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BEHAVIORAL DIFFERENCES BETWEEN TWO RECENTLY
SYMPATRIC PAPER WASPS, THE NATIVE POLISTES FUSCATUS
AND THE INVASIVE POLISTES DOMINULUS
Stephanie A. Silagi1 , George J. Gamboa1, Carrie R. Klein1 and Melissa A. Noble1

ABSTRACT
Polistes dominulus (Christ), an old world paper wasp, was introduced into
the eastern United States in the 1970s and has been rapidly spreading westward. Recently, it has displaced the native Polistes fuscatus (F.) in at least some
areas of Michigan. In order to understand why P. dominulus has been so successful, several behavioral attributes were compared between P. dominulus and
P. fuscatus at a Michigan field site that contained colonies of both species nesting semi-naturally in plywood nestboxes.
Preworker colonies of P. dominulus had a significantly greater tendency to
store nectar (and had significantly higher proportions of cells with nectar) than
preworker colonies of P. fuscatus. This finding may explain the higher survivorship of P. dominulus foundresses reported in a previous study. P. dominulus
also had a significantly greater tendency to build vertical nests and had significantly more pedicels per comb and per cell than P. fuscatus. These findings
suggest that compared to P. fuscatus, P. dominulus may have more flexibility in
the positioning of its combs and, because of a possibly stronger attachment of
the comb to a substrate, may be less susceptible to bird predation. The higher
winter survivorship reported for P. fuscatus over P. dominulus in a previous
study does not appear to be due to differences in the proportions of gynes stranded
on their nests late in the fall. Finally, behavioral evidence from videography
was consistent with previous reports that P. dominulus is not replacing P. fuscatus
through direct agonistic interactions.
____________________
The invasive European paper wasp, Polistes dominulus (Christ), has been
spreading rapidly westward since its introduction to the Boston area in the late
1970s (Pickett and Wenzel 2000; Gamboa et al. 2002). Polistes dominulus was
first reported in Michigan in 1995 (Judd and Carpenter 1996) and, in at least
some areas of Michigan, has completely replaced the only native paper wasp, P.
fuscatus (F.) (Gamboa et al. 2002).
Pickett and Wenzel (2000) and Gamboa et al. (2002) documented that
colonies of P. dominulus are much more productive than colonies of the native P.
metricus Say and P. fuscatus in Ohio and Michigan, respectively. Gamboa et al.
(2002) reported that P. dominulus had a number of potential advantages over P.
fuscatus that likely contributed to its higher productivity. These advantages
included earlier production of workers and greater per capita foraging rates.
Interestingly, Gamboa et al. (2002) found no evidence that P. dominulus was
negatively affecting P. fuscatus directly through agonistic encounters.
Gamboa et al. (2002) reported that foundresses of P. dominulus also had
significantly higher survivorship than foundresses of P. fuscatus. In our present
study, we examined nectar storage in the two species to determine if the enhanced survivorship of P. dominulus might be due to greater nectar stores. We
also compared the positioning of the nest and the number of pedicels in nests to
1
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determine if P. dominulus might have greater flexibility in its choice of nest
sites and a stronger attachment of the comb to the substrate than P. fuscatus.
Gamboa et al. (2004) found that P. dominulus had a significantly lower survivorship during winter diapause than P. fuscatus. We compared the number of gynes
stranded on late fall nests in the two species to determine if this might explain
their differential winter survivorship. Finally, we observed behavioral interactions between P. fuscatus and P. dominulus foundresses that had nested together naturally in field nestboxes.
METHODS
To compare nectar storage in P. fuscatus and P. dominulus, on 14 May
2002 we surveyed 90 plywood nestboxes of which 76 contained preworker colonies (36 P. fuscatus and 40 P. dominulus) at the Oakland University Preserve
(located 50 km north of Detroit, Michigan). For a description of nestboxes and
the field site, see Judd (1998). During the survey we recorded the presence or
absence of nectar in each comb. In 2003, we surveyed 90 nestboxes of which 72
contained colonies (31 P. fuscatus and 41 P. dominulus) prior to the first emergence of workers on 27 June and again after first worker emergence on 13 July.
For each colony surveyed on 27 June and 13 July in 2003, we recorded the
number of foundresses, the number of cells in the comb, and the number of cells
that contained nectar. For both 2002 and 2003, foundresses were marked in
mid-May with Testors enamel (The Testor Corporation, Rockford, IL.) for individual identification.
We recorded the positions of combs in nestboxes containing colonies in
surveys of 76 nestboxes on 7 May 2002 and 72 nestboxes on 2 June 2003. For
each survey, we recorded the number of foundresses, the number of cells in the
comb, and whether the comb was attached to the top of the nestbox (horizontal
surface) or the back of the nestbox (vertical surface). For 2003 colonies, we
collected and counted the gynes on each comb in early November after which
temperatures remained below critical flight temperatures (~15º C) for the remainder of the year. These gynes were stranded on their nests and unable to fly
to protected hibernaculae to spend the winter. In December after the completion
of the colony cycle in 2002 and 2003, we removed combs from nestboxes and
counted the number of cells and pedicels in each comb.
We conducted videography of four preworker colonies that nested naturally in two nestboxes (12 h total) to observe behavioral interactions between
foundresses of P. fuscatus and P. dominulus. In 2001, we videotaped four, twohour segments (on 8, 9, 10 and 18 May) of a nestbox that contained a singlefoundress colony of P. fuscatus and a single-foundress colony of P. dominulus. In
2003, we videotaped two, two-hour segments (on 28 and 29 May) of a nestbox
that contained a single-foundress colony of P. fuscatus and a single-foundress
colony of P. dominulus. In both 2001 and 2003, the heterospecific combs in each
nestbox were approximately 5 – 6 cm apart. Videotapes were viewed in the
laboratory by one observer and the numbers and kinds of interactions between
heterospecific foundresses, as well as the initiator of each interaction, were
recorded.
Whenever we had adequate sample sizes of matched colonies, we utilized matched comparisons for data analyses. Interspecific matched comparisons involved a colony of P. dominulus and a spatially proximate (< 10m apart)
colony of P. fuscatus with the same number of foundresses. Intraspecific matched
comparisons involved a single-foundress colony and a spatially proximate
(<10m apart) multiple-foundress colony of the same species. Matched colonies, which had presumably experienced similar environmental conditions
(insolation, temperatures, etc.), were compared statistically with Wilcoxon
Matched-Pairs tests (Siegel and Castellan 1988). Means are followed by standard deviations. All statistical tests are two-tailed.
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RESULTS
Preworker P. dominulus colonies were significantly more likely to have
nectar stored in their combs than colonies of P. fuscatus. Of 148 single- and
multiple-foundress colonies surveyed in 2002 and 2003, 68 of 84 (81%) P.
dominulus nests but only 38 of 64 (59%) P. fuscatus nests contained stored
nectar (P < 0.02, Chi-Square test). Polistes dominulus colonies also had significantly more cells containing nectar (mean = 10.9) than did colonies of P. fuscatus
(mean = 3.9, P = 0.005, Table 1). Since P. dominulus colonies are larger than P.
fuscatus colonies (Gamboa et al. 2002), it may be that the greater number of
cells containing nectar in P. dominulus is simply a reflection of their greater
number of cells. This was not the case. Polistes dominulus colonies had a
significantly higher percentage of their total cells containing nectar (mean =
13.3%) than did P. fuscatus colonies (mean = 4.6%, P = 0.001, Table 1).
In preworker surveys, multiple-foundress colonies of both species had a
greater percentage of their cells with nectar than did single-foundress colonies,
but the differences were not significant. For P. fuscatus, the percentage of cells
that contained nectar for multiple- and single-foundress colonies was 6.2 (± 4.0)
and 2.3 ( ± 3.2), respectively (P = 0.08, N = 9 matched pairs). For P. dominulus, the
percentage of cells containing nectar for multiple- and single-foundress colonies
was 16.8 (± 17.6) and 12.6 (± 9.5), respectively (P = 0.45, N = 13 matched pairs).
Postworker colonies of both species stored relatively little nectar in their
combs. In 2003, only 9 of 31 (29 %) P. fuscatus colonies and 21 of 41 (51%) P.
dominulus colonies contained nectar in their combs. The greater tendency of P.
dominulus colonies to store nectar in postworker colonies was not significant (P
> 0.1, Chi-Square test). Although P. fuscatus and P. dominulus postworker
colonies did differ significantly in the number of cells with nectar (means = 0.07
± 0.26 and 1.4 ± 2.7, respectively; P < 0.04), they did not differ in the proportion
of cells with nectar (means = 0.7 ± 0.5 and 0.8 ± 0.9, respectively; P > 0.3, N = 16
matched pairs for both comparisons).
Of 148 nests constructed in 2002 and 2003, 15 were vertical nests and 133
were horizontal nests. Of the 15 vertical nests, 14 (7 single- and 7 multiple-foundress
colonies) were constructed by P. dominulus. As a result, P. dominulus had a significantly greater tendency to build vertical nests than P. fuscatus (P < 0.05,
Chi-Square test). Of the 14 P. dominulus vertical nests, 7 eventually expanded
to the roof of the nestbox so that they occupied both the horizontal and vertical
sides of the nestbox. For P. dominulus, the mean numbers of cells for vertical
nests (mean = 243 ± 119) and horizontal nests (mean = 219 ± 108) were not
significantly different (P = 0.37, N = 11 matched pairs).
Combs of P. dominulus had significantly more pedicels (mean = 7.72) than
combs of P. fuscatus (mean = 2.07, P = 0.0008, Table 2). Furthermore, combs of
P. dominulus had significantly more pedicels per cell than combs of P. fuscatus
(P = 0.04, Table 2).
Table 1. Comparisons of nectar storage in preworker combs of P. fuscatus and
P. dominulus.
Nectar Storage

P. fuscatus

P. dominulus

Mean (± SD) No. of
cells with nectar

3.9 ± 5.1

10.9 ± 8.8

0.005

Mean (± SD) % of
cells with nectar

4.6 ± 4.9

13.3 ± 6.9

0.001

a

N = 16 matched pairs of colonies.

Pa
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Table 2. Comparisons of the number of pedicels in combs of P. fuscatus and
P. dominulus.
Pedicel Number

P. fuscatus

P. dominulus

Mean (± SD) No. of
pedicels/comb

2.07 ± 1.5

7.72 ± 8.3

Mean (± SD) No. of
pedicels/cell

0.019 ± 0.012

0.026 ± 0.12

a
b

P
0.0008a
0.04b

Mann-Whitney test, N = 29 and 46 colonies, respectively.
N = 11 matched pairs of colonies.

