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Rapid Test of the Suitability of Host-trees and the Effects of
Larval History on Anoplophora glabripennis
(Coleoptera: Cerambycidae)
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ABSTRACT The invastve cerambycid, Anoplophora glabripennis (Motchulsky) (Coleoptera Cer-
ambycidae), 15 naive 10 Asia, and threatens numerous species of host trees n Europe and North
Amenca The eradicauon of breeding populations depends on surveys of host trees, but the suitabihity
of potential hosts has not heen measured Our experiment demonstrates a raprd method to assess the
suitability of potential host trees We compared weight gam over one month by 80 larvae reared i
freshly cut logs of eight common hardwood species found in the areas of infestation From the largest
percent weight gain to the smallest, the resulting ranking was Chinese elm, Norway maple, Amencan
elm, honeylocust, sugar maple, red oak, white ash, green ash. Although compansons suggested similar
growth by larvae taken from diet to those reared on twigs, larvae from China grew at a greater rate than
larvac onginating from the Chicago infestation This techmique can be used to rapidly quantify host suit-
abihty and identify trap trees to be used for replanting after removal of infested trees

KLY WORDS host suttability. risk assessment, invasive species

Introduction

The invasive Asian longhomed beetle, Anoplophora glabripennis (Motchulsky)
(Coleoptera: Cerambycidae), represents a serious threat to deciduous forests of North America
and Europe (Haack et al., 1997; Pasek. 2000; FBVA, 2002). Since 1996, more than 7900 in-
fested trees have been removed from areas around New York City and Chicago (Haugen,
2002). An infestation recently discovered mn Braunau, Austnia, has provoked an eradication
program that has removed at least 47 trees since 2000 (FBVA, 2002). Because areas with re-
producing beetles are small, the eradication effort represents an important test case for the
ability to protect ecosystems from invasive species. Around current infestations, the quaran-
tine of all wood may prevent human-induced spread, and the removal of host-trees within the
beetle’s dispersal range may prevent natural spread. The need to prevent spread was shown
in a risk assessment by Nowak et al. (2001), who estimated monetary losses of $669 billion
(all costs in U.S. dollars), assuming A. glabripennis spreads to all urban areas in the U.S. The
current efforts to eradicate this beetle are expected to cost $365 million (Stefan and Markham,
2000). The work described here (1) demonstrates a technique for rapid assessment of host
suitability by invasive wood boring pests and (2) quantifies suitability of eight tree species for
larval growth. For the A. glabripennis eradication effort, this timely information helps offi-
cials concentrate survey efforts on susceptible trees and replant nonhost trees.

A tremendous number of trees are at risk due to the broad host range of A. glabripen-
nis. Of the trees removed from New York, species of maple dominate (95%), followed by
elm (2%), ash (<1%), oak (<1%) and others. These values hint at suitabulity but are a re-
sult of the tree’s size and prevalence as well as the oviposition preference of adults. Ash
trees have been found with beetle oviposition sites, but they are unlikely to be as suitable
as maples (Pasek, 2000). Preferred hosts make up approximately 30% or 1.2 billion of the
urban trees in the U.S. (Nowak er al., 2001). The wider ecological damage A. glabripen-
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Fig | The expenimental set-up for logs Representation of the typical gallery made by a larvac (frass not
shown)

et al., 2002; Bancroft, unpubl. data). We chose pairs of tree species in the same genus to
test for switability differences within these genera. Honeylocust is listed as a nonhost for
replanting upon removal of infested trees (Bohne, 2002). Finally, honeylocust and red oak
have not been removed from the known U.S. infestations, and they are believed to be un-
suitable hosts for A. glabripennis (op. cit.).

In December 2000, we acquired host material from two locations in the Newark,
Delaware area that had not recetved any pesticides in the preceding year. All trees were
leafless so no phloem was moving, and nutrient levels would be relatively low in the cam-
bium. Healthy branches were selected from 1 or 2 trees of the eight species, and logs were
cut (30 x 8 cm) with a volume of approximately 1500 cm?. The distal end of each log was
waxed and their bases were placed in moist sterile sand (Fig. 1). The quarantine room for
the expertment was held at 22 + 2°C, 50 + 5% R.H., and 16:8 L:D cycle. Logs taken into
quarantine grew shoots when placed on moist sand. Within 24 hours, a 3 X 3 cm bark flap
was cut out with a chisel and a 1 x 4 cm hole was drilled into each log. The bark flap kept
the beetles 1n the log and the hole allowed larvae in living wood to choose the tissue for
feeding. Larvae were weighed (accuracy £ 10~ g), placed in drilled holes, and bark flaps
were replaced and held in place with masking tape.

