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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

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 = (ø2 – ø1) / ø1, where ø2 is the

maximum stem diameter in year 2, and ø1 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) 2005, 2006 2005, 2006

Abundance of VELB (new, 1-yr old, old holes) 2005, 2006 2005, 2006

Stems per shrub of C2.5 cm per shrub 2005, 2006 2006

Basal diameter of stems of C2.5 cm diameter (cm) 2005, 2006 2006

Shrub height (m) 2005, 2006 2006

Canopy length and width (m) 2005, 2006 2006

Elderberry habitat quantity index 2005, 2006 2006

Elderberry condition index (0 = dead, 4 = most healthy) 2005, 2006 2006

% and type of leaf damage (herbivory) 2005, 2006 2006

% and type of nonelderberry canopy cover 2005 2006

% and type of nonelderberry shrub cover 2005 2006

% and type of ground cover (understorey) 2005 2006

% and type of overgrowth by vines 2005 2006

Irrigation type 2005 n/a

Site characteristics

County Fixed Fixed

Waterway/watershed Fixed Fixed

Within FEMA 100-year floodplain Fixed Fixed

Site age (years since planting) Fixed n/a

Argentine ant presence and relative abundance 2006 2006

Distance to nearest VELB population 2006 n/a

Distance to nearest water way/body 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 v2 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

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 (F3,26 = 3.55, p = 0.03 in a 1-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

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

SS MS SSE MSE F1,41 p r2 Mean mitigation Mean natural

ln(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 3.45 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 (9.4) 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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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

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 v2 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

l. 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

‘‘–’’ indicates p [ 0.05 or n \ 10. Only characteristics with n C 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
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influence on v2 in Table 3e, and other effects of shrub

condition had little effect on v2. 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 3l). 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, l, 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, F2,540 = 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 r2 = 0.37), and VELB per

elderberry stem (total r2 = 0.36)

VELB per shrub Beta SE B SE t (22) p-level

Intercept -0.213 0.689 -0.308 0.761

ln(distance to nearest water in m) 0.073 0.184 0.032 0.079 0.398 0.695

ln(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 2.3 9 10-5 1.1 9 10-5 -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

ln(distance to nearest water in m) 0.192 0.194 0.639 0.647 0.988 0.336

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

p = 0.68).

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 C 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

VELB 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

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) p

Intercept 1.50 0.44 3.42 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 9 10-6 6.4 9 10-6 -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 9 stem diameter + RGR + 1.26. Total r2 = 0.52

Site age (years)
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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 9 site age -0.103.

Student’s t28 = 2.94, p = 0.007, r2 = 0.23
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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

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.
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