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Weed Science, 51:449-455. 2003

Nontarget effects on crepe myrtle by Galerucella pusilla
and G. calmariensis (Chrysomelidae), used for biological
control of purple loosestrife (Lythrum salicaria)

Shon S. Schooler

Corresponding author. Department of Entomology,
Oregon State University, Corvallis, OR 97331;
schooles@bcc.orst.edu

Eric M. Coombs

Plant Division, Oregon Department of Agriculture,

Salem, OR 97310

Peter B. McEvoy

Department of Entomology, Oregon State
University, Corvallis, OR 97331

Field experiments were used to assess how distance mediates the nontarget effect on
crepe myrtle by two chrysomelid beetles that were introduced to the United States
in 1992 for biological control of purple loosestrife. Previous laboratory tests in Ger-
many and concurrent tests in Oregon showed that although the control organisms
can feed on crepe myrtle, they cannot complete development. Therefore, we pre-
dicted that negative effects on crepe myrtle would decrease with distance from the
purple loosestrife stand. To test this prediction, cohorts of both plant species were
transplanted at increasing distances (0, 5, 15, 30, and 50 m) from the colonization
source. We found that leaf damage inflicted by the beetles was negatively correlated
with increasing distance. Damage was significantly lower at each distance for crepe
myrtle plants than for purple loosestrife plants, with a mean difference of 22% and
a 95% confidence interval ranging from 12 to 31%. Extensive defoliation of crepe
myrtle was limited to within 30 m of the edge of the loosestrife stand. Plant yield
was negatively correlated with damage: the closer plants were to the purple loosestrife
stand, the greater the suppression of biomass in both plant species. However, loose-
strife biomass decreased significantly more quickly than crepe myrtle biomass, with
a mean difference in slopes of 0.035 and a 95% confidence interval ranging from
0.022 to 0.048. Our results suggest that release of the Galerucella beetles in North
America poses little risk to crepe myrtle. Beetles can feed but cannot complete their
life cycle on crepe myrtle, and damage to crepe myrtle approaches zero approximately
50 m from the beetle colonization source.

Nomenclature: Crepe myrtle, Lagerstroemia indica L. LAGIN; purple loosestrife,
Lythrum salicaria L. LYTSA; black-margined loosestrife beetle, Galerucella calmarien-
sis L.; golden loosestrife beetle, Galerucella pusilla Duftschmid.

Key words: Leaf beetle, wetland, nontarget effect, field testing of host specificity,

biological control.

Host specificity is the primary criterion by which scien-
tists and regulators judge the risks of releasing biological
control organisms into new environments (Harley and For-
no 1992; McEvoy 1996; Secord and Kareiva 1996; Zwélfer
and Harris 1971). The risk to nontarget organisms can be
minimized by using control organisms with a narrow host
range in environments containing few nontarget organisms
(Pemberton 2000). Sources of uncertainty in conventional
assessments of host range include the possibility of dispersal,
indirect effects, and evolution (McEvoy 1996; Secord and
Kareiva 1996). Recent evidence on nontarget effects rein-
forces confidence in host specificity as a safety criterion. A
survey of 117 weed biological control organisms introduced
for control of 41 weeds found that only one could complete
its life cycle on a native plant whose genus is different from
that of the target plant (Pemberton 2000).

Host specificity tests typically use no-choice tests to mea-
sure whether a proposed biological control agent can com-
plete its life cycle on a nontarget plant isolated in a closed
system (McEvoy 1996). Although a biological control agent
may be unable to form self-sustaining populations on a non-
target plant, it may still inflict significant “spill-over” dam-
age on nontarget plants that are located near populations of
the target plant. There is no current protocol for assessing
this risk. Here, we develop a means to quantify this spatially

dependent risk and use it to assess potential damage to the
economically important ornamental plant, crepe myrtle.