We used four categories of larvae in the experiment. Eggs were obtained from trees in Hoh-
hat, Inner Mongolia, China and transported as larvae to the above quarantine room where they
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Table 1,  Summuory data Mumber of replacates {ome beetie per log), mean initeal and final weaghts (g). 2od note
on survivil

Troe sl China Twigs China it Lah rwgi Toals clagt By

Amencan elm - Number of beetlas 3 3 2 2zt | mussing
Tmitiad weaght 0.1 015 0 6ty an
Frnal weight 033 031 152 i

Chuiese elim Number of bectles It 3 1 3 I died
Inrtis] weight e a1l 076 i
Froil weight [t 044 Inz2 D3z

Green ush Mumber of heetles 2 44 I I 2 died
Tnstial weaght 028 0.13 0,63 .26
Fmal weight 035 L 0.55 012

Honeylosusi® Mumber of beefles 3 3 3 2 I died
Inirial weight 035 .08 0.64 038
Final weight 034 034 0356 03z

Norway maple  Number of beetles 1ot I dhed
Imteal weight 03
Final weight 064

Red ouk Number uf beeiles 3 3 i i
[ratual weight 02 10 n7s aos
Final weight 039 019 072 0o

Sugar maple Mumber of besiies It 3 2 1 | Killed
Iritnasl wenght 032 017 068 015
Fimal weight 072 03 042 oI

Whate ash MNumber of heetles it 4% | rl 2 died
Inslial woergi L] 007 672 RV
Final werghs 013 4 44 003

* Hupeylocust had 11 rephcales
* Indicares proup that nole refors to

were reared in cups of an artificial Amoplophora diet (Dubois er al, 2002) for early instars,
Third or later instars fed on freshly split willow twigs within large test tubes. This regimen
for rearing small and large larvae was developed to reduce desiceation in early instars and
mortality due to unsuccessful molting i older instars. We also used larvae reared from eggs
laid in the quarantine laboratory. We removed infested timber from Chicago and collected
emerging adults, The females were mated and laid eggs on red and sugar maple logs, which
were subsequently transferred onto diet. The number of larvae in each category was 23 small
larvae from China, 20 large larvae from China, 22 small larvae from U.S., and 15 large lar-
vae from U.S. One larvae was placed in each log, and larvae from the four categories were
placed on tree species in approximately equal numbers, except for Norway maple. After we
had allocated the other larvae to host-logs, we ganed access o Norway maple. This is the
most frequently attacked species, and was added to test farval growth on a highly preferred
host. We used 10 Jarval replicates, one per log, for each host species (Table 1. first column).

After 31 days, the logs were dissected and live larvae were reweighed. Recovered lar-
vae were kept for reproductive stock, and host material was autoclaved before removal
from quaranting, The suitability of host trees was represented by the larval weight gain
(= ¢nd wi. — starl wi.). We used a general linsar model with the categorical variables.
species, ongin, and diet (Sutsofl, 1999). To control for vanation in initial weight, the ongi-
nal weight of the larvae was used as a covanate. Because larvae originating from U.S. or
China were divided into groups based on previous diet Lype (artificial or twigs), the diet
vanuhle was nested within the larval origin, The final categorical variable was the species
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of host tree. The design was unbalanced n each cell because Norway maple logs were
only infested with larvae originating from the lab and reared on diet. Therefore, the data
were analyzed as an incomplete design, and interaction between larval regimen and tree
species was not tested. We tested for mean separation among levels of each variable us-
ing Scheffe’s test at alpha = 0.05, which is much more conservative than least significant
difference or other tests with multiple comparison (Winer, 1962). In summary, the exper-
iment tested for differences in weight gain due to host species and larval origin while ac-
counting for initial weight.

Results

During dissection of the logs, we found that larvae typically flattened themselves and
fed on the cambium tissue in a gallery just under the bark (Fig. |). Some uthized the
predrilled hole while others chewed into the heartwood from a feeding gallery under the
bark. Larger individuals (>0.5 g) were always found in the xylem tissue although many
had made galleries in the cambium.

The analysis with a general linear model showed significant differences in weight gain
among tree species (d.f. =7, 59; F =7.23; P <0.001). The two types of larval food, which
were nested within the two sources of larvae, did not show any effect (d.f. = 2, 59; F =
0.148; P = 0.863), but an effect on weight gain was suggested due to larval origin (d.f. =
1, 59, F=6.2; P =0.016). The origin of the larvae suggested that wild-caught larvae grew
faster than those reared from eggs in the lab (Fig. 2a).

The larval weight gain among host-trees showed considerable variation (Fig. 2). The
ranking generally corroborates observations made in tree removal data and Chinese man-
agement efforts (Qin er al., 1985; Pasek, 2000; APHIS, 2002). Maple and elm are desir-
able shade trees, and both have been frequently attacked and removed 1n New York and
Chicago. Our results confirm that larvae readily gained weight on maple and elm, with the
greatest weight gain observed in Old World species. Our study suggests that honeylocust,
a less common ornamental than the other species, and red oak should be surveyed to make
sure no emergence holes are found. We believe further study of the specific characteristics
of host material and larval behavior will improve our ability to predict larval suitability
and the adaptation of A. glabripennis to U.S trees.

