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ABSTRACT Reproductive biology of the bronze birch borer, Agrilus anxius
Gory, was examined by measuring the influence of host on maturation feeding
period, fecundity, incubation period, egg viability, and longevity. Initially,
females fed Betula pendula Roth leaves had the highest fecundity and egg
hatchability. However, when large numbers of beetles were caged on an
individual B. pendula in 1982, females did not oviposit. Fecundity and egg hatch
varied on Populus deltoides Bartr. ex March between years but was consistently
high, and the percentage of females ovipositing when fed this host was usually
highest. Some beetles fed Quercus palustris Muenchh. or Salix elaeagnos Scop.
produced eggs; no reproduction occurred on Acer saccharinum L. Host species
and environmental variables influenced the beetle’s reproductive biology, but
some of the observed differences may be explained by reduced foliage quality
resulting from inducible plant defense or spacing pheromones produced by
beetles at high densities.

KEY WORDS Agrilus anxius, bronze birch borer, Buprestidae, reproductive
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The bronze birch borer, Agrilus anxius Gory, was first recognized as a serious pest
of ornamental birches in the late 1800’s (Chittendon 1898). Larval feeding scars the
cambium, restricts phloem translocation, interferes with movement of water, and
ultimately contributes to tree death. Consequently, most studies have examined
the larval stage and its impact on the host (Balch and Prebble 1940, Anderson
1944, Barter 1957, Ball 1979, Loerch 1983).

The limited research that has been conducted with adults is dominated by host
foliage preference tests. Britton (1923) observed adults feeding naturally on willow,
Salix sp., poplar, Populus sp., and birch, Betula sp. Field observations by Hutchings
(1923) indicated beetle preference for poplar and willow foliage over birch. Carlson
and Knight (1969) maintined adults in the laboratory on apple pieces, but
concluded that tree foliage was the probable food source. In laboratory preference
tests, beetles consumed more poplar and willow than birch foliage and preferred
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quaking aspen, Populus tremuloides Michx., over willow, birch and other poplar
species (Barter 1957, Nash et al. 1951).

Information about the influence of host on reproductive biology of bronze birch
borer adults is lacking. To manipulate beetles for future research, it is imperative to
quantify parameters of A. anxius reproductive biology on potential adult hosts. This
study was conducted to investigate host influence on beetle maturation feeding period
(preoviposition period), fecundity, longevity, incubation period, and egg viability.

Materials and Methods

Infested birch were felled in the Wooster vicinity and placed in an insectary at
The Ohio State University, Ohio Agricultural Research and Development Center
(OARDC), Wooster, Ohio. Newly emerged, unmated A. anxius beetles were collected
daily and separated by sex. Host influence on adult biology was investigated by
caging virgin beetle pairs on leaves of selected trees on the OARDC campus.
Beetles 1- to 2-d-old were caged on attached leaves (1 pair/leaf) in 19.2 cm?
transparent plastic petri dishes with tops and bottoms partially replaced with
nylon mesh to provide ventilation. Cages were examined every other day for eggs
and dead beetles and moved to fresh leaves at this time. When eggs were found,
adults were removed and caged on a new leaf. Cages with eggs were positioned in
the interior of a tree canopy and examined daily for egg eclosion.

In 1980, 25 beetle pairs, 5 prs/each of 5 30-cm-tall rooted cuttings (poplars) or
seedlings (birch), were placed on Populus generosa A. Henry, P. deltoides Bartr. ex.
March (cottonwood), and Betula sp. in a polyhouse. In 1981, 10 beetle pairs were
placed on separate leaves of single, mature P. deltoides and Betula pendula Roth
(European white birch). In 1982, 15 beetle pairs were placed on a single, mature
Quercus palustris Muenchh. (pin oak), Salix elaeagnos Scop., and Acer saccharinum
L. (silver maple); 5 pairs were placed on each of 3 cottonwoods. Also in 1982, 15
beetle pairs were monitored from a high population of beetles (100 pairs)
maintained on a single European white birch (ca. 42 m tall, 8.5 cm DBH). In 1983,
15 beetle pairs were placed on a single, mature pin oak and S. elaeagnos, and 5
pairs were placed on each of 3 cottonwoods and European white birch. In addition,
15 beetle pairs were again monitored from a high population of beetles (100 pairs
maintained on a single European white birch, as above).