In this study we examine the potential nontarget effect
on crepe myrtle by two leaf beetles (golden loosestrife beetle
and black-margined loosestrife beetle) widely introduced in
the United States and Canada for control of purple loose-
strife (Malecki et al. 1993). The original host specificity
greenhouse studies from Germany reported minimal adult
and larval feeding, no oviposition, and no larval maturation
on crepe myrtle (Blossey et al. 1994). Subsequent studies
done in quarantine facilities at Virginia Polytechnic Institute
detected oviposition on cut crepe myrtle stems by both bee-
tle species (Kok et al. 1992). This ambiguous potential for
nontarget damage to an economically important nursery
plant led the California Department of Food and Agricul-
ture (CDFA) to deny permission for release of the beetles
within the state despite the possibility that the purple loose-
strife invasion could harm wild rice (Oryza sativa L.) pro-
duction in the Fall River Drainage in Shasta County, CA.
In 1996 the CDFA asked us to clarify the nontarget damage
potential by (1) verifying that the local population of beetles
from which the California releases were to be collected (Bas-
kett Slough NWR, Salem, OR) could not form self-sustain-
ing populations on crepe myrtle, and (2) assessing the effect
of distance from a colonization source (i.e., purple loosestrife
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Ficure 1. Distributions of purple loosestrife (Lythrum salicaria L.) (dots) and crepe myrtle (Lagerstroemia indica L.) (shaded zone) in the United States

show minimal overlap (after Martin 1983; Thompson et al. 1987).

stand) on beetle damage to crepe myrtle plants. It is this
spatial approach to ecological host specificity testing that we
wish to emphasize.

Prior and concurrent sweep net sampling indicated that
the population of beetles waxed and waned in the surround-
ing fields up to 30 m from the purple loosestrife stand
(Schooler 1998), which suggested the potential for local in-
direct spill-over effects to susceptible nontarget organisms.
The three matters of interest were (1) the capacity of the
beetles to feed and develop on crepe myrtle, (2) the effect
of distance on the ability of the beetles to colonize crepe
myrtle under open field conditions, and (3) the influence of
insect feeding on crepe myrtle’s growth, survivorship, and
reproduction.

Target Plant

Purple loosestrife is a tall (2 to 3 m), iteroparous, peren-
nial wetland plant native to Eurasia. It probably arrived on
the east coast of the United States before 1830 in ballast
deposited by trading ships from northern Europe (Thomp-
son 1991). It has since been spreading across the country,
aided more recently by road construction and irrigation
channels (Wilcox 1989) as well as through the planting of
seeds and potted plants sold by the nursery industry. Al-
though it is most abundant in the northern United States
and southern Canada (Thompson et al. 1987; see Figure 1),
purple loosestrife has spread throughout the continental
United States (Blossey 1999).

Purple loosestrife is an invasive species that displaces na-
tive wetland vegetation in riparian areas, often forming
dense, single-species stands that degrade habitat quality for
waterfowl and other wetland animal species (Balogh and
Bookhout 1989; Blossey 1999; Thompson et al. 1987). In
the United States, its mean rate of spread since 1940 is
estimated to be 645 km? yr! (Thompson 1991), and the
estimated cost of damage to wildlife and agriculture is $45
million yr~! (Thompson et al. 1987). Losses in Oregon dur-
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ing 1999 are estimated at $2.8 million in net personal in-
come (Radtke and Davis 2000).

The quantitative evidence supporting the negative eco-
logical effects of purple loosestrife has been questioned (An-
derson 1995; Hager and McCoy 1998). In two recent ar-
ticles Blossey (1999, 2001) summarizes the “suspected” and
“documented” environmental effects of purple loosestrife.

Nontarget Plant

Crepe myrtle is an ornamental plant economically im-
portant to the California nursery industry, with total Cali-
fornia sales estimated to be $5 million and total national
sales, $34 million (USDA, 1998 Census of Horticultural
Specialties). It is typically a large shrub or small tree, al-
though there are also dwarf varieties (Martin 1983) such as
the variety studied here. Crepe myrtle was originally intro-
duced from the Indian subcontinent (Bailey 1951; Dunmire
1979) and needs hot summers and well-drained soil to flow-
er. It is therefore cultivated mainly in the southern portion
(Agricultural climate zone 7) of the United States (Martin
1983; see Figure 1).

Biological Control Agents

The release of golden loosestrife beetle and black-mar-
gined loosestrife beetle for biological control of purple loose-
strife was approved by the Animal and Plant Health In-
spection Service (USDA—APHIS) in 1992 (Malecki et al.
1993). The two beetle species live sympatrically in similar
ecological niches on purple loosestrife (Blossey 1995). Lar-
vae proceed through three instars before pupation. Experi-
mental study of movement between purple loosestrife patch-
es using a target-centered mark—recapture method indicated
that black-margined loosestrife beetle adults can detect the
host up to 50 m and are capable of flying at least 850 m
within 1 wk (Grevstad and Herzig 1997). The study also

documented that black-margined loosestrife beetle individ-
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uals are strongly attracted to one another, leading to aggre-
gated distribution patterns. We documented migration pat-
terns of the beetles into the fields surrounding the purple
loosestrife stand in 1995 and 1996. The beetles were de-
tected up to 30 m within the range of observations 0 to 50
m from the edge of the stand, and this migration coincided
with the emergence of overwintering and teneral adults dur-
ing early spring and summer, respectively (Schooler 1998).

