance (and a logistic regression
for VELB presence/absence) varied with site age, site size,
distance from natural sites containing VELB, and distance
from water bodies; (4) ANOVA’s to test whether VELB
colonization or abundance were influenced by whether
sites were within floodplains, irrigation type, and associ-
ated vegetation; (5) Regressions to test if elderberry growth
rate or condition in mitigation sites changed with site age,
distance from water bodies or natural sites, or the size and
age of mitigation sites. For elderberry relative growth rate
(RGR), we found that it was negatively related to elder-
berry size and we therefore corrected for elderberry size by

Table 1 Data from field surveys and GIS layers measured during this project

Characteristic

Year of survey

Mitigation sites Natural sites

Measured for/at each elderberry

Presence/absence of VELB (new, 1-yr old, old holes)
Abundance of VELB (new, 1-yr old, old holes)
Stems per shrub of >2.5 cm per shrub

Basal diameter of stems of >2.5 cm diameter (cm)
Shrub height (m)

Canopy length and width (m)

Elderberry habitat quantity index

Elderberry condition index (0 = dead, 4 = most healthy)
% and type of leaf damage (herbivory)

% and type of nonelderberry canopy cover

% and type of nonelderberry shrub cover

% and type of ground cover (understorey)

% and type of overgrowth by vines

Irrigation type

Site characteristics

County

Waterway/watershed

Within FEMA 100-year floodplain

Site age (years since planting)

Argentine ant presence and relative abundance
Distance to nearest VELB population

Distance to nearest water way/body

2005, 2006 2005, 2006
2005, 2006 2005, 2006
2005, 2006 2006
2005, 2006 2006
2005, 2006 2006
2005, 2006 2006
2005, 2006 2006
2005, 2006 2006
2005, 2006 2006
2005 2006
2005 2006
2005 2006
2005 2006
2005 n/a
Fixed Fixed
Fixed Fixed
Fixed Fixed
Fixed n/a
2006 2006
2006 n/a
Fixed Fixed

The year of measurement is given for mitigation and natural sites, or as fixed for characteristics that do not change; n/a = not applicable. Shrubs
consisted of either seedling elderberries or transplants in all cases. New holes were <1 year old. Further details of variables are given in Talley

and others (2007)
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using the residuals from the regression of RGR versus
maximum stem diameter. These residuals were used in
tests of the effects of factors listed here; (6) ANOVA’s to
test whether elderberry size or condition varied with type
of irrigation, and associated vegetation; each ANOVA was
for two factors’ site identity and the chosen factor nested
within this for individual shrubs—we did not attempt more
complex designs because of the arbitrariness of which
factors to include in each analysis and all factors could not
be included in a single analysis; (7) A regression to test the
effect of site age on the frequency of Argentine ants, and
correlations to test whether the presence of Argentine ants
in mitigation sites influenced either the frequency of native
ants or VELB.

Results
Comparing Natural and Mitigation Sites

A MANOVA showed that on average compared to 16
natural sites, 30 mitigation sites were smaller, contained
smaller elderberry shrubs but with more stems per shrub,
and contained less native ants (Table 2; Wilks’
lambda = 0.105, p < 0.0001). Mitigation and natural sites
did not differ in mean elderberry shrub condition, soil
moisture levels, or the mean number of Argentine ants per
shrub (Table 2). On average, mitigation sites were only
24% of the size of natural sites (Table 2).

Factors Influencing the Presence of VELB

VELB were present in 16 of 30 (53%) mitigation sites. A
comparison of shrubs that contained VELB and those that
did not within mitigation sites involved 15 > tests
(Table 3), of which 8 (53%) were significant at p < 0.05,
which is far more than the 5% of tests expected to be

Table 2 One-way ANOVA’s comparing mitigation and natural sites

significant by chance alone; applying a more conservative
statistical test, a sequential Bonferroni correction, led to
significance (at p < 0.05) of only the first four factors listed
in Table 3. When we nested shrubs within sites in pre-
liminary tests we found broadly similar patterns to those
without sites in Table 3, which we present because they are
considerably less complex to summarize. We also tested
for autocorrelation of residuals using Durbin-Watson tests
but found no significant autocorrelation (at p < 0.1). Four
comparisons were strongly significant (and significant at
p < 0.05 in sequentially-corrected Bonferroni tests): (1)
Relative to their average rate of occurrence across all
shrubs, VELB were more frequently absent (and less fre-
quently present) in sites with drip irrigation (Table 3a).
Further, they were present more frequently than average in
sites lacking irrigation, and absent more often than average
in sites with sprinklers (Table 3a). Further analysis showed
that this was likely an effect of site age, since visited sites
with drip or sprinkler irrigation were younger than sites
with no irrigation (F336=3.55, p =0.03 in a l-way
ANOVA, means: no irrigation 10.3 years + 0.8 SE years;
drip 8.7 & 1.3 years; and sprinkler 5.1 £ 0.9 years). (2)
VELB were more likely to be present and less likely to be
absent in shrubs with partial bark damage (as opposed to
girdled), and consistent with this VELB were present less
frequently than average in shrubs with no bark damage
(Table 3b). (3) In shrubs that had stems damaged by
pruning or burning, VELB were absent less frequently than
average, and similarly VELB were both present more often
in shrubs with burned stems and absent more often in stems
with no more damage than average (Table 3c). (4) VELB
were present less often than average in shrubs with 0-25%
dead stems, and absent less frequently than average in
shrubs with 25-50% dead stems (Table 3d).