There were significantly more gynes (P = 0.016) on P. dominulus combs
than on P. fuscatus combs when gynes were collected in early November 2003.
The mean numbers of gynes on P. dominulus and P. fuscatus combs were 3.8 ± 5.8
(N = 36 colonies) and 1.0 ± 1.9 (N = 29 colonies), respectively. However, when the
numbers of gynes on combs were adjusted for the size of the comb, i.e., the
number of cells, the difference between the two species was not significant (P =
0.78, N = 11 matched pairs).
We recorded 19 interactions between heterospecific foundresses in 12 h
of videography. All 19 interactions were initiated by the P. fuscatus foundress
and consisted of her flying or walking to the comb of the P. dominulus foundress.
In 12 of the 19 intrusions, the P. dominulus foundress successfully repelled the
P. fuscatus foundress with lunges and/or biting. In 7 of the 19 intrusions, the P.
dominulus foundress was temporarily chased from her nest. None of the four
colonies produced adult offspring although the two P. fuscatus foundresses
persisted longer on their nests in subsequent surveys than did P. dominulus
foundresses.
DISCUSSION
Since combs of P. dominulus are more likely to contain nectar (and have
larger stores of nectar) than combs of P. fuscatus, P. dominulus enjoys a potential advantage over its native congener during times when climatic conditions
prevent foraging. In the preworker phase of the colony cycle, it is not uncommon
for extensive periods of cool weather and rain to prevent foraging for several
days or longer. One would assume that during such periods it would be advantageous for wasps trapped on their nest to have access to nectar stores. In
addition to enhancing the well being of foundresses, nectar consumption at the
nest might permit wasps to forage for colony needs (wood fibers and insect prey)
rather than their own needs (nectar) immediately after favorable foraging conditions return.
Our results indicate that P. dominulus is more flexible in the positioning of
its nest than P. fuscatus. This could be an advantage in cavity nesting when a
suitable horizontal surface for the attachment of the comb is not present. Such
flexibility may also allow P. dominulus to build larger nests by taking advantage
of both horizontal and vertical surfaces in a cavity. Thus, P. dominulus may be
more opportunistic than P. fuscatus in taking advantage of more diverse nesting
situations. Armstrong and Stamp (2003) recently provided evidence that P.
dominulus is more opportunistic than P. fuscatus with respect to prey foraging.
Birds are important nest predators of Polistes wasps. Various species of
birds have been reported to knock nests to the ground and then consume the
contents of the cells (Rau 1941, Gibo 1978, Noonan 1979). Our finding that P.
dominulus combs have significantly more pedicels per comb and per cell suggests
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that combs of P. dominulus might be more securely attached to the substrate and
more difficult to dislodge by avian predators than combs of P. fuscatus. In
support of this hypothesis, we found that combs of P. dominulus were more
difficult to remove from nestboxes than combs of P. fuscatus. Our survey data
from previous years are also consistent with this hypothesis. In 1996 there were
23 colonies of P. fuscatus, but no colonies of P. dominulus, nesting on the eaves of
a large building located adjacent to our field site. In 2000, there were 27 colonies
of P. dominulus, but no P. fuscatus colonies, nesting on the same building. Thus,
P. dominulus had completely replaced P. fuscatus on the building in a span of five
years. In fact, P. dominulus had completely replaced P. fuscatus on all buildings
of the university campus within this five-year period.
The complete replacement of P. fuscatus on the eaves of buildings contrasted with the persistence of P. fuscatus in nestboxes. In 2000, 33 of 46 colonies in nestboxes, which had wire screens to exclude vertebrate predators, were
P. fuscatus colonies even though P. dominulus had begun nesting in nestboxes at
our field site in 1995. The fact that colonies of P. fuscatus on all university
buildings were completely replaced by P. dominulus within the same five year
period (but the colonies in the nestboxes were not) suggests that birds may have
been more successful in dislodging the combs of P. fuscatus than P. dominulus
from the eaves of buildings. P. dominulus may also be more successful in renesting
after avian nest predation. Gamboa et al. (2004) recently reported that P.
dominulus was significantly more likely to successfully renest after raccoon
predation than P. fuscatus.
It has been our experience over the past 23 years that gynes do not survive
the winter in nestboxes at our field site. In previous years, paint-marked gynes
who failed to leave their fall nests were found dead in their natal nestboxes the
following spring. Thus, gynes remaining on their combs late in the fall after
temperatures no longer permit flight probably perish.
Polistes dominulus has been reported to experience lower survivorship
than P. fuscatus during winter diapause (Gamboa et al. 2004). Our results
indicate that this difference in winter survivorship is probably not due to larger
proportions of P. dominulus gynes being stranded on their fall natal nests.
Finally, our videography of heterospecific interactions is consistent with
the evidence of Gamboa et al. (2002) that P. dominulus is not replacing P. fuscatus
through direct agonistic encounters. Although our sample sizes are small, P.
fuscatus was the initiator and aggressor in all of its interactions with P. dominulus.
In a related finding, Gamboa et al. (2004) documented that the vast majority of
attempted usurpations of both P. fuscatus and P. dominulus colonies were by
foundresses of P. fuscatus. Therefore, P. dominulus appears to be displacing P.
fuscatus through exploitative (indirect) competition in Michigan rather than
interference (direct) competition.
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SPRINKLER IRRIGATION AS A MANAGEMENT PRACTICE FOR
BEMISIA TABACI (HOMOPTERA: ALEYRODIDAE) IN COTTON FIELDS
Ibrahim Gencsoylu1 and Fuat Sezgin2

ABSTRACT
Field experiments were conducted in 1999 and 2000 to investigate the
effect of irrigation method on populations of Bemisia tabaci (Gennadius) and
natural enemies in cotton fields in Aydın Province, Turkey. Two irrigation methods, sprinkler and border, were studied each year. All plots were irrigated during different phenological periods including initial bloom, boll initiation, 50%
boll filling and 5-10% boll opening stages. Irrigation methods and periods significantly affected whitefly populations. Densities of B. tabaci were significantly
reduced in sprinkler-irrigated plots compared to border-irrigated plots in 2000
but not in 1999. Irrigation methods did not affect the population of natural
enemies. However, significant differences in numbers of natural enemies were
observed among irrigation periods. Natural enemies were most abundant during the second irrigation period when whiteflies were also most abundant. These
results suggest that sprinkler irrigation may be useful in cotton fields as a
management practice for whitefly without reducing natural enemy populations.
____________________
Bemisia tabaci (Gennadius), the sweetpotato whitefly, is one of the most
serious pests attacking industrial and food crops throughout Turkey. Its presence in
Turkey was first recorded in 1928. This insect became an extreme economic pest
and resulted in 20% damage to vegetable crops in İzmir Province in 1958
(Bodenheimer 1958). It later became a problem in the cotton-growing regions and
caused annual yield losses of 80% in 1975 (Sengonca 1975; Sengonca and Yurdakul
1975). No research has been conducted in recent years on the effect of whitefly
populations in cotton. However, Baspınar et al. (1998) and Gencsoylu (2001) reported that it is an economically important pest in cotton fields in Aydın Province.
Although significant advances have been made in understanding the biology, behavior and ecology of B. tabaci, pest management systems continue to rely
on insecticides in cotton-growing regions of Turkey. The same insecticide groups
including organophasphates (Pirimiphos-methyl, Phorate, Monocrotophos,
Dialifos) and synthetic pyrethroids (Cypermethrin, Delthametrin, Permethrin)
have been used since 1980 and are applied to whitefly populations 6-10 times per
season. Consequently, insecticide resistance was reported in this pest from the
Cukurova region of Turkey (Yuzbas et al. 1996). Therefore, alternative management practices are needed to reduce whitefly populations.
Integrated pest management strategies are essential for long-term strategies in cotton production. One approach in integrated management is the use of
sprinkler irrigation. Castle et al. (1996) consistently found in several experiments that densities of immature whiteflies were significantly reduced in sprinkler-irrigated cotton fields. Other researchers have documented the negative impact of rainfall on populations of whiteflies (Gameel 1977, Hennebery et al. 1995,
Hilje 1994, Riley and Wolfenbarger 1993, and Zwick 1985) and other pests
(Nakahara et al. 1985, Parihar and Name 1999, Tabashnik and Mau 1986).
1
Adnan Menderes University, Faculty of Agriculture, Department of Plant Protection,
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2
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There has been no research comparing the efficacy of different irrigation
methods for controlling B. tabaci in Turkey. The aim of this study was to investigate the use of sprinkler and border irrigation systems for management of B.
tabaci in cotton fields in Turkey.
MATERIALS AND METHODS
The experiments were conducted during the 1999 and 2000 growing seasons in cotton fields at Adnan Menderes University, Research Center of Agricultural Faculty, Aydın Province, Turkey. The cotton variety ‘Nazilli-84’, which is
well adapted to the local environment, was used during the study.
Two irrigation methods, sprinkler and border, were studied each year.
Experiments were organized into completely randomized blocks with three replicated plots. Each replicate within blocks consisted of 30 rows that were 50 m
long. Of the 30 rows, 6 were used for border and 24 were used for sprinkler
irrigation, including edge rows. Blocks were separated by 3 m to reduce the edge
effect. Four sprinkler systems with a 7.5 x 7.5 m spacing between lateral lines
and the sprinkler head were established in each sprinkler plot. Heads with
0.031-cm nozzles were used throughout. The timing of sprinkler irrigation was
manually controlled by switching the power on or off. Border irrigation is a
system where a designated volume of water is delivered to a defined border.
Water was delivered by PVC pipeline to the edge of the border, then passed
through a water counter into the border plots.
Moisture deficiency in the cotton root zone was measured gravimetrically
(Jensen 1974) and was used to determine the amount of irrigation water applied
to each plot. Moisture measurements were obtained on 14 and 27 July, 17 August
and 4 September in 1999 and on 6 and 17 July and on 1 and 22 August 2000. The
four dates in each year corresponded to the phenological periods of initial bloom,
boll initiation, 50% boll filling and 5-10% boll opening. In each irrigation period
the designated amount of water was given during a single day in the borderirrigated plots whereas it was given over the course of 4 days in the sprinklerirrigated plots. During irrigation, totals of 569 mm (5690 m3/ha) in 1999 and 798
mm (7980 m3/ha) in 2000 were applied to the border irrigated-plots whereas 506
mm (5060 m3/ha) in 1999 and 660 mm (6600 m3/ha) in 2000 were applied to the
sprinkler-irrigated plots. The time from the first to the second irrigation date was
defined as the first irrigation period; the time from the second to the third date
was the second irrigation period; and the time from the third irrigation to fourth
date was called the third irrigation period. All plots received the same fertilization and cultivation practices during the two years of the experiment. No insecticides were applied to control whitefly populations in either year.
Densities of 3rd and 4th B. tabaci nymph populations in each irrigation plot
were estimated weekly by sampling four leaves between the 5th mainstem node
and the apex of each plant (Ohnesorge and Rapp 1986). We collected 20 leaves
from 5 randomly selected plants from each replicate near the center of each plot.
A total of 180 leaves from 15 plants per each irrigation period were checked for
whitefly within each irrigation method. Nymphs were counted on whole leaves
due to low levels (Flint et al. 1995, Gencsoylu et al. 2003). Sampling was done
three times for each irrigation period. The leaves were placed in paper bags and
brought to the laboratory for examination under a stereomicroscope.
Within each replicate, 180 leaves and 90 flowers from 5 plants were visually inspected for natural enemies during each irrigation period. During the
sampling of natural enemies adults of Heteroptera, Aranea and Hymenoptera
and the eggs, larvae and adults of Neuroptera were counted.The samples of
parasitized specimens were kept in plastic containers to collect emerging parasitoids. Samples obtained were taken into the laboratory for identification and
unknowns were sent to specialists for confirmation.

