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Agrilus species (Coleoptera: Buprestidae) often oviposit in bark cracks and crevices to protect their eggs from natural enemies 
and unfavorable conditions, making field detection of eggs and associated parasitism challenging. Burlap-ribbon traps, which 
mimic tree bark texture, have been shown to induce emerald ash borer (EAB), Agrilus planipennis Fairmaire, to lay eggs on 
covered ash (Fraxinus sp.) surfaces. We evaluated these traps for detecting eggs of EAB and its congener bronze birch borer 
(Agrilus anxius Gory), as well as associated egg parasitism, using ash trees exhibiting different amounts of canopy decline and 
on girdled Fraxinus pennsylvanica and Betula papyrifera. Of 55 traps deployed on ash trees, 42 traps remained undisturbed, 
with EAB eggs recovered from 76% of those traps. Parasitized EAB eggs were detected on 21% of the undisturbed traps, 
with an average parasitism rate of 21%. On girdled trees, EAB eggs were recovered from traps installed on all F. pennsylvanica 
trees, and A. anxius eggs from traps on 3 of 5 B. papyrifera trees. Significantly more total eggs and parasitized eggs were 
recovered from B. papyrifera than EAB eggs from F. pennsylvanica, and parasitism rates were higher for A. anxius. These 
findings show that burlap-ribbon traps reliably detect Agrilus eggs and parasitoids across host species, canopy conditions, and 
girdling treatments, and could be a useful tool for biological control monitoring programs.
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Introduction
Several species of Agrilus in North America are serious pests 
of hardwood trees (Duan et al. 2024). Among them, the intro-
duced emerald ash borer (EAB) [Agrilus planipennis Fairmaire 
(Coleoptera: Buprestidae)] is the most destructive pest, having 
killed hundreds of millions of ash trees (Fraxinus spp.) in the 
United States and Canada (Haack et  al. 2002, Poland and 
McCullough 2006, Chamorro et al. 2015). Many Agrilus spe-
cies, including EAB, oviposit in bark cracks or crevices, or 
between layers of loose bark on tree trunks and branches to 
provide protection to the eggs from predation and unfavorable 
abiotic factors (Barter 1957, Haack and Benjamin 1982, 
Loerch and Cameron 1984, Reed et al. 2025).   This cryptic 
oviposition behavior makes field detection and collection of 
Agrilus eggs extremely challenging, hindering efforts to monitor 
egg parasitism.

A recent field study demonstrated that burlap-ribbon traps, 
which consisted of burlap ribbons that were tightly wrapped 
around trunks or branches of trees, effectively induced EAB 
females to oviposit eggs on the burlap-covered bark surface of 
ash trees (Duan et al. 2024). The trap allowed eggs to be easily 

observed and collected after the burlap was removed. In that 
study, low levels of EAB egg parasitism (<2%) by the intro-
duced egg parasitoid Oobius agrili Zhang & Huang 
(Hymenoptera: Encyrtidae) were detected several years after it 
was released at that site (Duan et al. 2024).

In addition to O. agrili, which was introduced for EAB bio-
control, 6 other Oobius spp. occur in North America (Triapitsyn 
et al. 2015). At least 2 species, O. minusculus Triapitsyn & 
Petrice and O. whiteorum Triapitsyn, attack native North 
American Agrilus species (Loerch and Cameron 1984, Petrice 
et al. 2025, Triapitsyn et al. 2015, Duan et al. 2024). However, 
these native parasitoid-host interactions have been poorly stud-
ied, in part due to the small size of parasitoids and the difficulty 
of observing and collecting Agrilus eggs in the field. To date, it 
is not known if burlap-ribbon traps are also effective in detect-
ing eggs of other common Agrilus pests and their associated 
egg parasitoids.

Effective survey methods for Agrilus egg parasitoids would 
be valuable for monitoring biological control impacts on native 
and invasive species. In 2025, we conducted field studies in 
several hardwood forests in Michigan to evaluate the efficacy 
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of the burlap-ribbon traps for detecting eggs of EAB and  
A. anxius Gory (bronze birch borer), a congener that is a native
pest of birch trees (Betula spp.) (Muilenburg and Herms 2012,
Haack and Petrice 2019). We installed burlap-ribbon traps
according to methods described in Duan et  al. (2024) on
EAB-infested Fraxinus spp., and artificially stressed Fraxinus
pennsylvanica (Marshall) and Betula papyrifera (Marshall).