Study Site

Field work was conducted at Morgan Lake in the Baskett
Slough National Wildlife Refuge, western Oregon (Polk
County, 44°59'N, 123°16'W). The two beetles, golden
loosestrife beetle and black-margined loosestrife beetle, were
introduced together (total of 1,050 adults) along the south-
ern shore of Morgan Lake in 1992. The beetles were im-
ported from Germany and proceeded through quarantine
facilities at Virginia Polytechnic Institute before being re-
leased at our site. By 1996 the beetles had increased in abun-
dance to levels that caused nearly 100% leaf damage to pur-
ple loosestrife near the initial release site and reduced purple
loosestrife biomass by 91% in 1997 (Schooler 1998). This
high density of herbivores gave us the opportunity to test a
“worst-case” scenario of negative effects on nontarget vege-
tation along a gradient of distance from the colonization
source.

Materials and Methods
Larval Development Studies

We began by testing whether the beetle larvae were able
to complete development on crepe myrtle. Beetles used in
the greenhouse feeding trials were collected from the local
population at Morgan Lake in April 1996. Approximately
40 individuals of each species were placed on separately
caged purple loosestrife and crepe myrtle plants and allowed
to oviposit for 3 d. Five newly emerged larvae of the golden
loosestrife beetle were transferred using a fine paintbrush on
each of five randomly selected potted purple loosestrife
plants and each of five potted crepe myrtle plants. This
procedure was repeated for the black-margined loosestrife
beetle larvae. Larvae placed on crepe myrtle were reared
from eggs oviposited on crepe myrtle, whereas larvae placed
on purple loosestrife were reared from eggs oviposited on
purple loosestrife.

The 10 potted purple loosestrife plants and the 10 potted
crepe myrtle plants (approximately 1 yr old and 30 cm tall)
were placed in a shallow pool with 5 cm of water. The water
moat discouraged larval movement between plants. The
greenhouse was kept at 24 C with a natural photoperiod of
approximately 16:8 (light—dark). Surviving larvae were
counted at 4-d intervals until they reached their third instar.
Because first-instar larvae tend to move into the tender tissue
of the apical meristem, we examined the tissue for damage
and carefully opened the buds to count the number of in-
dividuals when damage was found. Third-instar larvae were
placed in transparent plastic containers with fresh leaf ma-
terial of their respective host plants and left to pupate. The

numbers of pupae and the resulting teneral adults were re-
corded.
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Ficure 2. Experimental design of the nontarget field study involving two
plant species at five distances from the source of herbivore colonization.
Four plants of each species were located at each distance for a total of 40
experimental units.

Colonization and Effect Studies

To study the colonization potential of the beetles on crepe
myrtle, four nursery-grown crepe myrtle plants were trans-
planted at each of five distances (0, 5, 15, 30, and 50 m)
from the edge of a heavily beetle-infested stand of purple
loosestrife on the southern side of Morgan Lake. A cohort
of greenhouse-grown purple loosestrife plants were trans-
planted 50 m to the east at the same distances from the
edge of the purple loosestrife stand (Figure 2). The ground
slope and aspect were the same for the two blocks of plant
species.

Colonizing ability may be influenced by plant cues or by
intraspecific pheromones (Grevstad and Herzig 1997; Visser
1986), so the two plant species were planted in separate
locations to reduce any influence of purple loosestrife in
attracting the beetles to crepe myrtle. Therefore, our block
design did not allow for interspersion between plant species,
although each individual plant was randomly assigned a lo-
cation within its block. All plants were watered once a week.

From initial transplanting to the end of the second gen-
eration of adult beetles, each plant was examined weekly to
determine (1) percent leaf damage, (2) number of adults,
(3) presence of eggs, (4) presence of larvae, and (5) plant
condition. Approximately 1 min was spent in searching for
each beetle stage on each plant. We visually assessed per-
centage of leaf damage by subjectively choosing an average
leaf, comparing it with a precalculated leaf damage chart,
and assigning it a damage level. Plant condition indicated
whether the plant was alive or dead. Plants were considered
alive if green tissue was present or if there was evidence of
new buds. Because of heavy defoliation, some plants may
be subjectively considered dead and may subsequently re-
sprout. Final plant condition was objectively assessed by ex-
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amining root tissue at the end of the experiment, when the
plants were harvested.