Other patterns were significant without sequential Bon-
ferroni correction, but not significant at p < 0.05 when this
(somewhat conservative) correction was applied. A weaker

SS MS SSE MSE Fi 4 p I Mean mitigation ~ Mean natural
In(size in acres) 304.5 304.5 88.0 2.15 141.80  0.0001  78% 1.83 (0.24) 7.50 (0.47)
Shrub condition 0.74 0.74 10.3 0.25 2.94 0.0941 7% 2.69 (0.11) 2.97 (0.08)
Max. height (m) 105,322 105,322 468,598 11,429 9.22 0.0042 18%  326.2 (22.6) 431.8 (17.1)
Canopy width (cm) 162,875 162,875 466,963 11,389  14.30 0.0005 26%  274.6 (22.1) 406.0 (19.6)
Stem diameter (cm) 76.97 76.97 122.7 2.99 25.72 0.0001  39% 5.39 (1.78) 8.24 (1.62)
Stems per shrub 35.9 35.9 141.42 345 10.42 0.0025  20% 2.9 (0.4) 0.98 (0.47)
Leaf litter weight (g) 24,406 24,406 160,992 3,927 6.22 0.0168  13% 59.3 (94) 110.2 (22.1)
Soil moisture (%) 50.6 50.6 1,463.1 35.7 1.42 0.2405 3% 8.9 (1.1) 6.6 (1.7)
Other ant records per shrub ~ 0.12 0.12 0.78 0.02 6.24 0.0166  13% 0.07 (0.02) 0.18 (0.05)
Argentine ants per shrub 0.02 0.02 1.46 0.04 0.46 0.5013 1% 0.11 (0.04) 0.15 (0.04)

Standard errors are given in parentheses
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Table 3 Frequency and percent of expected values (in parentheses) of sites with various characteristics and VELB present or absent (from any-

aged exit holes)

Characteristic VELB absent VELB present Xz df p

a. Irrigation: none 382 (97%) 48 (128%) 9.48 2 0.008*
Drip 217 (104%) 12 (60%)

Sprinkler 29 (110%) -

b. Bark damage: none 614 (102%) 45 (81%) 33.29 2 0.0001*
Partial 34 (77%) 14 (345%)

C. Stem damage: none 616 (102%) 45 (80%) 45.75 4 0.0001*
Pruned 20 (70%) 11 (419%)

Burned 10 (91%) -

d. Dead stem % classes: 0-25% 617 (102%) 45 (80%) 42.64 3 0.0001*
25-50% 18 (80%) -

e. Elderberry condition: 0 42 (109%) - 12.64 4 0.013
1 26 (89%) -

2 179 (102%) 13 (80%)

3 259 (97%) 32 (103%)

4 143 (103%) -

f. Canopy type: none 442 (100%) 43 (105%) 25.58 14 0.03
Oak 88 (100%) -

Willow 12 (109%) -

Cottonwood 48 (105%) -

Sycamore 20 (109%) -

Elderberry 12 (73%) -

g. Canopy cover % classes - - 1.45 4 0.85
h. Shrub type - - 7.84 16 0.95

i. Shrub % classes: 0 521 (99%) 53 (109%) 10.48 4 0.033
1-25% 101 (106%) -

25-50% 19 (94%) -

j- Overgrowth type - - 5.89 6 0.44
k. Overgrowth % classes - - 1.36 4 0.85

1. Understorey type - - 12.67 5 0.026
m. Understorey % classes - - 2.62 4 0.62
n. leaf damage: insect herbivory 592 (99%) 60 (109%) 5.73 2 0.06
o. Leaf damage % classes - - 2.4 3 0.49

«w

indicates p > 0.05 or n < 10. Only characteristics with n > 10 are given. p-values are uncorrected values, and * indicates significance at

p < 0.05 when a sequential Bonferroni is applied. Oak is Quercus lobata, willow is Salix spp., sycamore is Platanus racemosa, cottonwood is

Populus fremontii

but still significant pattern was that the frequency of VELB
presence varied with the species of tree canopy present
(Table 3f). VELB were present more often than average in
shrubs with no canopy overhead and were absent more
often than expected beneath willow, cottonwood, and oak
species (Table 3f). VELB absence beneath nonplanted
mature elderberry was less frequent than the average
(Table 3f). The amount of canopy cover (measured in
percent classes) was not significantly related to the fre-
quency of VELB presence/absence (Table 3g).

We found several other patterns of VELB presence and
absence in relation to habitat factors; however, these were

inconsistent across levels of factors and/or had sample
sizes that were not much above our minimum of 10 used in
analyses, or were no longer significant at p < 0.05 if a
sequential Bonferroni correction was applied. The fre-
quency of VELB presence was significantly related to the
amount of shrubs, other than elderberry, overgrowing
elderberry shrubs, but not in a way that was easily inter-
pretable (Table 3i). The type of shrubs growing into
elderberry had no significant effects on the frequency of
VELB presence (Table 3h). Not surprisingly VELB were
more likely to be absent in dead (condition = 0) shrubs
than live shrubs; this was the effect that had the strongest
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influence on )(2 in Table 3e, and other effects of shrub
condition had little effect on y*. VELB were significantly
affected by the type of herb or grass understorey, but this
pattern was entirely due to understorey categories with less
than 10 samples (Table 31). There were no significant
effects on the frequency of VELB presence/absence from
shrubs of vine overgrowth amount or type (e.g., black-
berry = Rubus discolor and R. ursinus, poison
oak = Toxicodendron diversilobum), percent herb or grass
understorey, nor the amount of type of leaf damage
(Table 3j, k, 1, m, n, o).

In mitigation sites VELB abundance per elderberry
shrub was positively related to site size and site age
(Table 4); VELB abundance per stem was also related to
site age but not site size (Table 4). There was a weak
negative relationship between VELB per shrub and the
total number of elderberry planted per site, but this was not
quite significant (Table 4). Distance to water bodies and
distance to natural sites containing VELB were unrelated to
VELB per shrub or per stem (Table 4; similar results were
found for presence/absence).

Factors Influencing the Growth and Health
of Elderberry

Seedlings grew faster than transplants when corrected for
shrub size (Table 5, from an ANOVA in which shrub type
was nested within sites, F, 549 = 6.04, p = 0.003); mean
residual (size-corrected) growth rates for seedlings
(—0.44 £ SE = 0.01) were 79% of those for transplants
(—0.56 £ 0.03).

Size-corrected elderberry growth rate was negatively
related to site age (Table 5; see also Koch-Munz and Ho-
lyoak in press). In the same multiple regression, size-
corrected growth rate was also negatively related to the
distance from natural sites (Table 5). There were no sig-
nificant effects on size-corrected elderberry growth rates of
distance to water (although at p = 0.07 sites closer to water
had higher growth rates), site size, and number of elder-
berry planted (Table 5).