2003

THE GREAT LAKES ENTOMOLOGIST

107

Data from the three sampling weeks for whitefly and natural enemy populations were combined within each irrigation period. All count data were transformed logarithmically and analyzed using the PROC MIXED (SAS 1999) procedure. A repeated measures statement with a covariance structure that defines the relationship between observations coming from the same replicate
was included. Comparisons among least square means of year, irrigation methods and irrigation period were made using contrasts when significant (P < 0.05).
F-statistics were obtained for each factor in the model.
RESULTS
In the statistical analysis of data, year (df = 1, 34, F = 61.63, P = 0.0024),
irrigation period (df = 2, 33, F = 160.84, P < 0.0001), irrigation method (df = 1, 34,
F = 68.59, P = 0.0009), and the two-way interactions between year and period
(df = 2, 32, F = 168.14, P < 0.0001), year and treatment (df = 1, 33, F = 35.09,
P = 0.0061), and treatment and period (df = 2, 32, F = 13.26, P = 0.0045) were
found to be significant. As seen in Table 1, the sprinkler-irrigation method
resulted in significantly lower mean whitefly densities compared to the borderirrigation method in 2000; however, the difference was not significant in 1999.
Whitefly populations in the sprinkler-irrigated plots were 33% lower in 1999
and 50% lower in 2000 compared to populations in the border-irrigated plots.
The means for irrigation method within the different irrigation periods
are given in Table 2. The number of whiteflies was statistically lower in sprinkler plots than in border plots within each irrigation period, except irrigation
period 3. The highest mean whitefly population density was obtained during the
second irrigation period. Whitefly populations were first observed in mid-July
and reached their peak in the first week of August.
The effect of irrigation period was different within each irrigation method
and year as seen in Table 2 and Table 3. The rank of means of irrigation periods
for whitefly changed within 1999 and 2000. Significantly fewer whiteflies were
counted in period 1 and 2 of 2000 compared to 1999 which can be attributed to
seasonal variation.
Predators and parasitoids of pest insects that were observed during the
study included: Chrysoperla carnea Steph. (Neuroptera:Chrysopidae), Orius
minutus (L.) (Heteroptera: Anthocoridae), Geocoris ater (F.) (Heteroptera:
Lygaeidae), Deraeocoris spp. (Heteroptera: Miridae), Nabis spp. (Heteroptera:
Nabidae), Aranea species, Eretmocerus mundus Mercet and Encarsia sp. (Hymenoptera: Aphelinidae).
The greatest numbers of natural enemies were observed in the orders
Heteroptera and Neuroptera. In contrast, Aranea and Hymenopteran species
were found at lower frequencies. Statistical analysis showed that there were no
Table 1. Means (±SE) number of Bemisia tabaci 3rd and 4rd instar nymphs by
irrigation method and year.
Yearb
1999
2000

Border

Irrigation Methoda
Sprinkler

133.5 ± 7.4Aa
122.1 ± 7.3Aa

100.4 ± 5.5Aa
52.9 ± 3.2Bb

a
Different capital letters indicate significant differences between years within
irrigation method.
b
Different lower case letters indicate significant differences between irrigation
methods within year.
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Table 2. Mean (±SE) number of Bemisia tabaci 3rd and 4rd instar nymphs by
irrigation method and period.
Irrigation Period b
1
2
3

Border

Irrigation Methoda
Sprinkler

180.3 ± 13.1Aa
197.6 ± 14.3Aa
58.2 ± 4.2Ba

68.3 ± 4.9Bb
130.7 ± 9.5Ab
43.3 ± 3.1Ca

a
Different capital letters indicate significant differences between irrigation periods
within irrigation method.
b
Different lower case letters indicate significant differences between irrigation
methods within irrigation period.

Table 3. Mean (±SE) number of Bemisia tabaci 3rd and 4rd instar by irrigation
period and year.
Irrigation Period b
1
2
3

1999

Year a

205.1 ± 12.2Aa
199.8 ± 11.9Aa
37.8 ± 2.2Bb

2000
60.0 ± 3.9Bb
129.3 ± 8.4Ab
66.7 ± 4.3Ba

a
Different capital letters indicate significant differences between irrigation periods
within years.
b
Different lower case letters indicate significant differences between years within
irrigation period.

effects of irrigation methods or the two-way interaction between year and irrigation periods on the population of natural enemies (df = 1, 34, F = 3.05, P = 0.13).
However, significant differences in number of natural enemies were observed
between irrigation periods for both years combined (df = 2, 34, F = 18.63, P = 0.0009)
with the greatest number (6.8 ± 1.2) being observed during the second irrigation
period and 2.8 ± 0.5 observed in both irrigation periods 1 and 3. The number of
natural enemies observed during each irrigation period differed between 1999
and 2000; the highest mean densities of natural enemies were observed during
the first and second irrigation periods in 1999 but during the second and third
irrigation periods in 2000 (Table 4).
DISCUSSION
Whitefly populations were higher in 1999 than in 2000, and were higher in
border-irrigated plots compared to sprinkler-irrigated plots. Whitefly populations were significantly reduced in sprinkler-irrigated plots compared with border-irrigated plots in 2000. These results agree with those of Castle et al. (1996)
for a series of experiments to determine whitefly infestations in both sprinkler
and furrow-irrigated cantaloupe and cotton plots in Imperial Valley, USA. They
found, consistently throughout all experiments, that densities of immature whiteflies were significantly reduced in sprinkler-irrigated plots. Tabashink and Mau
(1986) and Nakahara et al. (1985) also found that sprinkler irrigation affected
diamondback moth, Plutella xylostella (L.) infestations by severely reducing egg
deposition. Moreover, Parihar and Name (1999) found the lowest aphid, Mysus
persicae (Sulzer), densities were observed in sprinkler-irrigated tomato fields.
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Table 4. Mean number (±SE) of natural enemies by irrigation period and year.
Irrigation Period b
1
2
3

1999

Year a

5.7 ± 1.3Aa
6.0 ± 1.2Aa
1.6 ± 0.2Bb

2000
1.3 ± 0.5Bb
7.6 ± 2.1Aa
5.9 ± 1.3Aa

a
Different capital letters indicate significant differences between irrigation periods
within year.
b
Different lower case letters indicate significant differences between years within
irrigation period.

In our research the mean number of B. tabaci in sprinkler-irrigated plots
was lower in 2000 than in 1999. Higher amounts of rainfall in 2000, including
29.7 mm in June and 20.3 mm in August, likely contributed to the suppression
of whitefly populations. It is possible that the two rainfalls in 2000 did not
significantly reduce the population of whiteflies in the border-irrigated plots.
However, the combination of the two rainfalls and the four periods of sprinkler
irrigation in the sprinkler plots resulted in a significant reduction in whitefly
populations in 2000. Gameel (1977), Zalom et al. (1985), Hilje (1994), Riley and
Wolfenbarger (1993) and Henneberry et al. (1995) reported that rainfall reduced whitefly populations. Rainfall involves mechanical disturbance to leaves,
which results in less time for feeding, mating and oviposition. Byrne and von
Bretzel (1987) reported that mechanical disturbance could be highest if the
timing of sprinkler application coincided with these behaviors.
The populations of natural enemies did not differ between sprinkler- and
border-irrigated plots. No studies have been found that compared the effects of
these irrigation methods on natural enemy populations. Zwick (1985) did not
find any differences in predator populations in drip-and-furrow-irrigated cotton.
Leggett (1993) found that furrow and drip irrigation did not affect the population of Orius spp. at Eloy, or of C. carnea and spiders at Coolidge cotton fields in
Arizona. However, the densities of natural enemies varied significantly between
irrigation periods in our research. Natural enemy populations were highest
during the second irrigation period. Whitefly populations were also highest during this period. Leigh et al. (1974) found that Heteropteran species were the
most abundant natural enemies in cotton fields. In our research, Heteropteran
species were also the highest among natural enemy populations.
The present research demonstrated that sprinkler irrigation could be applied in cotton fields to reduce whitefly populations. High costs of irrigation
might be partially offset if lower whitefly populations result in fewer insecticide
applications (Castle et al. 1996). These results suggest that sprinkler irrigation
can be applied in cotton fields as a management practice for whitefly without
reducing natural enemy populations.
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STICKY EXUDATES ON THE INFLORESCENCES OF
CIRSIUM DISCOLOR (ASTERACEAE) AND PENSTEMON DIGITALIS
(SCROPHULARIACEAE) AS POSSIBLE DEFENSE AGAINST
SEED PREDATORS
Patricia A. Thomas1