Materials and Methods
During 2025, we conducted 2 separate studies to evaluate 
burlap-ribbon traps for monitoring Agrilus oviposition and 
egg parasitism. In the first study, we targeted EAB eggs on 
EAB-infested ash trees. We arbitrarily selected 5 to 10  
F. pennsylvanica or F. americana L. trees at each of 6 sites in
the southern Lower Peninsula of Michigan where EAB and
O. agrili were established. Selected ash trees were living but

had signs or symptoms of recent EAB attack (i.e., declining 
canopies, fresh woodpecker feeding holes, and/or epicormic 
shoots). Mean (±SE) tree diameter at breast height (DBH) 
was 10.7 ± 0.7 cm (range: 3.0 to 23.9 cm). We rated the can-
opy condition of each tree following Smith (2006), with a 
rating of 1 being a healthy tree with no or minimal crown 
decline (<20%); 2 with some crown decline (21% to 40%); 
3 with very noticeable canopy decline 41% to 60%; or 4 with 
high canopy decline (61% to 80%). Burlap-ribbon traps 
were installed during 11 to 26 June 2025. Growing degree 
days [base 10 °C (GDD10)] from the nearest weather stations 
ranged from 339 to 537 GDD10 (Michigan State University 
Enviroweather: https://enviroweather.msu.edu/). Each 
burlap-ribbon trap consisted of a 3.8-cm-wide × 1-m-long 
burlap ribbon (Duan 2024). The burlap ribbon was wrapped 
tightly around the tree trunk, approximately 1 m above the 
ground, and secured by stapling each end directly to the bark 

Fig. 1.  Burlap-ribbon trap on F. pennsylvanica (A), burlap-ribbon trap on B. papyrifera (B), EAB eggs on F. pennsylvanica—light brown egg was hatched, 
darker eggs were parasitized (C), A. anxius eggs on B. papyrifera circled with blue marker.

https://enviroweather.msu.edu/
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(Fig. 1A and B). If trees had rough or furrowed bark, a draw 
knife was used to carefully smooth the surface of the corky 
bark layer, taking care not to damage the tree phloem (Duan 
2024). This is necessary to ensure that eggs are deposited on 
the outer bark surface rather than being deposited in bark 
cracks or crevices.

In the second study, we targeted eggs of EAB and A. anxius 
at a site in the southern Lower Peninsula of Michigan where 
both F. pennsylvanica and B. papyrifera were present, and EAB 
and O. agrili were established. In 2025, we selected 6 trees each 
of F. pennsylvanica and B. papyrifera that did not have signs 
or symptoms of recent Agrilus attack. Mean DBH for F. penn-
sylvanica was 8.4 ± 0.8 cm (range: 6.7 to 11.4), and for B. papy-
rifera was 10.2 ± 1.0 (range: 7.3 to 13.4). To attract EAB and 
A. anxius, we artificially stressed each tree by girdling. Girdling 
was done on 13 May 2025 (GDD10 = 155) by removing the
bark and phloem layer from a 20-cm-long section of the tree
bole 20 cm above the ground using a draw knife. Burlap-ribbon 
traps were installed on each tree 1 m above the ground on
19 May 2025 (GDD10 = 214).

During 23 to 25 September 2025, we inspected burlap-ribbon 
traps on all trees at each site. Burlap ribbon was carefully 
removed, and the number of Agrilus eggs found attached to 
the tree surface was counted. Then the burlap ribbon was care-
fully inspected for eggs that were attached to the burlap fibers. 
For each trap, we totaled Agrilus eggs found on the bark and 
attached to the burlap. We collected all eggs that were sus-
pected of being parasitized (i.e., eggs that were dark brown or 
black). These eggs were examined in the laboratory under a 
stereo microscope to confirm if they had parasitoid exit holes 
or contained immature parasitoids.

To compare total and parasitized EAB eggs recovered per 
trap among trees with different stages of canopy decline, we 
used a generalized linear model (GLM) with a Poisson distri-
bution (SAS Institute 2012). The proportion of EAB eggs par-
asitized was compared using a GLM with a binomial 
distribution. We compared total and parasitized Agrilus eggs 
found under burlap-ribbon traps on girdled trees between B. 
papyrifera and F. pennsylvanica using a GLM with a Poisson 
distribution. A GLM with a binomial distribution was used to 
compare the proportion of parasitized eggs between species. 