An ANOVA on size-corrected elderberry growth rates
for individual shrubs with factors nested within sites
showed that residual growth rates were higher for sprin-
klers (mean = —0.28 % 0.04) than for no irrigation or drip
irrigation (means —0.47 + 0.01 and —0.46 %+ 0.02,
respectively) and this was significant at p < 0.001
(F2,519 = 10.08). None of the other factors in Table 3 sig-
nificantly influenced the size corrected (residual)
elderberry growth rate.

Mitigation and the Presence of Argentine
and Native Ants

Argentine ants were present in 16 of 16 natural sites and 8
of 30 (27%) mitigation sites. However, mitigation sites
were surveyed in July—early November 2005 and Febru-
ary—April 2006, whereas natural sites were surveyed in
April-September 2006. The frequency of Argentine ants in
mitigation sites increased with site age (Fig. 1). However,
the frequency of Argentine ants was not related to the
frequency of VELB per shrub (r=0.03, n = 30,
p = 0.89). The frequency of native ants was also unrelated

Table 4 Regression of factors influencing the abundance of VELB per elderberry shrub in mitigation sites (total #* = 0.37), and VELB per

elderberry stem (total P = 0.36)

VELB per shrub Beta SE B SE 1 (22) p-level
Intercept -0.213 0.689 —0.308 0.761
In(distance to nearest water in m) 0.073 0.184 0.032 0.079 0.398 0.695
In(distance to natural in m) —0.230 0.191 —0.090 0.075 —1.205 0.242
Size (acres) 0.493 0.201 0.273 0.111 2.456 0.023
Number elderberry planted —0.440 0.218 23 x 107° 1.1 x 1073 —2.022 0.057
Number elderberry transplanted —0.316 0.188 —0.001 0.001 —1.680 0.109
Age (yrs) 0.468 0.195 0.092 0.038 2.395 0.027
VELB per stem Beta SE B SE t (19) p-level
Intercept —4.952 5.496 —-0.901 0.379
In(distance to nearest water in m) 0.192 0.194 0.639 0.647 0.988 0.336
In(distance to natural in m) —0.162 0.194 —0.492 0.589 —0.835 0.414
Size (acres) 0.324 0.205 0.056 0.036 1.583 0.130
Number elderberry planted —0.309 0.217 —0.001 0.001 —1.421 0.171
Number elderberry transplanted —0.211 0.193 —0.008 0.007 —1.094 0.288
Age (yrs) 0.575 0.203 0.899 0.312 2.838 0.011
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Table 5 Results of a multiple regression in which an index of elderberry growth rate was the dependent variable and sites were replicates

Beta SE B SE t (18) )4
Intercept 1.50 0.44 342 0.003
Ln(distance to nearest water in m) —0.33 0.17 —0.09 0.04 —1.93 0.069
Ln(distance to natural in m) —0.39 0.17 —0.10 0.04 —2.26 0.037
Ln(site size in acres) 0.21 0.19 0.09 0.09 1.10 0.286
Number of elderberry planted —0.18 0.20 —5.6 x 107° 6.4 x 107° —0.89 0.380
Site age (yrs) —-0.47 0.17 —0.06 0.02 —2.75 0.013

The index was the residual from Ln(RGR) versus elderberry maximum stem diameter, and, hence, was corrected for elderberry size.

Residual = 0.145 x stem diameter + RGR + 1.26. Total r* = 0.52

0.8

0.6

0.2

Argentine ant records per

0.0

Site age (years)

Fig. 1 The effect of site age on the frequency of Argentine ants
within mitigation sites. The line shows a linear regression, where
number of Argentine ants per shrub = 0.204 x site age —0.103.
Student’s tyg = 2.94, p = 0.007, =023

to the frequency of Argentine ants (r = 0.08, n = 30,

Discussion

We performed the first broad-scale field evaluation of
habitat mitigation practices and their effect on the threa-
tened VELB. Our study showed that mitigation sites were
on average only 24% of the size of natural riparian habitat
remnants containing VELB (see also Morrison and others
2003). Larger mitigation sites also contained considerably
more VELB than smaller sites (Table 4), and therefore
were substantially more valuable. Hence, caution needs to
be used to ensure that VELB mitigation does not contribute
to riparian habitat fragmentation by creating small habitat
areas which are not continuous with large expanses of
riparian habitat. Mitigation sites also contained smaller
elderberry shrubs (in height, diameter, canopy width) than
natural sites. This likely reflects that elderberry shrubs
were, on average, younger in mitigation than in natural

sites. (Surprisingly we also found more stems per shrub in
mitigation than natural sites. However, this is likely a result
of shrubs being classified as separate when their stems
were separated by gaps > 5 m at ground level, so that
larger shrubs in natural sites are more likely to cover larger
areas due to underground suckering and would be treated
as a number of separate shrubs with less stems per shrub.)
Mitigation sites also contained native ants less frequently
than natural sites, which might reflect the time taken for
native ants to colonize mitigation sites. Encouragingly, the
condition of blue elderberry was similar in natural and
mitigation sites.

A broad range of factors influenced the frequency of
VELB within mitigation sites. It might be of management
concern that VELB were more frequently absent in sites
with drip irrigation or sprinklers than with no irrigation.
However, this effect might be explained by sites with drip
or sprinkler irrigation being younger than those with no
irrigation. Younger sites would have had less time for
VELRB to colonize and increase in abundance, and we also
found that the numbers of VELB exit holes per shrub and
per stem were positively related to site age. Holyoak
(unpublished data) did not find a clear effect of site age on
the frequency with which mitigation sites were reported to
contain VELB. However this earlier study relied on data
being collected by different biologists for each mitigation
site. When data were uniformly collected, both VELB
emergence holes per shrub and per stem increased with site
age (Table 4).