All test plants were harvested to estimate biomass after
the adult beetles had moved off the plants to overwintering
sites at the end of the growing season. The plants were
carefully washed through a mesh sieve (2-mm? cell size) to
retain as much root material as possible. The samples were
placed in a drying oven at 60 C, dried to constant weight,
and then weighed to the nearest 0.1 g. If plant material existed
but weighed less than 0.05 g, it was recorded as 0.1 g.

We integrated adult beetle abundance over time as cu-
mulative “beetle days” per plant to quantify the plant’s ex-
posure (Hull and Beers 1990). Linear regressions were per-
formed using S-plus (version 4.5; MathSoft, 1999). Plant
biomass data were transformed by the natural log before
implementing regression analyses because variation increased
with increasing biomass values correlated with increasing
distance from the purple loosestrife stand.

Results and Discussion
Larval Feeding and Development

Larvae reared in the greenhouse failed to develop on crepe
myrtle but readily developed on purple loosestrife. None of
the 50 beetle larvae placed on crepe myrtle survived longer
than 8 d in the greenhouse trials, and none survived to the
third instar. Control larvae reared on purple loosestrife
showed a 78% survival rate to the third instar, and 74%
reached the adult stage. The results from our laboratory
feeding trials support the earlier finding that the Galerucella
beetles are unable to complete their life cycle on crepe myr-
tle (Blossey et al. 1994).

Beetle Colonization

Adult beetles from the first generation were found on all
crepe myrtle and purple loosestrife plants within 30 m of
the purple loosestrife stand. Two of the four purple loose-
strife plants at 50 m were colonized, and one of the four
crepe myrtle plants was colonized. Mean beetle exposure per
plant varied between 0 and 17.4 beetles per day for crepe
myrtle and between 0 and 9.7 beetles per day for purple
loosestrife (Figure 3).

Eggs were present on all plants of both species that were
colonized by the beetles. During the first beetle generation
six separate crepe myrtle plants were found with larvae
(30%), whereas 14 purple loosestrife plants were found
hosting larvae (70%). In a previous host specificity study of
crepe myrtle under greenhouse conditions, Blossey et al.
(1994) reported no oviposition on plants outside the genus
Lythrum. Subsequent studies conducted in quarantine facil-
ities at Virginia Polytechnic Institute detected oviposition
on cut crepe myrtle stems by both beetle species (Kok
1992).

Close to the source, within 30 m of a high-density beetle
population, the colonization potential on crepe myrtle was
identical to that on purple loosestrife (100%). At 50 m,
beetle colonization dropped to 25% for crepe myrtle and to
50% for purple loosestrife. This ability to locate new plants
may be due to diffusive movement away from the stand and

taxis response to cues (visual, chemical, etc.) associated with
the host plant (Visser 1986). The study by Grevstad and
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Ficure 3. Beetle duration (mean adult beetles per day) calculated for (a)
purple loosestrife (Lythrum salicaria L..) and (b) crepe myrtle (Lagerstroemia
indica L.) plotted against distance from the purple loosestrife stand.

Herzig (1997) found that when cohorts of black-margined
loosestrife beetles were released within 50 m of a host patch,
the proportion of beetles reaching that patch was greater
than that expected at random. This suggests that the beetles
use host plant cues to locate host plant patches, but it is
not known whether olfactory, visual, or other cues are in-
volved. The similarity we found in colonization ability be-
tween purple loosestrife and crepe myrtle suggests that the
beetles may use similar cues to locate both purple loosestrife
and crepe myrtle plants. However, using sweep net sampling
we found that the beetle population expanded and contract-
ed in the fields surrounding the purple loosestrife population
and was detectable at distances of up to 30 m from the
purple loosestrife stand (Schooler 1998). Therefore, rather
than following chemical cues, the colonization of plants out-
side the purple loosestrife stand may be due to diffusive
movements of the beetles as they haphazardly search for
higher-quality host plants.