Estimated marginal means that were significantly different 
(P < 0.05) were compared using the Tukey–Kramer means com-
parison procedure. Burlap-ribbon traps that were removed or 
damaged, presumably by squirrels, were excluded from 
analyses.

Results
We placed a total of 55 burlap-ribbon traps on ash trees with 
different stages of canopy decline, of which 42 (76%) were 
undisturbed (Table 1). Of the undisturbed burlap-ribbon traps, 
we recovered 198 total EAB eggs from 32 of 42 (76%) trees 
(Table 1). Parasitized EAB eggs were found on 21% of the 
undisturbed traps and overall parasitism was 21% (Table 1; 
Fig. 1C). Trees that had a canopy decline rating of 4 had a 
significantly higher mean number of EAB eggs than canopy 
decline 1 trees, and mean number of EAB eggs were interme-
diate for canopy decline 2 and 3 trees (F = 3.39; df = 3, 38; 
P = 0.0277; Table 2). EAB eggs parasitized by O. agrili were 
collected with burlap-ribbon traps on trees for all canopy 
decline stages and means were not significantly different for 
number (F = 2.04; df = 3, 38; P = 0.1249; Table 2) and propor-
tion (F = 1.67; df = 3, 28; P = 0.1956; Table 2) of parasitized 
eggs among canopy decline stages.

Of the burlap-ribbon traps placed on each of 6 F. pennsyl-
vanica and B. papyrifera girdled trees, 5 traps were not dis-
turbed on each species. Of these, we recovered Agrilus eggs 
from all (100%) girdled F. pennsylvanica trees and 3 (60%) of 
the B. papyrifera trees (Table 1). Parasitized eggs were recov-
ered from 4 (80%) of the girdled F. pennsylvanica trees and 3 
(60%) of the B. papyrifera trees (Table 1). The number of total 
and parasitized eggs, and the proportion of eggs parasitized 
per burlap-ribbon traps varied significantly between species. 
Significantly more A. anxius eggs were recovered from traps 
on B. papyrifera, compared to EAB eggs on F. pennsylvanica 
(F = 43.33; df = 1, 8; P = 0.0002; Table 3). The mean number 
of parasitized A. anxius eggs was significantly higher compared 
to parasitized EAB eggs (F = 62.96; df = 1, 8; P = 0.0001; 
Table 3). The proportion of parasitized eggs was also signifi-
cantly higher for A. anxius compared to EAB (F = 38.47; df = 1,  
6; P = 0.0008; Table 3).

Table 1.  Number of undisturbed burlap-ribbon traps and percentage of traps that recovered Agrilus eggs and parasitized Agrilus eggs

Host species/condition No. undisturbed traps
Traps (%) with 
Agrilus eggs

Traps (%) with 
parasitized eggs

Fraxinus spp./stressed by EAB 42 76% 21%
F. pennsylvanica/girdled 5 100 80
B. papyrifera/girdled 5 60 60

Table 2.  Estimated marginal mean (±SE) number of total and parasitized eggs, and proportion of parasitized emerald ash borer eggs recovered per 
burlap-ribbon trap placed on ash trees with different stages of canopy decline in the southern Lower Peninsula of Michigan in 2025. Means with the 
same letters (within columns) were not significantly different (P < 0.05)

Canopy decline rating No. traps Mean (±SE) total eggs Mean (±SE) parasitized eggs Mean proportion parasitized

1 (0–20%) 13 3.3 ± 0.5b 0.6 ± 0.2a 0.18 ± .06a
2 (21–40%) 12 4.9 ± 0.6ab 1.6 ± 0.4a 0.33 ± 0.08a
3 (41–60%) 9 5.0 ± 0.7ab 0.8 ± 0.3a 0.15 ± 0.06a
4 (61–80%) 8 6.4 ± 0.9a 1.0 ± 0.4a 0.16 ± 0.06a
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Discussion
Effective tools are needed for monitoring egg parasitism of 
Agrilus spp. In 2025, we field-tested burlap ribbon traps devel-
oped by Duan (2024) for recovering EAB and A. anxius eggs 
to monitor their egg parasitoids. We recovered EAB eggs, 
including parasitized eggs, from EAB-infested ash trees repre-
senting a range of declining canopies, observing more eggs on 
highly declined trees. This aligns with EAB’s known preference 
for stressed trees and the progression of infestation, which leads 
to increased oviposition near ground level on highly declined 
trees. We also collected EAB on F. pennsylvanica and A. anxius 
eggs on B. papyrifera trees that were artificially stressed by 
girdling using burlap-ribbon traps. Our results confirm that 
burlap-ribbon traps can be an effective tool for recovering 
Agrilus eggs to monitor egg parasitism on stressed trees.