Low levels of damage to elderberry shrubs increased the
frequency of presence of VELB. VELB were more likely to
be present in shrubs with partial bark damage, as opposed
to shrubs with greater levels of bark damage or no bark
damage, and were frequently present when stems were
pruned or had fire scars from previous burning. VELB were
also more frequently present in shrubs with 25-50% dead
stems than in shrubs with 0-25% dead stems. A possible
interpretation is that VELB are attracted to stressed shrubs
that may have high levels of nitrogen available within their
pith. Wood-boring beetles are known to grow better and be
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more abundant in trees with higher nitrogen levels (Haack
and Slansky 1987), but nothing more specific is known
about this for the VELB. However the relationships
between plant stress and insect performance are complex,
for instance, intermediate levels of stress are thought to be
beneficial for cambium-feeding bark beetles (Larsson
1989). The frequency of dead stems and amounts of bark
damage clearly had limits, since only partial levels of bark
damage (as opposed to girdled stems) and 25-50% dead
stems (as opposed to > 50%) led to increased VELB
presence. Talley (2007) found that VELB spatial clusters of
abundance were positively associated with spatial clusters
in levels of pith nitrogen in elderberry. Therefore, while we
can say that high elderberry nitrogen levels clearly benefit
the VELB, the relationship to elderberry plant stress is less
clear.

Another possible manifestation of this pattern, or pos-
sibly an independent effect, was that VELB were present
more often than average in shrubs with no canopy, and
were absent more often than expected beneath willow,
cottonwood, and oak species. Elderberry stress might arise
through competition between plant species, or shade cover
might reduce the chance of desiccation of VELB inside of
elderberry stems. Additionally VELB were frequently
present beneath nonplanted mature elderberry, perhaps
indicating suitability of conditions or that mature trees
provided a source from which beetles colonized. This was
not a simple effect of shading since the overall percent
canopy cover was not significantly related to the frequency
of VELB presence/absence.

It has been predicted that colonization of species fol-
lowing habitat restoration may be more rapid if sites are
closer to existing populations (e.g., Huxel and Hastings
1999). However we found that distance to natural sites
containing VELB was unrelated to VELB per shrub or
VELB per stem within mitigation sites. Our analysis
however had limited statistical power and we should
therefore be cautious about interpreting the absence of such
an effect. The distance of mitigation sites to natural sites
containing VELB varied from 100 m to 54 km. While the
exact distances that VELB can fly and regularly disperse
are unknown, it is likely that some mitigation sites would
have been readily reachable by VELB and others not (e.g.,
Collinge and others 2001). The absence of an effect of
distance between natural and mitigation sites is therefore
unlikely to be a matter of spatial scale.

Previous studies have found that blue elderberry sur-
vival was highly variable in restoration sites (Alpert and
others 1999), and among mitigation sites (Holyoak and
others in review). Some of this variation could be
accounted for by the type of irrigation used and through
annual variation in weather; most variation in survival
could not be explained (Holyoak, unpublished data). In the
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present study we did not analyze survival because we
deliberately sampled live elderberry shrubs within mitiga-
tion sites so that we could ascertain growth rates. As
reported by Koch-Munz and Holyoak (in press), within
mitigation sites, elderberry health and growth were posi-
tively correlated with the amount of total soil nitrogen and
less strongly with other soil nutrients and soil moisture.
Within restoration sites along the Sacramento River,
elderberry grew in height better on soils that were less
sandy and deep (Alpert and others 1999). We found that
transplants grew at 79% of the rate of seedlings when
corrected for shrub size. This might be caused by shrubs
being damaged during transplantation from having their
roots and shoots cut back for removal and transportation.
We also found that size-corrected elderberry growth rates
were higher for sprinklers than for sites (and shrubs) with
no irrigation or drip irrigation. Hence sprinkler irrigation
seems advantageous for elderberry growth. However,
Holyoak (unpublished data) found that survival of elder-
berry was lower for sprinkler irrigation than for no
irrigation or for any other form of irrigation (survival in
first year was 92% for bubbler irrigation, lower for hand
and drip irrigation, 77% and 76% survival, respectively,
and lowest for no specified type of irrigation, 51%, and
sprinklers 48%). Hence small differences in the growth rate of
elderberry are likely to be offset by differences in elderberry
survival. Elderberry growth rate (size corrected) was not
influenced by associated vegetation or damage to elderberry.

Contrary to fears of the potential negative effects of
predatory Argentine ants in mitigation sites (Huxel 1998;
Young and Evans 2000; Talley 2007) we found no such
effects here. We found that the frequency of Argentine ants
in mitigation sites increased with mitigation site age.
Talley and others (2006) suggested that Argentine ants
were introduced into mitigation sites in plant pots from
nurseries, and that irrigation promoted ideal conditions for
their growth and survival. If Argentine ants are introduced
in plant pots, it would be difficult to explain their increase
in frequency with site age. Increase in Argentine ant fre-
quency with site age might, therefore, represent that ants
are also colonizing sites independently of planting. The
frequency of Argentine ants was not related to the fre-
quency of VELB per shrub. The frequency of native ants
was also unrelated to the frequency of Argentine ants
(contrary to Ward 1987; Holway and others 2002). How-
ever, we should be cautious in interpreting these results
because we did not use bait traps to detect ants. Using
baited traps provides a more reliable record of ant pres-
ence. For example, Talley (unpublished) placed out bait
stations with sugar water and tuna fish for three hours, and
standardized the time of season when sites were visited.
There was also a good deal of flooding of sites prior to
sampling in 2006, which might of disrupted ant
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populations. In the present study we should therefore be
cautious about interpreting the absence of patterns between
VELB and Argentine ants, between native and Argentine
ants, and between Argentine ants and site conditions. For
example, it is known that Argentine ants in California are
associated with damp soils resulting from irrigation
(Menke and Holway 2006).

Management Implications

Our findings lead to several recommendations for restora-
tion practice. First, habitat mitigation sites for the VELB
are a fraction of the size of natural sites, and are therefore
contributing to habitat fragmentation. From this it follows
that restoration sites should be as close as possible to
existing riparian habitat areas and VELB populations, and
as large as possible; this idea is also supported by meta-
population theory and the equilibrium theory of island
biogeography (MacArthur and Wilson 1967; Hanski and
Gilpin 1991). Elderberry also grew more rapidly in sites
that were closer to natural habitat areas, perhaps because of
similarity of conditions or ground water availability. This
would also point towards the use of mitigation banks rather
than small isolated ad hoc mitigation sites. Fortunately,
habitat restoration sites that include elderberry are often
large (Talley and others 2007), but this is clearly not true of
mitigation sites for VELB.