Crepe myrtle plants at the edge of the purple loosestrife
stand tended to harbor more beetles over time than did the
transplanted purple loosestrife plants (Figure 3). A possible
explanation is that the herbivores moved on to “greener pas-
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tures” after completely defoliating the purple loosestrife
transplants (mean 87% leaf damage) at the edge of the stand
by the fifth week of exposure, thus leaving the plants un-
inhabited. The crepe myrtle within the stand exhibited 42%
leaf damage by the fifth week and did not show 87% dam-
age until the ninth week of exposure. This suggests that
because beetle abundance on the host plant is affected by
the defoliation status, counts of beetles on host plants may
lead to inaccurate measurement of the current beetle density
at a location. Beetles may instead leave the damaged low-
quality host to search for higher-quality host plants in the
surrounding vegetation. Therefore, indicators of beetle
abundance that integrate density over time, such as leaf
damage, or methods that sample the surrounding vegetation,
such as vacuum sampling, may be better predictors of local
beetle density.

To determine the probability of crepe myrtle being ad-
jacent to populations of purple loosestrife, we overlaid a map
of recorded purple loosestrife populations (Thompson et al.
1987) with the recommended cultivation zone of crepe myr-
tle (Martin 1983). We found that the distribution of purple
loosestrife and the recommended range of crepe myrtle in
the United States and Canada exhibited minimal overlap
(Figure 1). Crepe myrtle is mainly cultivated in the southern
United States (Zone 7) owing to the hot, dry summers nec-
essary for flowering (Martin 1983), whereas purple loose-
strife is mainly distributed across the northern United States
(Thompson et al. 1987). However, more recent estimates of
purple loosestrife abundance (Blossey 1999) suggest that the
plant is currently spreading into more southern states and
therefore into areas of crepe myrtle cultivation.

Beetle Effect

Percent leaf damage decreased with distance from the pur-
ple loosestrife stand for both plant species (Figure 4). We
used multiple linear regression to determine the difference
in damage effected by the beetles on the two plant species
while controlling for the effect of distance. The interaction
term in a full regression model generated a two-sided P-
value of 0.23, supporting the reduced model that the two
slopes were not significantly different. The reduced model
of equal slopes but separate intercepts was then fit, and the
low P-value (> 0.001) indicated that the intercepts were
significantly different. The mean difference was 21.6%, with
a 95% confidence interval extending from 12.2 to 31.1%.
This means that at a given distance, the beetles caused ap-
proximately 22% less leaf damage to crepe myrtle than to
purple loosestrife.

Plant biomass increased with increasing distance from the
purple loosestrife stand for both plant species (Figure 5).
Purple loosestrife increased from a mean biomass of 6.3 to
56.3 g, whereas mean crepe myrtle biomass increased from
44.3 1o 68.3 g. The relationship between biomass and dis-
tance was similar for total plant biomass and for biomass of
the separate plant parts (roots, stems, leaves). We used mul-
tiple linear regression to determine the difference in biomass
loss caused by the beetles on the two plant species while
controlling for the effect of distance. The interaction term
in a full model generated a low two-sided P-value (> 0.001),
indicating that the two slopes were significantly different.
The mean difference in slopes was 0.035, with a 95% con-
fidence interval ranging from 0.022 to 0.049. Therefore,
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Ficure 4. Mean percentage leaf defoliation decreased with distance from
the colonization source (purple loosestrife stand [ZLythrum salicaria L.)) for
both (a) purple loosestrife and (b) crepe myrtle (Lagerstroemia indica L.).
Solid lines were determined by linear regression. Regression results—purple
loosestrife: n = 20, R = 0.87, y = — 1.68x + 94.01, P < 0.001; crepe
myrtle: » = 20, &2 = 0.72, y = — 1.37x + 66.21, P < 0.001.

yield loss near the source was greater for purple loosestrife
than for crepe myrtle and diminished, approaching 0 at ap-
proximately 50 m from the herbivore colonization source.

The insects had negative effects on plant biomass but no
detectable effect on mortality (no plants died) or flowering
(only two purple loosestrife plants flowered, one at 50 m
and one at 30 m) in this experiment. Biomass of both plant
species increased with increasing distance from the source of
colonizing herbivores and increasing beetle damage (Figures
4 and 5). This indicates that these biological control agents
have negative effects on both plant species. The significantly
greater slope of the regression line for purple loosestrife sug-
gests that beetles exert a greater effect on their intended
target plant. This is likely due to the greater defoliation of
purple loosestrife that we found in our visual estimates of
beetle damage (Figure 4).