ABSTRACT
From 1982 through 1987, I investigated whether sticky exudates released
by Cirsium discolor and Penstemon digitalis in their inflorescences provide defense against seed predators. I tested two hypotheses: 1: Exudates directly deter
seed predators, and 2: Insects struggling in exudates attract predatory arthropods
that remain and defend the inflorescences against seed predators. These hypotheses predict that neutralizing the stickiness will increase seed predation
(by allowing access to more seed predators, or by decreasing the number of
predatory arthropods attracted), and therefore decrease successful seed production. Results did not support either hypothesis, with no increase in seed predators (nor decrease in predatory arthropods), and no decrease in seed production,
when traps were neutralized.
____________________
As the interface between a plant and its environment, the epidermis is the
first line of plant defense. Some plants have specialized epidermal structures
(Juniper and Southwood 1986) that secrete sticky exudates (Fahn 1982,
Rodriguez et al. 1984), in which insects can become trapped. Relatively few
species produce sticky exudates in the inflorescence only. For example, in Gray’s
Manual of Botany (Fernald 1950) I found descriptions of only 68 species, divided
among 14 families, that produce exudates primarily or only in the inflorescence.
Among them are two herbaceous species indigenous to central Illinois, foxglove
penstemon (Penstemon digitalis Nutt.: Scrophulariaceae) and field thistle
(Cirsium discolor (Muhl) Spreng: Asteraceae).
The function of sticky exudates has been debated for over a century. Darwin
(1875) investigated insectivorous plants such as sundews and argued that sticky
exudates enhance insect capture, and thus plant nutrition and fitness. Kerner
(1878) thought the main function of exudates to be deterrence of creeping nectar
and pollen thieves, especially ants. Most studies of sticky exudates have focused
on their role in protecting agricultural species such as tobacco (Van der Plank and
Anderssen 1944, Thurston et al. 1966), tomatoes (Johnson 1956, Patterson et al.
1975, Rick and Tanksley 1981), and alfalfa (Johnson et al.1980) from herbivory in
general rather than in inflorescences in particular. These studies showed that
sticky exudates do act as deterrents to small herbivores, such as aphids. Before
1980, stickiness had only been shown to deter seed predators (boll weevils) in
cotton (Wannamaker 1957, Stephens 1961). Beginning in 1980, Willson et al.
(1983) investigated sticky material in the inflorescences of Cirsium flodmani and
C. discolor as defense against seed-eating insects, predicting that when stickiness
was neutralized, increased seed predation would decrease seed production. Results were somewhat inconclusive, although there was a trend towards fewer
seeds being produced by treated seedheads as predicted.
Kerner (1878) proposed an indirect method of defense by plants as ants
attracted by extrafloral nectaries remain and defend the host plants from herbivores (see also Bentley 1976, Inouye and Taylor 1979). Predatory ants can also
be attracted by and feed upon insects struggling in sticky exudates (Stradling
1
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1978), such as those on traps of carnivorous plants (Lloyd 1942). Thus, if predatory arthropods— including various species of ants, hemipterans, and spiders—
were attracted by the struggles of insects captured in sticky exudates in inflorescences, they might remain and defend the plants’ reproductive structures.
From 1982 through 1987, I tested two hypotheses regarding the putative
defensive role of sticky exudates produced by inflorescences: 1. Sticky exudates
provide direct protection by forming a barrier to access by seed predators (broadly
defined as any insect whose feeding directly damages the reproductive structures, thereby decreasing viable seed production); and 2. Sticky exudates provide indirect protection as the struggling of captured insects attracts predatory
arthropods that remain and prey on seed predators. In order for either form of
protection to be effective, seed predators must encounter and be deterred by the
sticky material (hypothesis 1), or numbers of seed predators must by reduced by
the presence of predatory arthropods (hypotheses 2). Furthermore, the hypotheses predict that if the sticky material is neutralized, then the incidence of seed
predation will increase (either because seed predators are not trapped, or predatory arthropods are not attracted), and plant reproductive success will decrease.
I tested these predictions by occluding the sticky traps of inflorescences of two
plant species, P. digitalis and C. discolor. While some work has documented
entrapment of insects on thistles (e.g., Kerner 1878, Willson et al. 1983), I could
find none relative to sticky trichomes in P. digitalis.
MATERIALS AND METHODS
Sites. My study was conducted in Trelease Grassland Research Area
(partially restored prairie) and the adjacent Phillips Tract, about 8 km NE of
Urbana, Illinois. These sites together comprise about 61 hectares of old-field,
last farmed in 1949 and 1960, respectively.
Plants. C. discolor is a short-lived monocarpic perennial thistle. It blooms
from August into October at the study area, and flowers are visited by many
species of bees, beetles, flies, butterflies and moths. An inflorescence is fully
open for about two days, then turns brown and dries as seeds develop. Seeds
ripen in three to four weeks, each with a pappus, and are wind dispersed. The
sticky traps occur along the midrib of the outer involucral bracts, and consist of
pads of specialized cells that fill with a resinous material and rupture, causing
this material to ooze onto the surface of the pads, beginning usually as the small
round buds lengthen before opening. Pads remain sticky until the seed heads
dry (Willson et al. 1983). I have counted up to 46 insects, ranging from tiny
parasitoid wasps and thrips to moderately large beetles stuck on the traps of
one flower head.
P. digitalis is a perennial that blooms for three to four weeks in spring,
with one branching inflorescence (indeterminate thryse) per ramet. I have counted
up to 138 small buds in one inflorescence, with up to 55 buds developing toward
flowering at one time. Individual flowers are protandrous, bee-pollinated, and
last for two to four days. Seeds develop slowly in capsules that open at the top
when ripe, two to three months after anthesis. Seeds are dispersed from the
open capsules as the plant is buffeted by the wind; dry capsules remain on the
stalks into the following spring. Trichomes occur throughout the inflorescence on
peduncles, pedicels, sepals, and the outer surfaces of petals, but not on seed
capsules. These trichomes secrete and retain a drop of mucilage on their heads,
and are present and sticky as soon as the first buds appear, remaining sticky
until the flowers dry and petals fall. Many small insects become trapped on
these trichomes; I have counted up to 918 insects trapped by one inflorescence
during its flowering season.
Experimental trap occlusion. C. discolor buds were marked in triplets
or pairs, matched as far as possible for size and position on the plants and in the
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field. Each year, the sticky pads of one of the two (or three) buds in a set were
occluded by painting them with green Liquid Paper® (Willson et al. 1983), with
the second serving as an untreated control. Where three buds were marked,
Liquid Paper was painted between the pads of the third bud leaving the pads
sticky as a control for any effects of the Liquid Paper. Fifteen replicate sets of
triplet buds were in Phillips Tract in 1982, and 55 in Trelease. In 1983, there
were 30 replicate pairs in Phillips Tract and 52 pairs in Trelease. In 1984, there
were 42 replicate pairs in Trelease, and Phillips Tract was not used. Each year,
seed heads were collected as they dried and were examined microscopically to
count all seeds, seed predators, and predatory arthropods.
P. digitalis inflorescences were paired for size and position in the field in
Trelease; this species was not present in Phillips Tract. The traps of one inflorescence of each pair were occluded by inserting the whole developing inflorescence into a bag containing unscented talcum powder, which coated the sticky
trichomes. If heavy rains washed off the powder, any insects trapped were removed and the inflorescences repowdered until flowering was complete. The
untreated inflorescence of each pair served as a control. There were nine replicate pairs in 1984, 36 pairs in 1985, and 15 in 1986. As the seed capsules
matured, they were collected and examined microscopically to count all seeds,
seed predators, and predatory arthropods.
Statistics. For each plant species, the numbers of seed predators, predatory arthropods, and seeds were compared for control and treated inflorescences
using Wilcoxon paired-sample tests; paired-sample tests were also used to
compare individual species of seed predators and predatory arthropods. When
distributions were normal, the t-statistic was used; signed-ranks were used for
others (Statgraphics versions 3.0 and 5.1 2003). Statgraphics reported results
as “large sample test statistic z”, along with the two-tailed probability of equaling or exceeding z. Data were analyzed for each year separately and for 3 years
combined.
RESULTS OF TRAP OCCLUSION
C. discolor. There were no significant differences in number of seed predators or predatory arthropods between the treated, control for treatment, or untreated controls, in any year or site, or with all years and sites combined (Table
1). Only in 1984, in Trelease, did the difference in total number of seed predators
approach significance (signed-ranks, P = 0.059), with more on the treated seed
heads than the controls, as predicted. In 1983, there were also slightly more
seed predators on the treated seedheads, but the reverse was true in 1982; thus
there was no consistent trend. Also, there was no difference between treated and
control seedheads in occurrence of any species of seed predator or predatory
arthropod (Table 2).
In 1982, significantly fewer seeds were produced in the Phillips Tract by
the control-for-treatment seedheads than by either treated or control seedheads
(Table 1), but this was not true in Trelease, nor in previous studies by Willson et
al. (1983). The number of seeds in treated and control seedheads did not differ
significantly from each other. Contrary to prediction, more seeds were produced
by the treated seedheads in each year and site but one (the Phillips Tract in
1983), although the difference was significant only in 1984, and for all years
combined (signed-rank tests, 1984: large sample test statistic z = 2.294, P =
0.022; all years combined: z = 2.437, P = 0.015).
P. digitalis. There were no significant differences between treated and
control inflorescences in numbers of seed predators, predatory arthropods
(theridiid spiders were the only predatory arthropods found), or number of seeds
produced in 1984, 1985, or 1986 (Table 3). However, in each year there were
more seed predators on controls, and more predatory arthropods (spiders) on
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Table 1. Cirsium discolor: Mean number (standard deviation) of seed predators,
predatory arthropods, and seeds in 1982, 1983, and 1984, with three treatments:
T = sticky exudate occluded, C = control, CT = control for treatment; P = Phillips
tract, Tr = Trelease. Wilcoxon signed-rank tests show no significant differences
between treatments in number of seed predators or predatory arthropods, and in
number of seeds only as indicated.
Seed Predators
T
C
CT
1982 P
N = 15
1982 Tr
N = 54
1983 P
N = 29
1983 Tr
N = 51
1984 Tr
N = 42
all years
N = 191

1.8
(3.8)
4.0
(6.1)
3.0
(5.3)
5.2
(11.5)
11.3
(11.2)
5.6
(9.2)

4.3
(5.1)
4.4
(6.9)
2.1
(3.0)
3.8
(7.8)
8.6
(14.7)
4.7
(8.9)

Predatory Arthropods
T
C
CT

3.8
(4.5)
4.1
(5.6)

0.47
(0.6)
0.6
(0.9)
0.6
(0.7)
0.5
(1.1)
1.7
(2.2)
0.81
(1.4)

0.8
(1.1)
0.4
(0.7)
0.8
(1.7)
0.5
(1.0)
1.4
(1.3)
0.76
(1.4)

1.0
(1.6)
0.7
(0.9)

T
81.3
(50.0)
67.7
(50.7)
10.2
(17.3)
52.8
(52.1)
89.7
(59.9)
61.5
(56.6)

Seeds
C

CT

79.4
67.1*
(49.1) (46.9)
64.7
62.8
(51.6) (55.3)
10.7
(19.7)
47.8
(46.5)
71.3**
(46.0)
53.6***
(49.7)

* Based on ranks, CT is different from T and C (z = 2.306, P = 0.021 and z = 2.197,
P = 0.028), which do not differ from each other.
** T is greater than C: z = 2.294, P = 0.022.
*** For all years combined, T is significantly greater than C: z = 2.437, P = 0.015.

treated inflorescences, both observations of which are contrary to prediction.
The difference in numbers of spiders on treated and control inflorescences was
significant only when data for all three years were combined (t = 2.36, P = 0.023).
When seed predator species were considered individually (Table 4), only Allophyla
atricornis (Meigen) (Diptera: Heliomyzidae) was more common on the controls
each year; however, this difference was again significant when all 3 years were
combined (t = 3.04, P = 0.004).
DISCUSSION
The two plants used in this study have very different reproductive strategies. C. discolor has many small flowers combined into one inflorescence, with
several inflorescences on each plant, whereas individual flowers of P. digitalis
are loosely combined into a single inflorescence on one ramet. C. discolor blooms
late in the summer; its seeds mature rapidly, each with a fluffy pappus, and are
widely dispersed by the wind. P. digitalis blooms in the spring, and seeds take
two or three months to mature, are very tiny, and are dispersed locally as they
are bounced out of their capsules by wind or other agents that move the stalks.
Individual C. discolor inflorescences may be attacked by several individuals of
more than one species of seed predator, and may be host to a variety of predatory
arthropods; an individual flower on P. digitalis is successfully attacked by only
one of its seed predators, and only one predatory arthropod was found using the
inflorescences in my study area. In spite of these major differences, both plant
species produce sticky exudates on their inflorescences.
The hypotheses that sticky exudates have a defensive role in these two
plant species in deterrence of seed predators and attraction of predatory
arthropods were not supported by the results of the experiments. The prediction

T

C

CT

C
0

C

0.24 0.27
(0.55) (0.75)
0.08 0.08
(0.34) (0.27)
0.22 0.18
(0.52) (2.15)

5.0
3.5
(11.5) (7.8)
0.24 0.39
(0.43) (0.60)

0

T

1983Tr,
51 pairs
C

0.14 0.29
(0.35) (0.51)
0.02 0.12
(0.15) (0.33)
1.38 1.17
(1.12) (1.22)

0.12 0.10
(0.40) (0.37)
10.9
8.4
(11.1) (14.4)
0.29 0.12
(0.46) (0.33)

T

1984 Tr,
42 pairs

T

C

All,
191 pairs

0.21 0.15
(0.48) (0.49)
0.09 0.13
(0.30) (0.40)
0.50 0.46
(0.90)

0.08 0.04
(0.29) (0.21)
5.3
4.5
(9.3) (8.9)
0.22 0.26
(0.42) (0.44)

Seed predators included Homeosoma stypticellum Grote (Lepidoptera: Pyralidae), Feltia tricosa Lintner (Lepidoptera:
Noctuidae), Feltia sp., and Lobesia carduana (Busck) (Lepidoptera: Tortricidae).
b
Predatory arthropods included Orius insidiosus (Say) (Hemiptera: Anthocoridae), a salticid spider and a maggot.

0.34 0.27
(0.77) (0.70)
0.03 0.03
(0.19) (0.19)
0.31 0.62
(1.27) (0.54)

0.17 0.03
(0.38) (0.19)
2.8
1.9
(5.3) (3.1)
0.07 0.21
(0.26) (0.41)

T

1983 P,
29 pairs
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a

0.13
0
0.13
(0.34)
(0.48)
0.17 0.20 0.22
(0.38) (0.53) (0.46)
0.33 0.17 0.31
(0.42) (0.58) (0.60)

CT

Predatory arthropods
Orius
0.33 0.27 0.33
insidiosus
(0.62) (0.59) (1.04)
Salticid spider
0.13 0.40 0.33
(0.35) (0.63) (0.49)
Maggot
0
0.20 0.40
(0.41) (0.51) (0.67)

C

1982 Tr, 54 triplets

0.09 0.06 0.13
(0.29) (0.23) (0.34)
3.7
4.0
4.0
(6.0) (5.5) (6.8)
0.20 0.26 0.26
(0.41) (0.44) (0.44)

T

1982 P, 15 triplets

0.07
0
0.13
(0.26)
(0.35)
1.5
3.4
3.4
(3.9) (3.7) (4.6)
0.33 0.60 0.27
(0.49) (0.51) (0.46)

Seed predators
Homeosoma
stypticellum
Feltia tricosa &
F. sp.
Lobesia
carduana

Treatment

Site, year, #

Table 2. Cirsium discolor: Mean number (standard deviation) of species of seed predatorsa and predatory arthropodsb in 1982, 1983, and
1984, and all years and sites combined. P = Phillips Tract, Tr = Trelease Research Area; T = sticky material occluded with Liquid
Paper®, C = controls, CT = control for treatment. Wilcoxon paired-sample tests showed no significant differences between treatments
for any seed predator or predatory arthropod for any year or site, or all 3 years combined.
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39.3
19.5
31.3
28.7

(11.9)
(9.3)
(12.5)
(13.7)

41.9
23.7
34.5
32.7

(19.4)
(10.8)
(11.5)
(15.0)

C (sd)

*normal distribution, paired samples, t = 2.36, P = 0.023.