Second, we identified several factors that make habitat
more favorable for higher densities of VELB; however,
these are not clearly factors that can reliably be manipu-
lated. Furthermore, our results are correlative, and
therefore independent experimental studies are desirable.
In particular, damage to elderberry stems and bark pro-
duced favorable conditions for VELB. However, too much
damage did not have a positive effect and the time course
over which an effect is seen is unknown. Although damage
therefore cannot easily be manipulated (at least without
further study), our findings do suggest that we should not

be overly concerned about damage to elderberry shrubs
that is nondeliberate. A fuller experimental study of the
effects of pruning is currently underway (Talley and Ho-
lyoak unpublished).

Thirdly, transplants grew proportionately less than did
seedlings. However we still recommend transplanting
shrubs because it has been shown that they provide large
elderberry plants to give mitigation sites a head start for
VELB habitat creation, and that they may bring beetles to
mitigation sites, promoting colonization (Holyoak and
others in review).

Our study was conducted on mitigation sites, which are
considerably smaller than many restoration sites containing
blue elderberry (Talley and others 2006). It is, therefore,
desirable to evaluate the performance of VELB in larger
restoration sites, which are also planted under a greater
variety of conditions. Mitigation seems somewhat suc-
cessful at establishing populations of the VELB but it is
necessary to evaluate sites that are older, where VELB
have had longer to colonize and where elderberry are closer
in size to those in natural sites. We therefore recommend
continued monitoring and evaluation of mitigation sites.

Acknowledgments We thank Rachel Zisook, Lauren Valverde,
Peter Nilsson, Henning Gertz, and Karen Adler for assistance with
field work. Assistance with site selection, access, and information was
provided by Kelly Kawsuniak, Sharon Stacey, Terry Marshal,
Margaret Lawrence, and Christina Macias at CalTrans. We thank the
following for help with access to sites and/or reports: Jane Caputo,
Nathan Higgins, and Hilary Dustin (Sequoia Riverlands Trust); Phil
Deffenbaugh, Sidney Jones, and Larry Baker (U.S. Army Corps of
Engineers); Andrew Fulks and J.P. Marie (Putah Creek Stream
Keepers); Jones and Stokes Inc.; Annalena Bronson and Dwaine
Cornett (Department of Water Resources); John Fitzpatrick (SunCal
Companies); Sara Egan (E-Corp); Dave Camden (Greenhorn Creek
Resort); Matt Gause (Wildlands, Inc); Susan P. Jones and Charlene
Steeman (USFWS Sacramento Field Office). For GIS data we thank
Diane Pierzinski (CalTrans) and Mary Meade (Office of Homeland
Security). We thank T.S. Talley and John Callaway for their guidance
and support. Funding for this project was provided by CalTrans
contract 43A0067 Task Order 52.

@ Springer



Environmental Management

ou] ‘Sunnsuo) dioog

TIOAIOSOY 61121 — I00B[q /(ITE]N QuolspeoIg)
€l (4% Y6 €9 d % N/W00s ON S/ 001 uimpreq dup ON ‘69°8¢  /OJUdWILIORS eLd-co-1-1 "ou] ‘SSWOH NONIH
Sunnsuo) dioog
q oSeurelp 61121 — I00B[q J(YMION uokue)) JoATY
L S 9 €€ ¥ N/W00r'1 ON S/ 0g - [erewaydo suou ON ‘IL'8E  /OJUdWRIORS L000-d-66-1-1  UBdLIDWY) SSWOH NOI[[H
U] ‘SQJBIO0SSY
puepom 61'1CI— SN0)S 79 souof
€l 01 801 (e /W 0081 SOA M - d/wW Q1 poresniu suou ON TL'8E 1998[d 08-4-¢671-1 /anp) Jion Aeg anuein
Sunnsuo)
JIOAIOSOY 9I' 121 — [CIUSWUOIAUF UIOOY
€l 6 0l¢c €T S/ 00Ty SOA /1 00s wos[o4 suou ON ‘SL8E 1998[d Yr-A-2671-1 /s21e1sH JuI0g SuI[INg
‘ou] ‘Sunpnsuo)
Yoo1) €CICI— dioog/youey
4 Ly LEE e HS/W 0€E9 ON  S® NwWOI (s rourpy) K1 oS0y SoA ‘9L'8¢ 1998[d L900-4-20 ‘£900-d-L6 NIARD 18 SPURYSTH
‘ou] ‘Sunynsuo)
a3eureIp 18°121— drooq/(youey
€ 0¢ SL T HSXS/W OLTT ON N/w 00T - [ereuwaydo dup ON P8¢ I90B[d  SIUSWNIOP UO PajsI] Jou propyorg) drosung
€0'1CI— SQJBIO0SSY [OIRasay
1T 9 ge 8L S/W 00€°ST ON N/® 000°T TI0AIOSOY dup ON ‘€86'8€ 1998[d 91-4-C6-1-1  spuepepy/sentadoid /N
pooy 8¢'1CI— suelL[eD/(1901ed
9 0 009 8% S/1r 008°8 ON H/w 0gE’T ToATY Iy 29 Jopyulds  sox ‘TI6€ eqnx ye-d-€671-1 URWSA) SuBLL[RD
dnoin
0911 — VTH 2yL/(1onuo)
€l 0 069°L 8'SL S/ 00T [eOHOISTH MW o1 IOATY Ioyrea] suou  S9X $0°6€ BqnA 8-d-€6-1-1  POO[] 19Ary 9eS) HOOV
16'1¢1— ad3ddL
4! SI L9V 9'¢ N/W 000°€  [BOHOISIH N/w €16 ySnofs Aydmpy suou  S9X ‘S9°6€ uuarH SOLI-I-20-1-1  /(yduey LA SueiL[eD
Lee0d
-¥0-1-1- *€L10-d-20-1
ToATY -1:9600-d-10-1-T:¥200
0JUSWRIORS -4-00-1-1:5910-4-00-1
S/ 0TL9 A/ 00T T % YeID Locel— ~1:%910-4-00-1-T:¥600 SUeLL[eD)
€ Ie €79 Sy ® M/MOTT SOA % N/ oS sowoo],  Joppumds  sox YLO6'6E BWRYSL,  -4-86-1-1°0S10-4-86-1-1 /(331D Swo0]) sueil[e)
NeID 6CCCl— 0S1-4-96-1-1°¥6 Sue1L[e)/(31D
9 Ly 0€9 8 S/W 000°7S ON S/ 08 poomuonoy uou  S9X ‘SLEOY BUreys ], -d-8671-1:S6-d-8671-1 PoOMUON0D) sueL][e)
#) NS [eImEN Apoqrare
payuerd #) JSQIBAN JSQIBAN surerd juaSe uonesnru
(s1K)  -suen pojuerd  (saroe) 0] doueIsIg {uasalg 0) doueISIg KpoqIoye (odK1, -pooy M ‘N) /(ouwreu 300foxd) Ayred
Ay qe Qo ozig Juondq dTdA JuondAI Jsa1eaN  uoneSLuy u]  S9IBUIPIOOD) Kuno) Ioquinu ased S 9[qisuodsar uonesnIN