Comparisons of adult maturation feeding, fecundity, longevity, incubation
period, and egg viability on different hosts were analyzed by Student’s t-test or
one way analysis of variance. In 1980, 1982, and 1983 comparisons of the aforemen-
tioned beetle biological parameters were conducted within each tree species. Only
female longevity when fed P. generosa in 1980, and male and female longevity
when fed cottonwood in 1982 were significantly different (P = 0.05). All other
parameters in all years were nonsignificant between plants of the same species.
Consequently, each beetle pair was considered an experimental unit to allow
greater flexibility in analysis and interpretation. Means were separated with
Duncan’s (1955) new multiple range test (P = 0.05).

Results and Discussion

Longevity. Beetle longevity varied with host and between years, in some
cases. In 1980 and '81 when beetles were caged on rooted seedlings, cuttings, or on
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mature leaves of mature trees, longevity was higher on birch than poplar (Table 1).
Females fed birch foliage lived 26 days, while those fed poplar lived 19 days. In
similar studies, beetle longevity was 23 days on poplar and birch (Balch and
Prebble 1940) and 24 days on quaking aspen (Barter 1957).

When high numbers of beetles were caged on European white birch in 1982
and ’83, longevity was significantly reduced, in comparison to other hosts evaluated
(Table 1). In those years, cottonwood was the nominal host, and adults lived next
longest when fed foliage of pin oak or willow.

Agrilus anxius adults can survive on a number of non-larval hosts. Larvae are
only able to colonize trees in a weakened condition (Anderson 1944, Barter 1957),
and suitable larval hosts are not distributed regularly. Since females apparently
must find weakened trees for reproduction, it is adaptive for them to utilize hosts
other than birches to provide energy when searching for oviposition sites.

On nearly all hosts evaluated and in all years, females lived longer than males
(Tables 1). This is not surprising, since males are only necessary for mating, and
females need mate only once for nominal oviposition (Akers and Nielsen, unpublished).
Barter (1957) reported no difference in life span of males and females when adults
were fed detached aspen leaves.

Overall, longevity was highest in 1982 when unseasonably warm temperatures
in May stimulated early adult emergence, followed by cool weather in June that
delayed reproduction.

Fecundity. Egg production and viability varied with adult host (Table 2).
Significantly more eggs were produced by beetles fed birch or cottonwood rather
than P. generosa in 1980. In terms of overall egg production, data from 1980 and
’81 suggested that birch was a nominal host for the birch borer.

When comparisons were made for only ovipositing females on a host, there was
no significant host influence on fecundity (Table 2). However, the propensity to
oviposit was significantly higher on birch (X2 = 7.0, P = 0.05) and cottonwood
(X2 =12.89) than on P. generosa. On the latter, 7% of the females oviposited,
whereas 71% and 50% of those fed birch or cottonwood, respectively, oviposited in
1980. In 1982 and ’83, propensity to oviposit remained high on cottonwood (92 and
93%, respectively), versus 53 and 14% on oak and 15 and 0% on willow. These
differences are significant (P = 0.01, X2 = 39.1 in 82, X2 = 40.1 in 1983). Beetles
were more likely to oviposit when at low versus high density on attached leaves of
field-planted B. pendula (P = 0.05, X2 = 4.62).

Barter (1957) reported that a caged, mated A. anxius female produced 25
larvae. Through dissection, he found an average of 50 oocytes per gravid female
before oviposition and predicted that the reproductive potential was even higher.
In 1981, fecundity of ovipositing beetles on B. pendula approached that observed
by Barter. Low fecundity in our study in 1980 may be attributed to feeding beetles
on first year rooted seedlings or cuttings or high greenhouse temperatures that
may have stressed beetles, thereby reducing egg production. Although we do not
know if caging beetles altered fecundity, females oviposited within cages on a
variety of hosts during all years of the study and throughout their lifetime. Non-
ovipositing females in our studies were observed mating and feeding on all hosts
except silver maple.

Although only 15 of the 100 beetle pairs on the single European white birch
were monitored routinely for longevity and fecundity in 1982, none of the 100
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females oviposited (Table 2). This treatment was repeated in 1983 with the same
result. Mature eggs were not found in dead females, but internal decomposition
was rapid, perhaps precluding their detection.

Based on our unpublished observations of beetle density in infested birch
plantations and landscapes, we would not expect to find as many as 200 beetles
feeding on an individual tree of the size used in our study. This population density
of birch borer adults may have stimulated a defensive response within the host.
Partial defoliation by herbivores has been demonstrated to reduce leaf quality in
Alnus rubra and Salix sitchensis (Rhoades 1983), Quercus rubrum L. (Schultz and
Baldwin 1982), and Betula pubescens spp. Tortuosa Ledeb. (Haukioja and Niemela
1977).