1984, 9 pairs
1985, 16 pairs
1986, 15 pairs
3 years, 40 pairs

T (sd)

Seed predators

0.33
0.44
0.47
0.43

(0.50)
(0.89)
(0.64)
(0.71)

T (sd)
0.11
0.13
0.27
0.18

(0.33)
(0.34)
(0.21)
(0.38)*

C (sd)

Spiders

1110.5
2587.4
2073.3
2064.5

T (sd)
(804.3)
(2061.3)
(1386.3)
(1661.6)

Seeds

1225.3
2448.0
2178.3
2071.7

C (sd)
(895.3)
(1990.0)
(1190.6)
(1557.0)

Table 3. Mean number of seeds predators, spiders, and seeds (sd = standard deviation) for Penstemon digitalis in 1984, 1985, and 1986,
and all three years combined. T = sticky material occluded by unscented talcum powder; C = controls. There are no significant differences between treatments in number of seed predators, spiders, or number of seeds produced for any year or for 3-year totals, except
for the 3-year spider means. (Wilcoxon paired-sample tests, signed ranks)
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34.3
(8.6)
15.9
(8.7)
24.1
(11.2)
23.1
(11.8)

35.5
(17.2)
22.2
(11.3)
30.2
(10.5)
28.2*
(13.3)

C

2.5 (2.2)

2.5 (2.4)

3.1 (2.3)

1.9 (2.6)

4.0
(1.7)
1.3
(1.3)
2.7 (2.6)

C

2.8 (1.9)

T

Phytomyza sp.

2.3
(3.2)

3.5 (4.2)

1.9 (2.6)

0.8 (1.3)

T

1.5 (2.3)

1.5 (2.1)

1.8 (2.5)

1.1 (2.3)

C

Pyrrhia umbra

0.8 (1.7)

1.4
(3.1)
0.44
(0.9)
0.7 (1.0)

T

0.44
(1.0)
1.5
(1.9)
1.0 (1.8)

1.2 (2.6)

C

Endothenia hebesana
& Hysterosia lavana

a

Individual seed predators included Allophyla atricornis (Meigen) (Diptera: Heliomyzidae), Phytomyza sp. (Diptera: Agromyzidae),
Pyrrhia umbra Hufnagel (Lepidoptera: Noctuidae), Endothenia hebesana (Walker) (Lepidoptera Torticidae), and Hysterosia lavana
Busck (Lepidoptera: Cochylidae).
*Significant difference between A. atricornis C and T at P = 0.004, t-test, normal distribution.

1984
9 prs
1985
16 prs
1986
15 prs
all years
40 prs

T

Allophyla atricornis

Table 4. Penstemon digitalis: Mean numbers (standard deviation) of individual seed predators.a T = sticky material occluded with
unscented talcum powder, C = controls, prs = matched pairs. Only A. atricornis showed normal distribution; Wilcoxon signed-rank tests
for all others showed no significant differences between treatments.
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that occluding the exudates would increase seed predation and thereby decrease
seed production, did not occur. In C. discolor there was no consistent increase in
seed predators, either of species individually or all together, when sticky traps
were occluded. This is understandable considering that Paracantha culta
(Wiedemann) (Diptera: Tephritidae), a major predator of buds and seeds, oviposits before the buds are sticky, and Homeosoma stypticellum Grote (Lepidoptera: Pyralidae) and Feltia sp.(Lepidoptera: Noctuidae) oviposit among the
florets, thereby avoiding the traps. Nor was there a consistent decrease in predatory arthropods on the trap-occluded inflorescences—except for the small salticid
spider in 2 out of 3 years. This spider apparently gleans prey from the traps, but
does not affect seed predation; there was no evidence that it ate any seed predators with the possible exception of Lobesia carduana (Busck) (Lepidoptera:
Tortricidae), whose caterpillar bores into the base of the inflorescence. The larger
sit-and-wait predators on the florets were more likely to prey on diurnal pollinators (bees, butterflies) than on nocturnal ovipositors, and did not feed on the
seed predators within the inflorescences; thus even if the struggling trapped
insects did attract them, their presence would be unlikely to benefit seed production. In fact, in all but one year and site, more seeds were produced by the
trap-occluded inflorescences, contrary to the prediction. However, the difference
was significant only in 1984, and when data for three years were combined.
In P. digitalis, more seed predators occurred on the untreated controls,
contrary to the prediction. One seed predator in particular, A. atricornis, occurred more often on the control inflorescences each year, though the difference
was significant only when data for the three years were combined. In spite of
increased seed predation on the controls, trap occlusion had no effect on number
of seeds they produced. It is possible that more of the undeveloped buds in
inflorescences matured and produced seeds, as seed predation occurred on earlier flowers, but I did not test this. Also, the one predator (a theridiid spider)
found in the inflorescences was more abundant when the sticky material was
occluded, again contrary to the prediction. Moreover, its presence had no effect
on either the number of seed predators, or the number of seeds produced by an
inflorescence.
Observations showed that all of the major seed predators on both plants,
with the exception of A. atricornis on P. digitalis, avoided the traps temporally,
behaviorally, or were excluded by size, and all oviposited where their larvae would
not encounter the traps. Although A. atricornis oviposits into the buds when the
trichomes are very sticky, grooming between oviposition bouts seems to prevent
entrapment. If the sticky traps of these two plant species evolved to deter seed
predation, then seed predators have coevolved, and remain a step ahead.
A great deal of work has been done on the structure, physiology, and chemistry of plant trichomes and their sticky exudates (Rodriguez et al. 1984), but I
was not able to find a reference to these two plant species. In the lab, fruit flies
(Drosophila melanogaster) were attracted to P. digitalis flowers, and after encountering and escaping from trichomes they staggered, fell over, and were
unable to fly leading me to think the trichomes might be producing a toxic
attractant along with the mucilage. However, when affected flies were examined
microscopically, small globs of sticky material were evident on their legs, bodies, and wings. When this was carefully removed with slightly saline water, they
recovered fully.
Two other suggestions have been made as to the function of sticky traps in
inflorescences. Darwin thought plants might obtain nutrients from trapped insects, increasing reproductive success (1875). Eisner and Aneshansly (1983)
suggested that trapped insects might be washed off sticky plants by rain, and
then decay in the soil, thereby supplying nutrients to the plants. This hypothesis may be tenable for P. digitalis, the sticky material of which is a watersoluble mucilage that does wash off in rain along with any trapped insects.
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Petals may also abscise with trapped insects; as a perennial, the plant may benefit
from nutrients released over time as these insects decompose. However, C. discolor’s
sticky material is resinous, and is not water soluble. Moreover, the plant dies as the
seeds disperse; thus neither that plant nor its progeny would likely benefit from
subsequent decomposition of insects at the base of the parent plant.
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SIMULTANEOUS PARASITISM OF FIELD-COLLECTED
GREEN CLOVERWORM, HYPENA SCABRA
(LEPIDOPTERA: NOCTUIDAE) LARVAE BY ENDOPARASITIOIDS
AND AN ENTOMOPATHOGENIC FUNGUS
Daniel M. Pavuk1 and Charles E. Williams 2