It is not surprising that more EAB eggs were recovered on 
ash trees with significant canopy decline compared to those 
showing little or no decline. Jennings et al. (2014) found higher 
numbers of ovipositing EAB females and eggs on living ash 
trees with high levels of canopy decline compared to trees 
showing little or no decline. Also, trees with significant decline 
will produce higher numbers of adult beetles, many of which 
likely oviposit on the same tree they emerged from. Furthermore, 
EAB infestation of trees usually begins in the canopy and pro-
gresses downward over multiple years of infestation (Chamorro 
et al. 2015, Duan et al. 2024). As a result, trees with higher 
canopy decline from Agrilus attacks usually have more ovipo-
sition occurring near the ground level of the tree stem where 
we deployed burlap-ribbon traps (Haack and Benjamin 1982, 
Haack et al. 1983).

This study also demonstrated that burlap-ribbon traps can 
be used to monitor Agrilus egg parasitism on trees that are 
artificially stressed by girdling. In addition to EAB eggs on 
girdled F. pennsylvanica, we recovered A. anxius eggs on gir-
dled paper birch. In fact, the highest numbers of eggs were 
recovered from B. papyrifera. Agrilus anxius prefers to lay eggs 
in areas with rough bark or bark crevices (Anderson 1944, 
Loerch and Cameron 1984). In general, B. papyrifera has much 
smoother bark compared to F. pennsylvanica, and it is possible 
that burlap-ribbon traps were more effective on B. papyrifera 
because preferred oviposition sites were more limited. 
Species-specific oviposition behavior may also explain differ-
ences in egg recoveries between species. For instance, Green 
and Duan (2025) found that EAB oviposition was highest when 
the gap between the burlap and tree bark was 0.5 mm. It is 
possible that the gap size used in this study was more optimal 
for A. anxius oviposition compared to EAB. It is also possible 
that the differences in egg recoveries were a function of adult 
Agrilus densities at our study site. However, at our study site, 
EAB adults were much more abundant than A. anxius, given 
the high mortality of ash trees compared to little or no observed 
mortality of paper birch.

Artificially stressing trees by girdling the main stem is a 
proven method for attracting Agrilus beetles (Anderson 1944, 
Haack and Benjamin 1982, Petrice and Haack 2014, 
McCullough et al. 2016). The ability to recover Agrilus eggs 
with burlap-ribbon traps on girdled trees has unique advan-
tages when monitoring egg parasitism. For example, suitable 
monitoring trees (i.e., trees showing evidence of Agrilus 
attack) may be limited or not present at survey locations. By 
girdling trees, Agrilus oviposition can be directed to trees at 
specific locations and the desired number of sample trees 
needed for effective surveys. This could be especially advan-
tageous when monitoring areas over multiple years as long as 
healthy trees are available at the sampling location. Girdling 
also allows surveyors to select trees with smoother bark, which 
are easier to locate Agrilus eggs on, compared to trees with 
coarse bark.

Most parasitoids had emerged from Agrilus eggs before we 
inspected traps, but parasitized eggs without exit holes were 
confirmed to contain live or dead immature parasitoids. We 
assumed that all parasitized EAB eggs were attacked by  
O. agrili, given that no other egg parasitoids have been previ-
ously recovered from EAB in the United States (Duan et al.
2012, Abell et al. 2014, Petrice et al. 2021). Parasitized A.
anxius eggs were likely attacked by O. whiteorum (Triapitsyn
et al. 2015) or another native Oobius species.

In summary, we found burlap-ribbon traps to be an effective 
tool for recovering EAB and A. anxius eggs to monitor egg 
parasitism. Future research should also examine the utility of 
oviposition traps for monitoring eggs of other native and inva-
sive Agrilus species, especially larger species that attack tree 
stems and larger branches. If oviposition traps are utilized for 
recovering adult egg parasitoids, parasitized Agrilus eggs 
should be collected from traps and reared in the laboratory 
throughout the Agrilus oviposition period before adult para-
sitoids emerge from host eggs.
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