so)1s uoneSnIWw Jo s[redd TV el

xipuaddy

pringer

as



Environmental Management

6L°611— suei]ed)

6 0Cc  68I1 98 - N M % N/WOye umbeof ueg dup A ‘L8°9¢ BIopEIA ST1-4-S6-1-1 /(POOMPIIAL) SUBLT[ED
YLOCI— suei]ed)

8 99 Yy 9y ANXH/W OI€T N N/ o1 IOATY PISION suou A ‘86¢°LE PIdION 6C10-d-L671-1 /(uOISTUIATT)SUBLT [ED
'SU0D) "AUY AIOWEIAS
00121 — /0D ¥Y °A vueg %

11 66 (444 L's M/ 00L N S/W 09 IPATY snejsiue)g suou A ‘GLrLg  umbeor ueg 8L-d-76-1-1  UIYMON uoiSurimg oy,
MS IOATY JuR)NSUO))
/W 00€°S sne[siel§ % asoy 9¢'0CI— ‘PIRYUNS "M [9BYIIN

8 L 01 ¥'C S/W 00€E'8 SOA %% M/W (9 Y1) wioyuear 29 Jopjulids  sox ‘L0°8€ SeloAe[eD) I7-4-¢6  oofoid Yea1) uloyuodIn
IoATY 89'1CI— suel] [eD/(puels

4! 178 L81 4! S/ 00s ON M/ QL ojusweIdes suou ON ‘T18¢ ouejog Ov-d-16-1-1 ueuuelg) SUBLL[ED

dup 1Tz —

L= 9T 6LS  1'8S1 S/W Q0Y'T  [BOHOISIH S/ Q1 yoorD yeind 79 Jopyuids  sox ¥8°8¢ O[oA 0-€L00904d.L staed D[y/staed DN
98'1C1— MY /(B[NSUIU™]

6 0 99¢ 6 MS/W 0009 SO HS/w 001 221D 2yde) suou  S9X ‘69°8¢€ O[0X 8000-4-16-1-1  1eNqQeH I9[[BH) HoYdIR],
H0DV
JOATY 9171 — /(300l01q 90A0T ueqIn

S1 - (Y44 L'Ly HS/W 000°T SO H/w 0ge ojusweldes dup  sox ‘SY9°8€ O[oA d8E-4-06-1-1 oBg) SNNOIS % sauof
ysnoys stAe@ D1 % 400N
N/w 08 % IoAry dup 0s'1¢l— /(UIe]N 90104 [a[[eIRd

(4 94 29 V'L S d/u QS [edSHOISIH % S/W 008 ojewees % Iopuuds  sox ‘098¢ OudWLIRS €200-4-€0-1-1 UapIy) HODV »® dSDYS
Pl
‘s901AIOS Funnsuo)
[eo13ojowojuyy
Sy'Ici— /(3NS 080D NUI]) du]

6 6¢ 16 4 HS/w 098 ON S/W QTS I9ATY UBdLIOUWY dup  sox ‘66S°8€  oRWRIoRS LST-d-96-1-1 ‘SAIBIO0SSY 2 UBWYINH
selci— /(ouedLIIWY

9 - wl L€ q/u 00S SO X S/W 00¢  JOATY UBOLIOWY Quou  S9x ‘LLG'RE  OJUSWIEIORS  SJUSWINOOP UO PAISI| JOU ory) umouyun)
SaY0)S 29 souof
dup 8T 11— /Qurog Areinquy) 0D

9 11 961 'y g/ 06 SOX  MNXN/W (0S  IOARY ueoLowy 29 Jopjuuds  sox ‘€9'8€  OJUSWRIORS  SJUSWINOOP UO PIISI] JoU QIMUD A IOSNORYIOAI A

JOATY

N/W 00T‘T UBOLIOW Y 11— IOUUOZ 29 JOUIUSZ

I € (74 7’0 N/@W Q01 [eSHOISTH ® /W00l % qRID IpIY duou  s9X Y9°8€  OpuweIoRg 0l-d-L671-1 /I[eWomy 2917 19p[y
9I'IzI— dioogy/ 14 vary

A LT SST°T 'y H/W 0SY'T ON N/ 0sT NoRID MOIIIM dup  sox ‘L69°8¢  ojusweIdRg 6L00-4-C6-1-1 ~ UOISIAIpNS SyeQ SLeld
S crIcI— IoUUZ 2 IOUIUIZ

el 91 1€¢ Tl MS/W Q067  [BOHOISIH % ‘M N/W 0S JoRID MOIIIM dup  sox ‘L9°8€  OjudweIoRg §S-d-ce-1-1 /S9I0US BWOEN 9¥e]
"ou[ ‘Spue[pIIA
a3eurerp riei— /(3lo1g Kemdired oy[)

9-¢ L1 OLI 91 MS/W 009°9  [BOHOISTH N/ 001 - [erowayds dup  sox ‘89'8¢  OjudWILIORS €900-4-00-1-1 0D Judwdo[aad(] Ioxred