ABSTRACT
The impacts of entomopathogens (e.g., fungi, bacteria, protists and viruses) on larval Lepidoptera and their associated insect parasitoids have been
examined in laboratory studies but field studies of interaction between these
two mortality factors are rare. We present field observations of concurrent insect parasitism and fungal disease infection in larvae of the green cloverworm,
Hypena scabra, a sporadic pest of soybean (Glycine max) in North America. We
reared ten parasitoid species from H. scabra larvae during our three-month
study. Three parasitoid species were dominant and overlapped the period of
infection by the entomopathogenic fungus Nomuraea rileyi: Aleiodes nolophanae,
Cotesia plathypenae and Campylochaeta plathypenae. Two of the three parasitoid species, Co. plathypenae and Ca. plathypenae, completed development within
H. scabra larvae infected by N. rileyi. Overall incidence of simultaneous parasitism and fungal infection was low, averaging 6.7% of H. scabra larvae parasitized
by Ca. plathypenae and 3.3% of those parasitized by Co. plathypenae.
____________________
Interactions among insects and their natural enemies, particularly
entomopathogens and insect parasitoids, are diverse and complex, and in many
cases, not well understood. This complexity is especially apparent when
entomopathogen and parasitoid simultaneously utilize a host insect: often both
parasitoid and host suffer adversely from pathogen infection (Steinhaus 1954,
Jaques and Morris 1981, Brooks 1993). Brooks (1993) noted that
entomopathogens can impact parasitoids by making hosts ovipositionally unattractive, by infecting the parasitoid as well as the host, by producing toxic
factors that kill parasitoids, by lowering the nutritional quality of the host, or by
killing the host before the parasitoid has completed its development. Parasitoids infected by entomopathogens present in the shared host may die as larvae
or suffer various sublethal and lethal effects as adults, such as malformations,
reduced adult life span, and reduced fecundity (Brooks 1993).
A rich assemblage of insect parasitoids and entomopathogens, including
bacteria, fungi, protists and viruses, attack larval Lepidoptera. Laboratory
studies have examined the diverse effects of entomopathogens on host larvae
and their associated parasitoids in various detail. Especially well studied are
the interactions of entomopathogenic fungi with parasitoids. King and Bell
(1978) examined the interactions between Microplitis croceipes (Cresson) (Hymenoptera: Braconidae), a parasitoid of Helicoverpa (= Heliothis) zea (Boddie)
(commonly known as both the corn earworm and cotton bollworm), and the
entomopathogenic fungus, Nomuraea rileyi (Farlow) Sampson, in laboratoryreared larvae. Helicoverpa zea larvae parasitized by M. croceipes were more
likely to be infected by N. rileyi; however, the fungus impaired development of M.
croceipes larvae if host larvae were infected within 1 day after being parasitized
(King and Bell 1978). In a similar study, Furlong and Pell (2000) investigated
1
Department of Biological Sciences, Bowling Green State University, Bowling
Green, OH 43403-0212.
2
Department of Biology, Clarion University of Pennsylvania, Clarion, PA 16214-1232.
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the effects of Zoophthora radicans (Brefeld) (Zygomycetes: Entomophthorales)
on the diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae) and
two of its larval parasitoids, Diadegma semiclausum Hellen (Hymenoptera:
Ichneumonidae) and Cotesia plutellae Kurdjumov (Hymenoptera: Braconidae).
They showed that the longer the period between parasitization of diamondback
moth larvae by the parasitoids and infection by the fungus, the greater the yield
of parasitoid cocoons.
Perhaps as a response to potential adverse effects of entomopathogens,
some parasitoids possess discriminatory behaviors that enable them to distinguish between infected and noninfected hosts (Versoi and Yendol 1982), while
others may avoid pathogens temporally, completing their development when
host infection by pathogens is low or nonexistent. Pathogens may also deplete
host populations so that parasitoids are unable to locate hosts for oviposition,
thereby leading to declines in parasitoid populations on local and regional scales.
Parasitoid populations are more directly affected when large-scale epizootics
destroy hosts that are parasitized, with the resulting death of the immature
parasitoids (Brooks 1993). However, in some cases parasitoids appear to persist even when severe epizootics occur in their host populations (Brooks 1993).
It is important to note that not all parasitoid-entomopathogen interactions
result in adverse effects on parasitoids. Synergism between Cotesia (= Apanteles)
melanoscelus (Ratzeburg), a parasitoid of the gypsy moth, Lymantria dispar (L.)
(Lepidoptera: Lymantriidae), and the entomopathogen Bacillus thuringiensis Berliner, has been demonstrated in both the field and laboratory (Weseloh and
Andreadis 1982, Weseloh et al. 1983). In this instance, infection of L. dispar
larvae resulted in depressed larval growth rates, which in turn provided the parasitoids with hosts of a suitable size (i.e., 2nd and 3rd instars) for a longer period of
time. The prolonged larval growth period produced increases in percent parasitism of caterpillars by C. melanoscelus and corresponding greater mortality of
gypsy moth larvae (Weseloh and Andreadis 1982, Weseloh et al. 1983).
Much of the work on parasitoid-pathogen-host interactions has been laboratory-based and field observations are few. From the perspective of biological
control of herbivorous pest insects, it is essential to identify actual and potential antagonisms between entomopathogens and insect parasitoids in order to
maximize the effectiveness of biological control efforts.
We present the first observations of simultaneous insect parasitism and
fungal disease infection in field-collected larvae of the green cloverworm, Hypena
scabra (F.). The larval stage of H. scabra is a sporadic pest of soybean (Glycine max
[L.]) in North America. This species does not appear to over-winter north of 41°N
latitude but it migrates annually into this region each spring (Pedigo et al. 1973). In
warm southeastern regions, breeding is essentially continuous year-round; typically only one or two generations of H. scabra occur in northern soybean-growing
regions (Pedigo et al. 1973). Hypena scabra supports a parasitoid-entomopathogen
complex consisting of over 10 species of parasitoids and the fungus N. rileyi (Pavuk
and Barrett 1993, Williams et al. 1995). Nomuraea rileyi, sometimes referred to as
the green mustardine fungus, is an entomopathogenic fungus that utilizes the larvae of lepidopteran species as hosts, including those species that are pests of soybean (Carruthers and Soper 1987). Caterpillars infected with N. rileyi become
mummified and covered by a white mycelial mat. Conidiophores are produced on
the mycelia and chains of ovoid conidia form; these vary from a yellow-green to bluegreen in color (Boucias and Pendland 1998). When these conidia contact susceptible host caterpillar cuticle, attachment occurs, the conidia germinate, and germ
tubes are produced, and hyphae penetrate the cuticle via proteases and chitanases
(Boucias and Pendland 1998). Hyphal bodies of N. rileyi replicate within the hemocoel by budding and septation, and death due to infection of larvae by this fungus
usually occurs 5-7 days after contact with infectious conidia. Only young larvae
are infected by N. rileyi; last instar larvae, eggs, pupae, and adults are not
usually infected by this fungus (Boucias and Pendland 1998).
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MATERIALS AND METHODS
Our observations were made during a larger study of intercropping effects
on H. scabra natural enemies conducted at the Miami University Ecology Research Center (Butler County, southwestern Ohio) from 27 July to 14 September
1990 (Williams et al. 1995). The objective of the study was to evaluate the effect
of the larval endoparasitoid-Nomuraea rileyi complex on larval H. scabra populations in soybean monocultures and in soybean-sorghum strip cropping systems
which varied by sorghum plant height and row pattern. Study plots, each 0.45 ha
in area, were used to address this objective. Twelve experimental plots were
established; four of these were soybean monocultures assigned randomly. The
remaining eight plots had four different treatment combinations assigned randomly, with each treatment being replicated twice. The four treatments consisted
of two different sorghum varieties (dwarf and tall) and two row patterns of sorghum and soybean (2 rows of sorghum alternating with 10 rows of soybean, and 6
rows of sorghum alternating with 6 rows of soybean). The possible combinations
of these two factors were dwarf sorghum planted in two- and six-row combinations, and tall sorghum planted in two- and six-row patterns, for a total of four
treatments. The treatments provided different levels of structural and taxonomic
diversity; and allowed the testing of two major hypotheses. Soybean monocultures would be expected to be found and colonized more rapidly by H. scabra than
cropping systems that included sorghum, or natural enemies would not be as
effective in the monoculture, or both, resulting in this cropping system having the
largest numbers of H. scabra larvae (Hypothesis 1). The monoculture treatment
would exhibit the greatest plant apparency and also may lack some important
requirements for the occurrence and effectiveness of natural enemies. Conversely,
the tall sorghum planted in the six row pattern would be predicted to have the
smallest H. scabra populations because of the greatest structural and taxonomic
diversity; these characteristics would make the soybean plants more difficult to
find and colonize, or enhance natural enemy activity, or both (Hypothesis 2).
Soybeans (variety ‘Williams 82’) and tall and dwarf sorghum varieties were
planted using no-till methods on 1-3 June 1990. Row-spacing for both crops was
76 cm (30 in). Fertilizer (390 kg [AI]/ha urate of potash and diammonium phosphate) was applied to the plots immediately after planting. Herbicides were also
applied to control weed populations. Basagran (BASF, Parsippany, NJ) was
applied postemergence to all plots on 18 June at a rate of 0.95 kg [AI]/ha to control
broadleaf weeds and sedges; Poast (BASF) was applied at a rate of 0.18 kg [AI]/ha
on 25 June to soybean monocultures and soybean strips to control grass species;
and Blazer (BASF) was applied at a rate of 0.24 kg [AI]/ha to soybean monocultures and soybean strips to control populations of broadleaf weeds, particularly
ragweed species. Hand-pulling and cultivation were also employed to remove
weeds from sorghum strips on a regular basis.
Larvae of H. scabra were randomly sampled from soybean plants using a
ground cloth (Rudd and Jensen 1977) each week in the experimental plots from
27 July through 14 September for a total of eight samples. The ground cloth, 1m in length, was positioned between two soybean rows, and the plants from both
rows were shaken onto the cloth for ≈ 30 s. All H. scabra dislodged from the
plants were counted and placed in plastic storage bags for transport to the
laboratory. Five randomly selected soybean strips in each strip cropped treatment were chosen for sampling, and five randomly selected locations within
each of these strips were sampled using the ground cloth. This provided a total
of 25 samples per strip crop replicate on each sampling date. A random walk
technique was used to choose sampling locations within soybean monocultures;
15 samples were taken from each monoculture on each sampling date.
Collected H. scabra larvae were maintained in individual, resealable plastic bags and fed surface-sterilized (0.5% sodium hypochlorite) leaflets from
field-grown soybeans. Surface sterilization eliminated fungal spores, especially

2003

THE GREAT LAKES ENTOMOLOGIST

125

those of N. rileyi, that could have caused erroneous conclusions (Daigle et al. 1988,
Pavuk and Barrett 1993). Rearing bags were cleaned and soybean leaflets were
replaced every 2 d. All larvae were maintained in controlled temperature chambers at 27ºC and a photoperiod of 14L:10D. Larvae were examined every 2 d for
emergence of parasitoids, evidence of infection by N. rileyi, or pupation. Larval
mortality rates were calculated by dividing the number of larvae dying from a
specific cause by the number of larvae collected (Van Driesche 1983). Parasitoids
emerging from larvae were sent to the appropriate specialists at the U.S. Department of Agriculture, Systematic Entomology Laboratory, Taxonomic Services Unit,
ARS, Beltsville, MD., for identification to species. Larvae that succumbed to
infection by N. rileyi were diagnosed by the appearance of yellow-green or bluegreen spores on the surface of larval cadavers (Boucias and Pendland, 1998).
RESULTS AND DISCUSSION
We reared a total of ten parasitoid species from H. scabra larvae during
the study (Table 1). Three species were dominant and overlapped the period of
infection by N. rileyi: A. nolophanae, Co. plathypenae and Ca. plathypenae (Fig. 1).
The data in Figure 1 represent a pooling of the results from Williams et al.
(1995); the total numbers of H. scabra larvae parasitized by larval
endoparasitoids and the fungus are depicted in the figure without indication of
the different experimental treatments, i.e., soybean monoculture and soybeansorghum strip treatment plots. Appearance of fungal-infected larvae did not
take place until late July or early August in the experimental plots (Williams et
al. 1995). All three species declined in abundance when incidence of N. rileyi
infection rose in H. scabra larvae, but the decline was more abrupt and occurred
earlier for A. nolophanae and Co. plathypenae than for Ca. plathypena (Williams
et al. 1995). Of the three parasitoids, Ca. plathypenae exhibited the greatest
overlap in occurrence with N. rileyi. All parasitoids that did emerge from N.
rileyi-infected larvae did so within 3-4 days of host death.
Two of the three parasitoid species, Co. plathypenae and Ca. plathypenae,
completed larval development within field-collected H. scabra larvae infected
by N. rileyi. All parasitoids that did emerge from N. rileyi-infected larvae did so
within 3-4 days of host death. Cocoons of Co. plathypenae were recovered from
infected H. scabra larvae on two occasions (10 and 31 August sample dates) but
no viable adult parasitoids emerged from them. Puparia of Ca. plathypenae
were recovered from nine N. rileyi infected H. scabra larvae collected on three
sample dates (24 August, 7 and 14 September) with five puparia (55.6%) producing live adults. The overall incidence of simultaneous parasitism and fungal
infection was low, averaging 6.7% of H. scabra larvae parasitized by Ca.
plathypenae (N = 135 larvae) and 3.3% of those parasitized by Co. plathypenae
(N = 60 larvae). No instance of simultaneous fungal infection and parasitism by
A. nolophanae was observed in field-collected H. scabra larvae. We recognize
that some parasitoids may have succumbed to N. rileyi and would not have
emerged from reared larvae and so our observations should be viewed as a
conservative estimate of the degree of simultaneous fungal infection and insect
parasitism in H. scabra. However, Boucias and& Pendland (1998) point out in
their description of the biology of N. rileyi that this entomopathogenic fungus,
unlike Beauveria bassiana, does not produce appreciable amounts of in vivo
toxic metabolites during the time the fungus is developing vegetatively as hyphal bodies within the host hemolymph. Evidence for this was demonstrated by
injecting cell-free hemolymph from infected Spodoptera exigua (Hubner) (Lepidoptera: Noctuidae) larvae into naïve larvae of the same species. The injected
larvae did not suffer severe toxic effects from the injected hemolymph (Boucias
and Pendland 1998). Therefore, perhaps at least some endoparasitoid larvae
are able to complete development in H. scabra larvae infected by N. rileyi because this fungus does not produce appreciable amounts of toxins during the
hyphal body stage of the life cycle (Boucias and Pendland 1998).
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Table 1. Endoparasitoids Reared from Hypena scabra Larvae.
Species

Number of
Parasitoids
Reared

Percent of Larvae
Parasitized by Each
Species (n = 1522)

Hymenoptera: Braconidae
Aleiodes nolophanae (Ashmead)
Cotesia plathypenae (Muesebeck)
Cotesia marginiventris (Cresson)
Diolcogaster facestosa (Weed)
Austrozele uniformis (Provancher)

100
58
26
15
2

6.6
3.8
1.7
1.0
0.13

Hymenoptera: Ichneumonidae
Sinophorus teratis (Weed)
Charops annulipes Ashmead
Venturia nigriscapus (Viereck)

53
2
2

3.5
0.13
0.13

Diptera: Tachinidae
Campylochaeta plathypenae (Sabrosky) 134
Winthemia sp. nr. Sinuata
3
Unknown Tachinidae
27