A weak point of our study was the lack of interspersion
of the plant-by-distance treatment arrays. Spatial constraints
and beetle distributions limited our ability to replicate and
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Ficure 5. Natural log of total dry weight of (a) purple loosestrife (Lythrum
salicaria L.) and (b) crepe myrtle (Lagerstroemia indica L.) at five distances
from a stand of purple loosestrife densely populated by golden loosestrife
beetle (Galerucella pusilla Dufischmid) and black-margined loosestrife beetle
(Galerucella calmariensis L.). Solid lines were determined by linear regres-
sion. Regression results—purple loosestrife: » = 20, &2 = 0.76, y = 0.05x
+ 1.77, P < 0.001; crepe myrtle: » = 20, &2 = 0.35, y = 0.01x + 3.67,
P = 0.006.

intersperse our distance transects. Therefore, the arrays were
grouped, with 50 m between the two potential host plant
species, to limit the effect of the alternate host plant on
beetle colonization behavior (see Figure 2). Nonetheless, it
seems clear that the beetles caused more damage to purple
loosestrife than to crepe myrtle plants at equal distances
from the colonization source and that the risk of severe non-
target defoliation is limited to within 30 m of a population
of the herbivores at high beetle densities.

Our results suggest that these biological agents, golden
loosestrife beetle and black-margined loosestrife beetle, will
have temporary minimal effects on populations of crepe
myrtle based on (1) unsuitability of crepe myrtle for beetle
development, (2) evidence of low overlap in geographic dis-
tributions of the two plant species, and (3) decrease in the
effect on crepe myrtle with increasing distance from purple
loosestrife stands inhabited by the beetles. Larvae of golden
loosestrife beetle and black-margined loosestrife beetle could

454 + Weed Science 51, May—June 2003

not completely develop on crepe myrtle in either the green-
house or the field, further confirming that the beetles are
unable to develop self-sustaining isolated populations on the
nontarget host. Therefore, damage to crepe myrtle in the
field by black-margined loosestrife beetle and golden loose-
strife beetle is restricted to adult beetles colonizing from
local stands of purple loosestrife.

Host specificity tests typically determine whether a pro-
posed biological control agent can complete its life cycle on
a nontarget plant in a laboratory. Some investigators argue
that laboratory host specificity testing may be unreliable for
assessing safety, principally because they neglect dispersal,
evolution, and indirect effects (McEvoy 1996; Secord and
Kareiva 1996). In addition, plants grown under artificial
conditions may be physiologically different from plants
grown in the field (Blossey et al. 1994). Here, we have pre-
sented a procedure for extending host specificity evaluations
into the field and have included the effects of biological
control agent dispersal on local nontarget hosts. This pro-
cedure is time-consuming and will be most useful in check-
ing the validity of prerelease screening procedures and ad-
dressing specific concerns of cautious land managers. By
quantifying the risks to nontarget organisms accurately, we
can make more informed decisions regarding the safety of
releases of biological control organisms and thereby increase
predictability and build public support.

After receiving this report the CDFA approved the release
of golden loosestrife beetles and black-margined loosestrife
beetles for control of purple loosestrife populations within
the state.

Acknowledgments

We dedicate this manuscript to the memory of Richard Guad-
agno of the USFWS, who generously supported this study on the
Baskett Slough National Wildlife Refuge and died a hero on Flight
93 during the events of September 11, 2001. We also thank D.
Joley and B. Villegas of the CDFA for the supply of crepe myrtle
plants. Finally, we thank the two anonymous reviewers who greatly
enhanced the clarity of this manuscript. The opinions expressed
are solely ours and do not necessarily represent the views of the
reviewers or the sponsoring agencies. This is Oregon State Univer-
sity Experiment Station Technical Paper 11760.

Literature Cited

Anderson, M. G. 1995. Interactions between Lythrum salicaria and native
organisms: a critical review. Environ. Manag. 19:225-231.

Bailey, L. H. 1951. Manual of Cultivated Plants Most Commonly Grown
in the Continental United States and Canada. New York: Macmillan.
720 p.

Balogh, G. R. and T. A. Bookhout. 1989. Purple loosestrife (Lythrum sal-
icaria) in Ohio’s Lake Erie marshes. Ohio J. Sci. 89:62-64.