(#) NS [emieN Apoqrore

pajyuerd #) JSQIBAN JSQIBAN jurerd jueSe uonesnru

(s1k)  -suen pojyued  (saroe) 0} dourIsIg (uasalg 0) doueISIg Apoqiaye (odKk1, -pooy M ‘N) /(oureu jo3foxd) Ayred

a8y qe Qo azIg JUOnORI(T d19A JUOTIOAII(T JsoredN  uoneStuy U] SOJEUIpIOO)) Kuno) Ioquinu ased S arqrsuodsar uone3nIA

penunuod [V dqe],

pringer

A's



Environmental Management

yoar)

MOI[IM TeU ‘RT—CT ININ

189 [ESUOISTH N - M/W 008 - 00¢ IOATY UedLIDWY SOK  61'ICI—69"8¢ OlusWRIoRS CEYN (1661 “Hegq) ouoisiy  KemdjIed IOAR UEdLIOWY
(yurog soreaq)
SILLI SOK S/ 001 IIOAISSIY WOS[O] ON  LI'TTI—TL'8E 1908[d 9TEN (1661 ‘1regq) sox VS e, WOos[o]
jutod suojo
8IL'LT SOA S/ 001 JI0AIOSIY WOS[0] SaX  €I'TTI—'9L°8¢ 199eld 10EN (1661 ‘1eq) SOX  IedU VYS e, WOS[0]
durey je0g
puog Ie)§ IBdU ‘BAY
16¢¢ SOA M/ QL IOATY Ioyies] SOA 9'1C1—66'8¢ eqnx €OPN (1661 “1reg) umowyun SHIPIIM TOATY Ioyesq
M
q VT SOA /W Q00T % N/W 01 AR3ID SAWO0, SOX  80°TCI—°L6'6€ BUIRYQ [, 90YN pakoamns jou 991D SAWOO], JO ISOM
8¢y SOA AN % d/W 00¢ IOATY OjusWeIdeS SOk 60°CTCI—16°6€ BUIRYQ [, 00ZN (1661 ‘1req) sox VIS 93pLIq UOSpOOAy
Lurerdpooy
(so1oB)  sAoains Ino ur Apoqlojem 3SQIedU 0} IB3A-001 (M ‘N) al skoAaIns snoradid
Oz1S  uesaid gTdA Q0UR)SIP/UOTIOAIN]  APOqIojem JSAIBAN ) opIsuy S9JRUIPIO0)) Auno) IS dON ur Juasald gTdA QuIeU 9JIS [BINJEN

SOIIS [BINIEN TV dlqeL

9[199q wIoy3uo| A110qIop[e A3[[eA = gTHA ‘uoisualxyg 2Aaneradoo)) eiuIojie) Jo ANSIOAIUN = DD IOMSIJ UOIBAIISUOD) I0INOSY
Auno) eweys], = DYDL I0MISIJ uonejues Ajuno)) [euoi3ay ojudweIdes = SIS 90IAIS AJIPIIM 29 USL S’ = SM ‘qniys A119qIope = g9 ‘s1aurdug jo sdio) Awry = gODV :pasn SUoneIAdIqqy

Jsnif,

SPUB[IOATY elonbag
/(801-9% "ON ‘oSpug

M gS/m 0L Yoo doaqq Lrell— IoATY s.uyof 1S ®
€ Ic £ee TS WS ‘WS N % MN/W Q0E % IPATY Yeomed| dup A ‘€E9¢ Sle[n],  S)USWINJOP UO PIISI[ JOU 9T AINOY 1)) SUBLL[ED
#) QUG [eImeN Apoqrore
pajuerd (#) 1SAIBON 1S9IBON jurerd juade uonednw
(s1K)  -suen pojuerd (soroe) 0} Qoue)sIq {uasalg 0} Qoue)sIg Apoqioje (odAy, -poop M ‘N) /(eureu jo9foxd) Ayred
gy qe qe azI§ JUOTORII(T aTdA JUOTORII(T JSoredN  uoneSuuy ul  S9JEUIPIOO)) Kyuno) Joquinu 3sed SMA o[qrsuodsar uonesnIN

penunuod [V d[qel

pringer

as



SQNIYSs A1I9QIOP[d PaAaAIns sopnjoul A[UO UONEB[NO[ED BAIE AU} {PIAIAINS Sem IS J[qIssaode Aorqnd sy} jo uoniod e A[uQ a

(1661) 1reg woiq
xipuadde s1y) ur [y 9[qe], UI Sk Quwes Ay} I SUONBIAAIQQY

q» yoa1) dosq
(43 [EOLIOISIH /W 0L % MN/W 00¢ % IOALY Yeomey] SOX  LT'611—€€9¢ ole[n L LIPN (1661 “Leg) umowjun QAISAld SHBQ Yeamed]
BAIY UONBIONY 9[epyeQ
IL ON S/ Q1 I9ATY PRI ON  190T1—9t'LE PRI 0TPN (1661 “Leg) ON  Ieau ‘py 23plg o[epyeQ
umbeor
€L SOA S/ 01 I9ATY sne[siuel§ SO 10'TTI—'SL'LE ues ITYN (1661 ‘1eg) SOX VYS 0V AIUSHIN HOOV
IOATY
9¢e [BOLIOISTH q % S/ QL ousweldeS Jo eifad ON  89'1TI—CI'8¢ oue[og 80YN (1661 “1reg) ON VIS pue[s] ueuuelg
S91 SOA N/w o1 JoaID yeind ON  €0TTI—‘6¥'8¢ SICIN PEYN (1661 “1red) sox JIed Ouejo§ oe]
yjred A10A0081 ‘¢—T ININ
189¥% SOA  N/W Q0T % S/W 0S1 IOATY UedLIWY S9A SITI—'9°8¢ OudWRIRS LOPN (00T ‘S1ARQ D) SOA  ‘AemdjIed JOATY UBOLIDWY
189M odxd [D ‘9-C ININ
189¥% SOA S/ 001 I9ATY UedLIOUWY SOX  SPITI—6S'8E OdWRIdRS PIPN  (S00T ‘STAB D) SRX  ‘AeMdfIed IOARY UBOLDWY
Ay
OMOH Jedu G'6—6'8 ININ
189 SOA N/w 001 IOATY UedLIoWY SOX 0P’ ITI—9$8¢ ojusweIdes 80EN (00T ‘StAe@ D) SPA  ‘AemdIed JOATY UBOLIOWY
aue]
qode( 1eau ‘¢1-7T ININ
189% SOA S/ 001 IOATY UedLIoWyY SOX  PEITI—'858E OudwrIoeS 6IYN  (S00T ‘SIABQ D) SAA  ‘AeMdIed JOATY UBOLIOWY
asuung
IoMOT 183U ()7—8T ININ
189¥% SOA MNXN/I 0S8 IOATY UedSHIoWyY SOX  8TITI—'€9'8¢ oudwrIdeS 9I¥YN  (S00T ‘SIABQ D) SAA  ‘AeMdjIed JOATY UBOLIOWY
(urerdpooy
(se10e)  sKoAaIns o ur  Apoqiojem }soIeau 0) 1eaK-001 M ‘N) dr skoaIns snoraaxd
71 juasard gTIA Q0URISIP/UOTIOA(  APOQIoJem JSATBON qy) opIsuy SOJRUIPIOO)) Auno) MS dON ur Juesald gTAA Qureu QYIS [eINjEN