It is also possible that artificially high feeding density by adults on leaves
caused the tree to produce volatiles that inhibit either egg maturation or oviposition.
This phenomenon has been found in Lepidoptera (Schurr and Holdaway 1970,
Renwick and Radke 1980, 1981), in response to larval feeding.

It is possible that birch borer adults produce a spacing pheromone that tends
to minimize over-utilization of oviposition sites (sensu Prokopy et al. 1984). This
behavior would be especially adaptive to an insect that is a K-strategist that kills
its host.

Barter (1957) found that a single, mated, female bronze birch borer in a cage
produced as many or more eggs than did several mated females in a cage. He also
found that as cage size increased, oviposition increased dramatically. These results,
combined with ours, suggest that a spacing pheromone produced by beetles is the
most likely explanation for reduced fecundity associated with high beetle density.
If this occurs, it is not known if gametogenesis is retarded or if gravid females
simply refrain from oviposition in the presence of a spacing pheromone.

Maturation Feeding. Within all test years, mean days to first oviposition did
not vary significantly between hosts (ANOVA, P = 0.05) (Table 1). The shortest
maturation feeding period for an individual female was 7 days (1981). In similar
studies, oviposition did not occur until at least 6 days after adult emergence
(Barter 1957, Williams and Neiswander 1959). The range in average days to first
oviposition between years for a particular host indicated that environmental conditions
influence the length of the preoviposition feeding period.

Egg Viability. Host influence on hatchability was significant only in 1981.
Hatch was higher for eggs from females fed birch than cottonwood foliage (Table
2).

Average days to first egg hatch was influenced by host only in 1982. Eggs
produced by females fed pin oak required significantly longer to hatch (Table
2).

Summary and Conclusions

In our preliminary studies (1980 & ’81), reproductive potential of the birch
borer was high when adults were fed birch foliage under laboratory and greenhouse
conditions. Since birches are the only known larval host for this species, it seemed
that adults had also specialized on birch. However, subsequent experimentation
under field conditions indicated that egg production and other reproductive
parameters were nominal on cottonwood. Carlson and Knight (1969) suggested that
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this beetle evolved from an ancestor that fed on willow and poplar. Many species
of Agrilus are still in a high state of evolutionary flux in regard to host plants
(Fisher 1920).

The European white birch on which adults were caged out-of-doors were
growing in an experimental block of Betula species that were becoming heavily
infested by borer larvae. The endemic beetle population was increasing dramatically,
and tree mortality was common (unpublished). Perhaps this high backround level
of beetles in the experimental birch planting resulted in a threshold level of a
spacing pheromone that retarded gametogenesis or reduced propensity to oviposit.

Factors that drive maturation feeding and reproductive behavior of birch borer
adults are still mostly unknown. We do not know if females select stressed trees
for oviposition or if eggs are laid on both vital and non-vital trees. However,
moderate beetle longevity and low fecundity would indicate that females may
differentially oviposit on weakened hosts as suggested by previous investigators
(Anderson 1944, Barter 1957). This question is currently under investigation in
Michigan (D. A. Herms, pers. comm.).

It appears that the best way to obtain bronze birch borer eggs or larvae for
experimentation is to cage individual pairs at low density, if trees growing out-of-
doors are used as adult hosts. Caging mated females or mating pairs individually
on attached or detached leaves in the greenhouse may also be most productive if
beetle density is minimized. Indoor rearing should probably be done where air
exchange is constant, in case spacing pheromone is produced. Choice of adult diet
is still unclear, but both cottonwood and European white birch may be good
choices.

Acknowledgments

We thank M. J. Dunlap, C. A. Birk, and D. L. Cox for their technical assistance.
References Cited

Anderson, R. F. 1944. The relation between host condition and attacks by the bronzed
birch borer. J. Econ. Entomol. 37: 588-596.

Balch, R. E., and J. S. Prebble. 1940. The bronze birch borer and its relation to the dying
of birch in New Brunswick forests. For. Chron. 16: 179-201.

Ball, J. 1979. Interactions of bronze birch borer (Agrilus anixus Gory) and European white
birch (Betula pendula Roth) populations in urban environments. M. S. thesis. Mich. State
Univ., East Lansing.

Barter, G. W. 1957. Studies of the bronze birch borer, Agrilus anxius Gory, in New
Brunswick. Can. Entomol. 89: 12-36.

Britton, W. E. 1923. The bronze birch borer. Conn. Agric. Exp. Stn. Bull. 247: 359-361.