Blossey, B. 1995. Coexistence of two leaf beetles in the same fundamental
niche. Distribution, adult phenology, and oviposition. Oikos 74:225—
234.

Blossey, B. 1999. Before, during and after: the need for long-term moni-
toring in invasive plant species management. Biol. Invasions 1:301-
311.

Blossey, B., D. Schroeder, S. D. Hight, and R. A. Malecki. 1994. Host
specificity and environmental impact of two leaf beetles (Galerucella
calmariensis and G. pusilla) for biological control of purple loosestrife
(Lythrum salicaria). Weed Sci. 42:134-140.

Blossey, B., L. C. Skinner, and J. Taylor. 2001. Impact and management
of purple loosestrife (Lythrum salicaria) in North America. Biodivers.
Conserv. 10:1787-1807.

Dunmire, J. R., ed. 1979. Sunset: New Western Garden Book. Menlo Park,
CA: Lane. 479 p.

This content downloaded from
125.238.241.43 on Wed, 18 Jan 2023 02:14:17 UTC
All use subject to https://about.jstor.org/terms



Grevstad, E S. and A. L. Herzig. 1997. Quantifying the effects of distance
and conspecifics on colonization: experiments and models using the
loosestrife leaf beetle, Galerucella calmariensis. Oecologia 110:60-68.

Hager, H. A. and K. D. McCoy. 1998. The implications of accepting
untested hypotheses: a review of the effects of purple loosestrife (Lyzh-
rum salicaria) in North America. Biodivers. Conserv. 7:1069-1079.

Harley, K.L.S. and I. W. Forno. 1992. Biological Control of Weeds: A
Handbook for Practitioners and Students. Melbourne: Inkata Press. p.
28.

Hull, L. A. and E. H. Beers. 1990. Validation of injury thresholds for
European red mite (Acari: Tetranychidae) on “Yorking” and “Deli-
cious” apple. J. Econ. Entomol. 83:2026-2031.

Kok, L. T., T. J. McAvoy, R. A. Malecki, S. D. Hight, J. J. Drea, Jr.,, and
J. R. Coulson. 1992. Host specificity tests of Galerucella calmariensis
(L.) and G. pusilla (Duft.) (Coleoptera: Chrysomelidae), potential bi-
ological control agents of purple loosestrife, Lythrum salicaria L. (Lyth-
raceae). Biol. Control 2:282-290.

Malecki, R. A., B. Blossey, S. D. Hight, D. Schroeder, L. T. Kok, and J.
R. Coulson. 1993. Biological control of purple loosestrife. BioScience
43:680-686.

Martin, E. C. 1983. Landscape Plants In Design. Westport, CT: AVI. pp.
88-89.

McEvoy, P. B. 1996. Host specificity and biological pest control. BioScience
46:401-405.

Pemberton, R. W. 2000. Predictable risk to native plants in weed biological
control. Oecologia 125:489—494.

Radtke, H. and S. Davis. 2000. Economic Analysis of Containment Pro-
grams, Damages, and Production Losses from Noxious Weeds in
Oregon. Oregon: Contract Rep. to Oregon Department of Agricul-
ture. 40 p.

Schooler, S. S. 1998. Biological Control of Purple Loosestrife Lythrum sal-
icaria by Two Chrysomelid Beetles Galerucella pusilla and G. calmar-
iensis. Thesis. Oregon State University, Corvallis, OR.

Secord, D. and P. Kareiva. 1996. Perils and pitfalls in the host specificity
paradigm. Bioscience 46:448-453.

Thompson, D. Q. 1991. History of purple loosestrife (Lythrum salicaria
L.) biological control efforts. Nat. Areas J. 11:148-150.

Thompson, D. Q., R. L. Stuckey, and E. B. Thompson. 1987. Spread,
impact and control of purple loosestrife (Lythrum salicaria) in North
American wetlands. U.S. Fish Wildl. Res. 55:1-55.

Visser, J. H. 1986. Host odor perception in phytophagous insects. Annu.
Rev. Entomol. 31:121-144.

Wilcox, D. A. 1989. Migration and control of purple loosestrife (Lythrum
salicaria L.) along highway corridors. Environ. Manag. 13:365-370.

Zwélfer, H. and P. Harris. 1971. Host specificity determination of insects
for biological control of weeds. Annu. Rev. Entomol. 16:159-178.

Received February 12, 2002, and approved October 16, 2002.