Discussion

Perhaps the main result of this study is that A. glabripennis grew more on honeylocust
and red oak than either ash species, which seems to contradict tree removal data suggest-
ing ashes were of intermediate suitability. The number of removed trees is likely to reflect
the frequency distribution of tree species in infested areas, as well as their suitability. Ashes
have been found with oviposition sites, but few emergence holes, which suggests they are
not high quality hosts. The red oak and honeylocust may occur at low frequency in in-
fested areas and have small amounts of infestation, but these trees should not be neglected
by eradication surveyors. Oak timber is highly valued and the trees provide many impor-
tant ecosystem functions, so their protection from more pests is important (Jones et al.,
1998). There arec many trees A. glabripennis cannot use (Pasek, 2000), and we prescribe
that honeylocust not be replanted in infested areas until it has been verified as a nonhost
(Haugen, 2002). There may be benefit to eradication efforts if A. glabripennis females are
“trapped” by indiscriminate attack on ashes. Because so ash may cause high mortality of
larvae. As stated earlier, these results need to be compared with long-term studies on egg
to adult development, now underway.
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Fig 2. ‘Werht change of larval A plabapemnis represented by least square mesuis with standard ervor bars
Schelfe’s test wenulied homogensous groups, which une shown wath the same lenter (slpha = 0.05) a) Weight
gain for each Tood type and larval ongun, while controllimng for mital weight and tree specizs. b) Weight chunge
for cach tree species while controlling, for initsl wewght, food type, and Lirval ungm
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The effects of larval history on growth help us identify areas in need of further research.
Slower growth was abserved Jor beetles onginating from the Chicago population (Fig. 2a).
One interpreiation is that culturing methods need to be improved so adults may be fed and
oviposit healthy epgs in the laboratory, Although we cannot discount maternal effects, we
believe the larvae onginating from China or the US were exposed to very similar envi-
ronments, Another explanation is (hat the beetles in Chicago are a slower growing sub-
population than those from Hohhat. In other words, there could be genetic and environ-
mental effects influencing larval development. This may be elucidated by rearing studies
based on estimated relationships among A, glabripennis lineages. These experiments could
involve rearing larvae from different populations on various hosts in controlling condi-
tions This could be wused to idennfy host specificity and the coevolutionary adaptations
among beetle populations. The methods for measuring host suitability that are described
here form a basis Tor such studies, Our results reaffirm that interpretations of A. glabripen-
nis iology from kaboratory stodies must explicitly state the population origin.

Larvae from both sources grew ot about the same rale whether they were fed twigs or
thet. Bven though large larvae were fed twigs, the covariate analysis accounted for the in-
fuence of size on rearing protocol. 1 s not clear if there 1s a required nutntional shift, but
large larvae in Ching are usually found decp in the heariwood (Bancroft, unpubl. data), We
beheve deeper boring by A, glabripennis larvae may afford protection from parasitoids and
wondpeckers. Further study may suggest how A, glabripennis discerns differences between
live heartwood, twigs, and diet, but the relalively equal growth n spite of feeding history
sugpests the nuirition of the artificial diet is adequate for larval development. These results
alsa indicate that the twigs did not precondition the larvae to exploit woody host-trees pro-
vided in the experiment Finally, the results of diet comparison suggest that healthy A.
glabripenniz may be reared and manipulated in the laboratory.

The guantitative measure of suitubility is important for ongoing modeling efforts. Pre-
diction of population spread depends on the relative suitability among available hosts
{Shigesada and Kawasaki, 1997). The reproductive success on a host is a combination of
female propensity to oviposit and suitability. Adult females clearly discern host suitability
based on previous allocaten of eggs on host matertal {Smith and Bancroft, 2002). This
may be combined with dispersal and mortality to predict population spread (Smith er al.,
2001). The predictions of spread will provide o foundation for assessing adaptive man-
agement strategy for A, plabripenms (Sharov and Liebbold, 1998).

This technique provides a fast assessment of lurval suitability, which may be used on
other wood boring pests. The measurement of developmental success is often impractical
on live trees by natural oviposition, which would require yearlong studies, many trees of
sufficient diameter, and large quarantine preenhouses. Although the logs were sprouting
and beetles gained weight when placed on tissue of the vanious trees, the accuracy of host-
suitability indices from the artificial infestation needs 1o be venfied with longer-duration
field studies. When improved artificial rearing produces large numbers of beetles, field ex-
periments will be able to measure mortality within hosi-trees. United States Department
of Agriculture scientists are growing these species of host-trees and others in China for
just such experiments. These studies using the same host-tree species will test whether lo-
cal effects from trees grown in Delaware account for some of the observed variation among
host species. Further physiological work is also needed to assess how A. glabripennis lar-
vae differentiate various host tissues and how these characteristics interact with different
host species. Females readily oviposit on branches with diameters of 2 cm or larger (Ban-
croft, unpubl. data), but additional studies on the optimal diameter of suitable branches can
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