8.8
0.20
1.8

Figure 1. Incidence of insect parasitism and infection by the fungal pathogen Nomuraea
rileyi in field-collected larvae of Hypena scabra from July to September 1990.
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Thorvilson et al. (1985) noted decreased incidence of A. nolophanae during
epizootics of N. rileyi in H. scabra populations, and speculated that reduced
parasitism may be due to lowered host numbers, discrimination by the parasitoid, or antagonistic development between the pathogen and parasitoid. In our
study, abundance of H. scabra larvae peaked from 3 to 10 August and declined
gradually thereafter (Williams et al. 1995). Prevalence of A. nolophanae and Co.
plathypenae parasitism during the early sample dates suggests that these parasitoids may restrict their activity to periods of greater host abundance, and in so
doing, may inadvertently avoid overlap with N. rileyi. In contrast, Ca. plathypenae
was most abundant later in the season when H. scabra populations were in
decline and the incidence of N. rileyi infection was rising. Thus, the probability
of encountering a host infected by N. rileyi would be greater for Ca. plathypenae
than for A. nolophanae and Co. plathypenae, explaining in part the more frequent co-occurrence of N. rileyi and Ca. plathypenae in H. scabra larvae.
Results of this study indicate that there are at least a small number of
parasitoids that are able to complete development within H. scabra larvae that
are also infected by N. rileyi. Whether or not the proportion of larvae simultaneously parasitized by endoparasitoids and infected by an entomopathogenic
fungus that also have parasitoids surviving successfully to the adult stage is
large enough to have a significant impact on the ultimate numbers of adult
parasitoids, and consequently the number of H. scabra larvae attacked by these
parasitoids, remains to be determined. Detailed studies are needed to assess
how discrimination of infected hosts by parasitoids, differential development of
N. rileyi and parasitoids within the host, and (or) other factors in conjunction
with phenology, may affect the balance of the parasitoid-entomopathogen complex of H. scabra and the population dynamics of this host.
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BIOLOGY OF DIASTROPHUS NEBULOSUS
(HYMENOPTERA: CYNIPIDAE) AND ITS PARASITOID/INQUILINE
COMPLEX IN GALLS ON RUBUS FLAGELLARIS (ROSACEAE)
H. C. Gordinier1

ABSTRACT
Rubus flagellaris patches occasionally harbor colonies of compound stemgalls initiated by the cynipid, Diastrophus nebulosus. These isolated colonies
host a parasitoid/inquiline complex made up of five principal and three incidental chalcidoid species and one cynipid inquiline. Over 1-2 seasons, parasitoid/
inquiline infestation reduced primary host populations to lows of 2-0% in some
colonies. Despite heavy parasitism in most colonies, dispersal of D. nebulosus
out of infested colonies resulted in a survival rate of 22%. Among parasitoids, a
new species, Eurytoma rubrigalla, was revealed along with new records for
Eupelmella vesicularis and an unidentified Habrocytus species. Immature stages
and life histories of D. nebulosus and members of its parasitoid/inquiline complex are illustrated and described with notes on gall genesis and development.
Courtship and mating is summarized for Eurytoma diastrophi and arrhenotoky
is here first reported for a Nearctic species in Diastrophus.
____________________
Hartig (1840) erected the genus Diastrophus around the Palearctic
monotype, D. rubi (= Cynips rubi Bouche). Seventy years later, Beutenmuller
(1909) redescribed the 10 then recognized Nearctic species, summarized their
ranges and host plants and figured their galls. The species is included in regional listings of various galls and host plants (Cook 1910, Winterringer 1961).
Another 65 years passed before any biological investigations were made into
two of the presently recognized 14 species (Burks 1979d); these include Matthews’
(1975) account of courtship and mating for Diastrophus nebulosus (Osten Sacken),
and the first comprehensive biology for a member of the genus published by
Wangberg (1975, 1976) on D. kincaidii Gillette. Further work on D. kincaidii
was done by Jones (1983) and Kraft and Erbisch (1990), the latter authors
extending its former range from the far northwest to Michigan’s Upper Peninsula. Their report, in conjunction with my comparative data, suggests D. kincaidii
to be the most abundant of Diastrophus spp. on Rubus. This is the first comprehensive study of the biology of D. nebulosus and its gall complex.
Diastrophus spp. produce galls on Rubus, Fragaria, Potentilla, and possibly on Smilax (Weld 1959). Diastrophus nebulosus initiates stem galls on Rubus
flagellaris (= villosus) (Beutenmuller 1909) and is therefore the primary host; its
numbers are reduced by both the entomophagous ectoparasitoid complex and
the phytophagous inquiline, Synophromorpha sylvestris Osten Sacken
(Cynipidae) (Fig. 1). Principal chalcidoid parasitoids are Eurytoma diastrophi
Walsh, E. rubrigalla Bugbee (Eurytomidae), Ormyrus labotus Walker
(Ormyridae), Torymus flavicoxa (Osten Sacken) (Torymidae) and Habrocytus sp.
A (Pteromalidae). The three incidental chalcidoids include Tenuipetiolus ruber
Bugbee (Eurytomidae), Torymus advenus (Osten Sacken) and previously unreported Eupelmella vesicularis (Retzius) (Eupelmidae). The role of the single
unidentified ichneumonid (near Orthopelma) remains unknown. Another D.
nebulosus parasitoid reported in Krombein et al. (1979) but not found in the
present study is Torymus fagopirum (Provancher). With the exception of the
inquiline, these parasitoids are also found in congeneric and noncongeneric
1
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Figure 1. The resource web in the Diastrophus nebulosus gall complex. Solid lines =
frequent observations. Dashed lines = 4 or fewer observations. Turned-in dashed lines
= autoparasitism. The sinuous line = indirect destruction of the host by the inquiline.

galls; literature review, synonymies and other hosts for the chalcidoid species
discussed are surveyed in Krombein et al. (1979).
Nearctic R. flagellaris ranges from southern Ontario and Quebec, south to
Florida and west to Colorado and New Mexico (Beutenmuller 1909, Fernald
1950, Bugbee 1967). Voss (1985) reports that R. flagellaris occurs essentially
throughout Michigan, but I have found galliferous plants only in the southern
Lower Peninsula. In this study, R. flagellaris appeared most often in the more
acidic soils associated with Quercus spp.
MATERIALS AND METHODS
Most study material and data were gathered in Macomb and Oakland
Counties in southeastern Michigan, beginning in winter of 1965-66 through
winter of 1969 (Table 1). A few galls were later taken in Pennsylvania and
Virginia for comparative host/predator data. Random collections of roughly 109
galls yielded many hundreds of gall inhabitants through rearing and dissection.
Study material was represented by 13 series from seven noncontiguous R.
flagellaris patches. Study areas were separated by 3-20 km. Loss of autumn
foliage facilitated gall collection. Some galliferous plants were transplanted to
my yard yielding natural emergences, oviposition sequences (Fig. 2) and gall
development data. Six others were potted and caged in the laboratory (Gordinier
1977) to allow study of adult host/predator dynamics and the selective introduction of adult predators. Summer gall collections were kept fresh by immersing
their stems in water. Dissection was accomplished with a No.16 Exacto blade
and larvae removed with a No.1 sable brush. Late instar larvae were placed in
10 × 40 mm stoppered vials to prevent desiccation and then into 10 cm moviefilm cans to eliminate light. These were then kept outdoors or refrigerated to
facilitate diapause and later reared to adults at room temperature. One calendar year was required to identify species and to relate immatures to adults.
Gall dissections in all stages of development elucidated morphologies, life histories and larval host/predator dynamics. Parasitoids were often found feeding
on their hosts. Mandibles embedded in dried exuvial pellets were separated by
soaking in alcohol yielding one, or in the case of hyperparasites, two or more
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Table 1. Field sites and collection records.
Site Name

Location
(Long./Lat.)

Collection
Dates

No. Galls
Collected

MACOMB CO.
Dodge Bros. St. Pk. #8

T2N:R12E:S14

30 Dec
Dec
Jan
10 Feb

1965
1966
1968
1969

5
25
14
9

Fraser Village
Utica Rd.

T1N:R12E:S1
T2N:R12E:S14

26 Feb
22 May
11 May

1966
1966
1968

4
2
8

Jan to Feb 1968

13

Plumbrook Golf Cs.
(fence row)
Warren Twp.
(Gloede Rd.)
OAKLAND CO.
Troy (old field)
Stony Crk. Mtrpk.

T2N:R12E:S23
T1N:R12E:S12

Dec
15 Dec

1967
1968

13
5

T2N:R11E:S3
T3N:R12E:S5

Oct
9 Apr

1967
1966

5
6

Figure 2. Emergence and flight periods of Diastrophus nebulosus gall inhabitants.
Second brood emergences and ovipositions begin at hatched lines. Predators emerge
sequentially, perhaps for optimal host competition. Regional and climatic variables
will offset specific dates.

sets. Mandibles were often found adhering to the viscous integuments of parasitoid larvae or to chamber walls. Species’ measurements were taken through
normal body arcuations and all specimens were examined at 40× from which
figures were subsequently made by the author (Gordinier 1967). Pertinent material was cataloged and labeled; a number of slide preparations were made.
Representative series of insects discussed are in the author’s collection.
Plant nomenclature generally follows that of Bailey (1941-1945), Billington
(1949) and Fernald (1950).
Predator is a term herein used collectively for parasitoids and inquilines.

132

THE GREAT LAKES ENTOMOLOGIST

Vol. 36, Nos. 3 & 4

Due to extensive parasitism and oophagy within the gall, original species
diversity was obscured. Therefore, the term “gall inhabitants” refers to the
recording of any stage of a gall species through dissection, rearing or natural
emergence.
RESULTS AND DISCUSSION
Gall genesis and development. Blackberry knot-galls are morphologically variable, roughly obovate to oblongate, averaging 35-50 mm in length by
20-30 mm in diameter and may bear typical stem prickles. Matured ovate
chambers measure 1.5-3.8 mm across and radiate transversely from the axis.
Chambers can number up to 150 but average 50, with each compound gall being
considered a fusiform group of individual galls with no communal function among
D. nebulosus inhabitants. However, the formation of large galls with their more
deeply embedded chambers offers some communal protection against predators (Jones 1983). Incipient galls are dark green tinged with red, turning deep
reddish-brown in the fall, matching the host plant. Eggs are implanted in the
vascular and medullar regions of the stem (Houard 1903, Mani 1964) and gall
initiation begins when large numbers of hatchling D. nebulosus larvae begin to
feed on lateral meristem cells. Larval saliva causes cellular enlargement (hypertrophy) and proliferation (hyperplasy) of adjacent tissues (Mani 1964). The
stimulated Rubus stem area turns pale luminous-green within two days of the
hatch, owing to enlarged phloem and xylem cells with a perceptible swelling at
the basal limits of the gall. This swelling radiates in all directions from the axis
forcing inflating softer tissues through more resistant, verticular endodermal
bundles resulting in typical longitudinal furrows, dividing the gall into 4-5 irregularly convoluted portions (Figs. 3,4). Rudimentary gall chambers are surrounded by continuously forming, enlarged, white, spongiose nutritive cells upon
which cynipid larvae feed. Arcuate galls (Fig. 4) result from females laying eggs
on one side of the host plant stem as discussed further. Nodular or deformed
specimens (Fig. 5) result from few eggs implanted or tissue-severing excavations and elimination of cynipid hosts by parasitoids causing localized cessation of gall genesis. Unfurrowed smoother galls (Figs. 6,7) are associated with
poor sandy soils. Gall genesis and growth are phytologically independent, the
former continuing normally while the latter may be retarded or accelerated by
ecologic variables (Mani 1964). Accordingly, less developed D. nebulosus galls on
host plants growing in poor soils were seen to contain the same numbers of
chambers as in larger succulent specimens, but have thinner tissues, compacted
chambers and smaller inhabitants. In mid-October, cessation of both plant