Environmental Management

penunuod 7y dqel,

pringer

A's



Environmental Management

References

Alpert P, Griggs FT, Peterson DR (1999) Riparian Forest Restoration
Along Large Rivers: Initial Results from the Sacramento River
Project. Restoration Ecology 7:360-368

Barr CB (1991) The distribution, habitat and status of the valley
elderberry longhorn beetle Desmocerus californicus dimorphus
Fisher (Insecta: Coleoptera: Cerambycidae). U.S. Fish and
Wildlife Service, Sacramento, CA

Collinge SK, Holyoak M, Barr CB, Marty JT (2001) Riparian habitat
fragmentation and population persistence of the threatened
valley elderberry longhorn beetle in central California. Biolog-
ical Conservation 100:103-113

Haack RA, Slansky F (1987) Chapter 15. Nutritional ecology of
wood-feeding Coleoptera, Lepidoptera and Hymenoptera. Pages
449486 in F. Slansky and J. G. Rodriguez, editors. Nutritional
ecology of insects, mites, spiders, and related invertebrates.
Wiley, New York, NY

Hanski I, Gilpin M (1991) Metapopulation dynamics: Empirical and
theoretical investigations. Academic Press, London

Harding EK, Crone EE, Elderd BD, Hoekstra JM, Mckerrow AlJ,
Perrine JD, Regetz J, Rissler L], Stanley AG, Walters EL, N. H.
C. P. W. Group (2001) The scientific foundations of Habitat
Conservation Plans: a quantitative assessment. Conservation
Biology 15:488-500

Hey DL, Phillippi NS (1999) A case for wetland restoration. John
Wiley and Sons, Inc., New York, NY

Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ (2002) The
causes and consequences of ant invasions. Annual review of
ecology and systematics 33:181-233

Huxel GR (2000) The effect of the Argentine ant on the threatened
valley elderberry longhorn beetle. Biological Invasions 2:81-85

Huxel GR, Hastings A (1999) Habitat loss, fragmentation and
restoration. Restoration Ecology 7:309-315

Kareiva P, Andelman S, Doak D, Elderd B, Groom M, Hoekstra J,
Hood L, James F, Lamoreux J, Lebuhn G, Mcculloch C, Regetz
J, Savage L, Ruckelshaus M, Skelly D, Wilbur H, Zamudio K, N
H W Group (1999) Using science in Habitat Conservation Plans.
AIBS, Washington DC

Koch-Munz M, Holyoak M (in press) An evaluation of the effects of
soil characteristics on mitigation and restoration involving blue
elderberry, Sambucus mexicana. Environmental Management

@ Springer

Larsson S (1989) Stressful times for the plant stress-insect perfor-
mance hypothesis. Oikos 56:277-283

Linsley EG, Chemsak JA (1972) Cerambycidae of North America.
Part VI, No. 1. Taxonomy and classification of the subfamily
lepturinae. University of California Publications in Entomology
69:1-138

Macarthur RH, Wilson EO (1967) The theory of island biogeography.
Princeton University Press, Princeton, NJ

Menke SB, Holway DA (2006) Abiotic factors control invasion by
Argentine ants at the community scale. Journal of Animal
Ecology 75:368-376

Morrison ML, Smallwood KS, Hall LS (2003) Creating habitat
through plant relocation: Lessons from Valley elderberr long-
horn beetle mitigation. Ecological Restoration 21:95-100

Talley TS (2007) Which spatial heterogeneity framework? Conse-
quences for conclusions about patchy population distributions.
Ecology 88:1476-1489

Talley TS, Fleishman E, Holyoak M, Murphy DD, Ballard A (2007)
Rethinking a rare-species conservation strategy in an urban
landscape: The case of the valley elderberry longhorn beetle.
Biological Conservation 135:21-32

Talley TS, Wright D, Holyoak M (2006) Assistance with the 5-Year
Review of the Valley elderberry longhorn beetle (Desmocerus
californicus dimorphus). United States Fish and Wildlife
Service, Sacramento

United States Fish, Wildlife Service (1984) Valley Elderberry
Longhorn Beetle Recovery Plan. U.S. Fish and Wildlife Service,
Portland, OR

United States Fish and Wildlife Service (1980) Listing the Valley
elderberry longhorn beetle as a threatened species with critical
habitat. Federal Register 45, 52803. August 8, 1980

Ward PS (1987) Distribution of the introduced Argentine ant
(Iridomyrmex humilis) in natural habitats of the lower Sacra-
mento Valley [California, USA] and its effects on the indigenous
ant fauna. Hilgardia 55:1-16

Young TP, Evans RY (2000) Container stock versus direct seeding
for woody species in restoration sites. Combined Proceedings
International Plant Propagators’ Society 50:577-582



	The Effects of Site Conditions and Mitigation Practices on Success of Establishing the Valley Elderberry Longhorn Beetle and Its Host Plant, Blue Elderberry
	Abstract
	Introduction
	Methods
	Results
	Comparing Natural and Mitigation Sites
	Factors Influencing the Presence of VELB
	Factors Influencing the Growth and Health �of Elderberry
	Mitigation and the Presence of Argentine �and Native Ants

	Discussion
	Management Implications

	Acknowledgments
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