Schooler et al.: Nontarget effect on crepe myrtle ¢ 455

This content downloaded from
125.238.241.43 on Wed, 18 Jan 2023 02:14:17 UTC
All use subject to https://about.jstor.org/terms



	Contents
	449
	450
	451
	452
	453
	454
	455

	Issue Table of Contents
	Weed Science, Vol. 51, No. 3 (May - Jun., 2003), pp. 279-470
	Front Matter
	Physiology, Chemistry, and Biochemistry
	Effect of Temperature on Susceptibility of Sunflower Varieties to Sunflower Broomrape (Orobanche cumana) and Egyptian Broomrape (Orobanche aegyptiaca) [pp. 279-286]
	Genetic Diversity of Jointed Goatgrass (Aegilops cylindrica) Determined with RAPD and AFLP Markers [pp. 287-293]
	Glyphosate and Shade Effects on Glyphosate-Resistant Soybean Defense Response to Sclerotinia sclerotiorum [pp. 294-298]
	Fall Herbicide Treatments Affect Carbohydrate Content in Roots of Canada Thistle (Cirsium arvense) and Dandelion (Taraxacum officinale) [pp. 299-304]
	Rapid Diagnosis of Resistance to Sulfonylurea Herbicides in Monochoria (Monochoria vaginalis) [pp. 305-311]
	Multiple Resistance to Imazethapyr and Atrazine in Powell Amaranth (Amaranthus powellii) [pp. 312-318]

	Weed Biology and Ecology
	Multi-Species Weed Spatial Variability and Site-Specific Management Maps in Cultivated Sunflower [pp. 319-328]
	Comparative Growth of Six Amaranthus Species in Missouri [pp. 329-333]
	Effect of Light and Density on Yellow Starthistle (Centaurea solstitialis) Root Growth and Soil Moisture Use [pp. 334-341]
	Influence of Environmental Factors on After-Ripened Crowfootgrass (Dactyloctenium aegyptium) Seed Germination [pp. 342-347]
	Temperature and Rhizome Chain Effect on Sprouting of Purple Nutsedge (Cyperus rotundus) Ecotypes [pp. 348-355]
	A Model to Predict the Influence of Temperature on Rhizome Johnsongrass (Sorghum halepense) Development [pp. 356-362]
	Growth Interactions in Communities of Common Lambsquarters (Chenopodium album), Giant Foxtail (Setaria faberi), and Corn [pp. 363-370]
	Effects of Soil Amendments on Germination and Emergence of Downy Brome (Bromus tectorum) and Hilaria jamesii [pp. 371-378]
	Spring-Germinating Jointed Goatgrass (Aegilops cylindrica) Produces Viable Spikelets in Spring-Seeded Wheat [pp. 379-385]
	Empirical Corn Yield Loss Estimation from Common Lambsquarters (Chenopodium album) and Giant Foxtail (Setaria faberi) in Mixed Communities [pp. 386-393]
	Comparison of Nitrogen Use by Two Population Densities of Eastern Black Nightshade (Solanum ptycanthum) [pp. 394-401]
	Predicting Soybean Yield Loss in Giant Foxtail (Setaria faberi) and Common Lambsquarters (Chenopodium album) Communities [pp. 402-407]
	Nitrogen Application Influences the Critical Period for Weed Control in Corn [pp. 408-417]
	Yield Loss in Spring-Sown Cereals Related to the Weed Flora in the Spring [pp. 418-424]
	Wheat and Italian Ryegrass (Lolium multiflorum) Competition as Affected by Phosphorus Nutrition [pp. 425-429]

	Weed Management
	Surfactants Affect Herbicides on Kochia (Kochia scoparia) and Russian Thistle (Salsola iberica) [pp. 430-434]
	Distribution and Interference of Dandelion (Taraxacum officinale) in Spring Canola [pp. 435-442]
	Droplet Size Affects Glyphosate Retention, Absorption, and Translocation in Corn [pp. 443-448]
	Nontarget Effects on Crepe Myrtle by Galerucella pusilla and G. calmariensis (Chrysomelidae), Used for Biological Control of Purple Loosestrife (Lythrum salicaria) [pp. 449-455]

	Soil, Air, and Water
	Atrazine Sorption and Desorption as Affected by Aggregate Size, Particle Size, and Soil Type [pp. 456-462]
	Effect of Delayed Irrigation on Isoxaben and Oryzalin Runoff from a Container Nursery [pp. 463-470]

	Back Matter