Carlson, R. W., and F. B. Knight. 1969. Biology, taxonomy, and evolution of four
sympatric Agrilus beetles (Coleoptera: Buprestidae). Contrib. Am. Entomol. Inst. 4(3): 1-
105.

Chittendon, F. W. 1898. A destructive borer enemy of birch trees, with notes on related
species. U. S. Dept. Agric., Div. Entomol. Bull. 18: 44-51.

Duncan, D. B. 1955. Multiple range and multiple F tests. Biomonics 11: 1-42.

Fisher, W. S. 1928. A revision of the North American species of buprestid beetles belonging
to the genus Agrilus. U. S. Natl. Mus. Bull. 145, 347 pp.

Haukioja, E., and P. Niemela. 1977. Retarded growth of a geometrid larva after mechanical
damage to leaves of its host tree. Ann. Zool. Fennici. 14: 48-52.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



AKERS and NIELSEN: Reproductive Biology of Bronze Birch Borer 203

Haukioja, E. and P. Niemela. 1979. Birch leaves as a resource for herbivores: Seasonal
occurrence of increased resistance in foliage after mechanical damage of adjacent leaves.
Oecologia. 39: 151-159.

Hutchings, C. B. 1923. Some biological observations on the bronze birch borer, Agrilus
anxius Gory. Ann. Rep. Quebec Soc. Prot. Plants. 15: 89 - 92.

Loerch, C. A. 1983. Instar determination, within-tree distribution, and natural enemies of
immatures of the bronze birch borer, Agrilus anxius Gory (Coleoptera: Buprestidae) in
Pennsylvania. M. S. thesis, The Penn. State Univ., University Park.

Nash, R. W., E. J. Duda, and N. H. Gray. 1951. Studies on extensive dying, regeneration,
and management of birch. Maine For. Serv. Bull. 15: 1-82.

Prokopy, R. J., B. D. Roitbert, and A. L. Averill. 1984. Resource partitioning. In.
Chemical Ecology of Insects, W. J. Bell and R. T. Cardé, eds. Chapman and Hall, New
York, pp. 301-330.

Renwick, J. A. A., and C. D. Radke. 1980. An oviposition deterrent associated with frass
from feeding larvae of the cabbage looper, Trichoplusia ni. Environ. Entomol. 9: 318-
20.

Renwick, J. A. A, and C. C. Radke. 1981. Host plant constituents as oviposition
deterrents for cabbage looper, Trichoplusia ni. Entomol. Exp. Appl. 30: 201-204.

Rhoades, D. F. 1983. Responses of alder and willow to attack by tent caterpillars and
webworms: Evidence for pheromonal sensitivity of willows. Am. Chem. Soc. Symp. Ser.
208: 55-68.

Schultz, J. C. 1983. Habitat selection and foraging tactics of caterpillers in heterogeneous
trees. In “Variable Plants and Herbivores in Natural and Managed Systems: (R. F.
Denno and M. S. McClure, eds.), Academic Press, Inc., New york pp. 61-90.

Schultz, J. C., and I. T. Baldwin. 1982. Oak leaf quality declines in response to
defoliation by gypsy moth larvae. Science. 217: 149-150.

Schultz, J. C., P. J. Nothnagle, and 1. T. Baldwin. 1982. Seasonal and individual
variation in leaf quality of two northern hardwood tree species. Am. J. Bot. 69: 733-
759.

Schurr, K., and F. G. Holdaway. 1970. Olfactory responses of female Ostrinia nubilalis.
Entomol. Exp. Appl. 13: 455-461.

Whitham, T. G. 1981. Individual trees as heterogeneous environments: adaptation to herbivory or
epigenetic noise? In “Insect Life History Patterns; Habitat and Geographic Variation” (R.
F. Denno and H. Dingle, eds.), Springer-Verlag, Berlin/New York, pp. 9-27.

Whitham, T. G. 1983. Host manipulation of parasites: Within-plant variation as a defense
against rapidly evolving pests. In “Variable Plants and Herbivores in Natural and
Managed Systems” (R. F. Denno and M. S. McClure, eds.), Academic Press, Inc., New
York., pp. 15-41.

Whitham, T. G., and C. N. Slobodchikoff. 1981. Evoluation by indviduals, plant-herbivore
interactions, and mosaics of genetic variability: The adaptive significance of somatic
mutations in plants. Oecologia. 49: 287-292.

Williams, R. E., and R. B. Neiswander. 1959. Investigations on control of the bronze
birch borer and the flatheaded apple tree borer. J. Econ. Entomol. 52: 255-257.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05