Figures 3-7. Diastrophus nebulosus galls: (3) furrowed, (4) furrowed and arcuate,
(5) nodular, (6) smooth, (7) longitudinal section showing larval chambers, parasitoid
excavations, and emergence passages.
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metabolic activity and cynipid feeding results in pithy cork-like vascular tissues
while outer cortical layers become hard and woody. The meristem layer surrounding inquiline and gallmaker chambers dries to form a thin, white shelllike integument. Outer epidermal tissues remain viable throughout the winter,
producing floricane branchlets in the spring. Although primocanes and floricanes
grow concurrently, D. nebulosus normally selects vigorous primocanes, perhaps
owing to the hard texture and ultimate fall dying-off of floricanes. In the laboratory, formation of small, distorted rudimentary galls yielding smaller adults on
tender floricane branchlets, and even leaf petioles, was accomplished. Some D.
nebulosus galls are formed basally on the stem and are easily mistaken for
those of its crown galling congener, D. bassetti Beutenmuller.
Instars of all species exhibit no morphological changes other than size,
so a mid-to-last instar description is provided. In general, minute first instars
measured from size of the egg to > 0.7 mm, vermiform; 13 segments; head
capsules nearly as wide or wider than the supernumerary segment. Identification is determined through examination of described setation patterns where
present. Dates given for starting emergences and flight periods will vary by 1-2
weeks depending on weather. Described orientation of eggs is based on the firstproduced end being the posterior end.
Species Descriptions and Life Histories.
Family Cynipidae
Diastrophus nebulosus (Osten Sacken) (Figs. 8-13).
Egg (Fig. 8). Bipolar; size of egg body > 0.4 mm, with peduncle and club, >
0.8 mm (N = 2); egg body nearly transparent turning opaque ivory with age,
narrowly elliptic, anterior end producing a long peduncle or stalk terminating in
a small elliptic club; peduncle elastic and as long or longer than the egg, becoming wiry upon drying; chorion smooth, viscous when fresh and unpigmented.
Mid-to-last-instar (Fig. 9). Size, 2-2.9 mm (N = 2), rotund; a distinct
ventral angulation beginning at the third thoracic segment, but arcuate dorsally; no setae, opaque, smooth, abdominal segments creamy-yellow, thoracic
segments creamy white, all segments deeply invaginate and nearly equal in
circumference, tapering abruptly from the eighth abdominal to the anal segment. Six visible pairs of spiracles; a pair of ovate mesad-oblique pigmentations on the supernumerary segment are well-defined; head capsule prominent,
smaller than the supernumerary segment, smooth, with a distinct epicranial
suture and indistinct, transverse eye-like sulci; nasale jutting ventrally. Mandibles (Fig. 10) sclerotized, sub-falciform and weakly recurving, strongly tridentate, dark brown, and larger than those of the inquiline. In April, the once blind
larval gut develops and several pellets of greenish, dark brown frass are evacuated. The head capsule is shed and the ovate pigmentations advance anteriorly
on the supernumerary segment, apparently forming the compound eyes.
Diastrophus nebulosus larvae are distinguished from those of parasitoids
in all instars by its tridentate mandibles and lack of setae, and from S. sylvestris
by the greater rotundity and stronger arcuation in the latter. The mature larva
nearly fills its chamber and frequently shifts its position through a rhythmic
snapping movement. Feeding ceases in mid-October with the onset of colder
temperatures. Diastrophus nebulosus larvae are attacked by all members of the
predator complex with up to three nonconspecific predator eggs often found in
single chambers.
Pseudo-oophagy was displayed by mid-instars that successfully broke the
chorion of inquiline eggs but did not ingest the hemolymph. Also, D. nebulosus
ineffectively bit at the chorion of parasitoid eggs for long intervals with intermittent feedings on meristem. This behavior continued for 1-3 days and up to
hatching of the intruding egg. Parasitoid chorions are perhaps harder than that
of the inquiline; age, shape and texture may also determine their resistance. In
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Figures 8-20. Egg measurements are without peduncle. Diastrophus nebulosus: (8)
egg, (9) larva, (10) larval mandible, (11) female pupa, (12) adult female, (13) male
metasoma; Synophromorpha sylvestris: (14) egg, (15) larva, (16) larval mandible,
(17) female pupa, (18) adult female, (19) male metasoma, (20) S. sylvestris
multioviposition in a D. nebulosus gall chamber.
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any event, once the parasitoid egg hatches, the minute larva probably remains
unnoticed up to attachment to its host.
Pupa (Fig. 11). Size, 2-3.2 mm (N = 2); creamy-white when newly formed,
gradually darkening to deep brown. Pupation lasts 12-17 days after which a
large clear drop of fluid is exuded anally. Diastrophus nebulosus pupae are distinguished from those of S. sylvestris by the smaller size and less rotund
metasoma of the former.
Adult. (Figs. 12,13). Female length 2-3 mm; males, 1.5-2 mm (N = 3).
Univoltine. Males emerge about 5 May, females over 10-25 May. Rare sightings
of adults occurred in the field as late as 22 June. Sex ratios in parasitized galls
yielded females 1.5:1, while rare unparasitized galls, such as one found near
Richmond, Virginia, produced 163 adults with females 5.79:1. A large
unparasitized D. nebulosus gall collected near Reamstown, Pennsylvania, produced a series of 38 males only. This arrhenotoky, first reported here for a
Nearctic Diastrophus species was previously reported in the European D. rubi
(Bouche) (Folliot 1960).
Emergent gravid females had egg loads of approximately 150 and mated
immediately with waiting males. Jones (1983) reports egg loads of 200 in
D. kincaidii females perhaps explaining their larger comparative numbers (Kraft
and Erbisch 1990).
Matthews (1975) reported on the mating and courtship habits of
D. nebulosus and showed that subtle variations in courtship behavior between
closely related groups are significant clues that even permit identification of
species (Khasimuddin and DeBach 1975, Matthews 1975).
After mating, females oviposit in rapidly growing primocanes, their stems
and lateral shoots measuring from 3-10 mm in diameter and 40-60 cm in height
with several developing leafbuds. Eggs are implanted in the axis or shoot junctures but never within a leaf bud. Later on, more tender lateral shoots are used
as the stem axis hardens with age. Both D. nebulosus and Diastrophus
cuscutaeformis Osten Sacken females face basally while ovipositing, as was also
noted in the rose galling Diplolepis polita Ashmead (Shorthouse 1973). Two to
10 minutes are required for each implantation. Moving >1 mm for each egg,
some short vertical rows are sporadically produced around the axis, seemingly
ideal for symmetrical galls, but this factor was countered with many more eggs
laid among the rows. The basal and apical boundaries are also indistinct owing
to overlapped egg-laying.
On shaded stems, eggs were laid on the shaded side, producing arcuate
galls as explained further. Eggs are oviposited along 12-25 mm of the stem with
the array of eggs gradually becoming more dense at the apical gall boundary,
perhaps indicating female sensitivity to gall symmetry. The occasionally formed
secondary galls, 10 cm or so distal to the first are generally smaller. Ovipositor
wounds are visible as black specks that disappear in several days. This is
perhaps due to oxidation of exposed plant tissue but Wangberg (1975) reports
that D. kincaidii females produce a brownish fluid with each egg which may
account for the darkened egg sites. With the egg body implanted in deeper stem
tissues, the small anterior club remains near the surface, an archaic ovipositional mode employed as well by the cynipid inquiline, S. sylvestris. Adler and
Straton (1894) and Clausen (1940) suggest that terminal clubs are remnants,
having lost in vigorously metabolizing plant tissue, their original use as respiratory organs. They exemplify with the European oak galling species, Biorhiza
aptera Fabricius (sexual gen.= B. pallida Olivier). Egg bodies of this species,
deeply implanted between bud scales of Quercus pedunculata, effect gas exchange through the exposed club since no gas exchange occurs through the dormant bud tissue. In contrast, vigorously metabolizing tissues of plants bearing
Diastrophus spp. and other cynipid galls, allow gas exchange and would permit
total egg implantation by inquiline and parasitoids alike. Indeed, the entire

136

THE GREAT LAKES ENTOMOLOGIST

Vol. 36, Nos. 3 & 4

pedunculate eggs of Eurytoma diastrophi and E. rubrigalla are so implanted in
D. nebulosus gall chambers.
In the laboratory, two to three D. nebulosus females frequently oviposited
simultaneously at the same gall site, a behavior Adler and Straton (1894) suggest is a rudiment of inquilinous behavior. Many average-sized galls in established colonies are perhaps the shared work of several females who apportion
their individual egg-loads over neighboring gall sites. Single, large, isolated galls,
however, forming a remote, frontier colony, showed near depletion of one female’s
egg-load.
Diastrophus nebulosus females oviposit over 1-2 days with infrequent rest
periods and eggs hatch in 4-6 days. No nocturnal ovipositions in the laboratory
were seen. Females retired to the underside of a leaf after dark. Eggs were
implanted on the shaded sides of Rubus stems, suggesting a phototropic response to the harmful effects of solar rays and heat on delicate eggs in semitransparent Rubus stems and premature hardening of galls that are exposed to
sunshine. Similar behavior is exhibited by the rose galling Diplolepis rosae (L.)
(personal observation) and D. polita (Shorthouse 1973). Constant shade on one
side of the stem, however, leads to lop-sided ovipositions resulting in arcuate
galls, a more frequent form in galls of D. kincaidii (Kraft and Erbisch 1990).
Galls semi-sheltered by Rubus foliage, however, are more symmetrical and
succulent throughout winter. After oviposition, notably weakened females probably die soon thereafter. No adults were observed nectaring but water was
readily taken in the laboratory.
Adult D. nebulosus are quite docile and when disturbed, “play possum,”
i.e., fold their legs and antennae, drop from the plant and remain motionless for
2-3 seconds, a characteristic common to many cynipids. These wasps fly poorly,
if at all, and habitually walk over plants or make short erratic jumps.
Principal Parasitoid/Inquiline Complex
Family Cynipidae
Synophromorpha sylvestris Osten Sacken (Figs. 14-20). The small,
Holarctic genus Synophromorpha is largely restricted to Diastrophus spp. galls
on Rubus and perhaps Diplolepis ignota (Osten Sacken) galls on Rosa (Weld
1952a, Burks 1979d). I have found S. sylvestris only in D. nebulosus galls.
Egg (Fig. 14). Bipolar. Size of egg body > 0.4 mm, with peduncle and club,
> 1.2 mm (N = 2); egg body oblo-arcuate, wider anteriorly, gradually tapering
posteriorly, anterior end producing a long thread-like elastic peduncle, twice as
long as the egg body, terminating in a small elliptic club; eggs are transparent
when fresh, becoming opaque with age; chorion and peduncle smooth, viscous
and unpigmented.
Mid-to-last instar. (Fig. 15); size, 1.8-2.6 mm (N = 2); very rotund, strongly
arcuate, segments convoluted and invaginate; spiracles obscured by mesad secondary segmental convolutions; segments 2-9 nearly equal in circumference,
tapering abruptly caudad; integument smooth, viscous, opaque, creamy-yellow;
head capsule smooth, smaller than the supernumerary segment, somewhat
retracted with a shallow epicranial fossa above the adfrontal area; a pair of
ovate, oblique pigmentations appear on the supernumerary segment as in
D. nebulosus. Mandibles (Fig. 16) falcate, tridentate, dark brown, moderately
opposed and smaller than in D. nebulosus.
Synophromorpha sylvestris larvae nearly fill their host chambers in late instar and must access fresh meristem with the same snapping tactic employed by
D. nebulosus larvae. With the onset of autumn, instars are quite immobile, reacting
slightly or not at all to the touch of a probe. Dark, greenish frass is excreted two days
prior to pupation. The smaller head capsule, epicranial fossa, greater arcuation and
rotundity distinguish this larva from that of D. nebulosus. Synophromorpha sylvestris
larvae are attacked by all members of the parasitoid complex.
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Pupa (Fig. 17). Size, 2.3-2.8 mm (N = 2); robust, opaque, creamy yellow,
becoming dark brown and anally exuding a large drop of clear fluid two days prior
to emergence. The larger, more ovate, ventrally projected metasoma with its dorsally fused scutellum distinguish this pupa from that of D. nebulosus. The pupal
state, beginning in mid-May, lasts 12 days for the male and 17 for the female.
Adult. (Figs. 18, 19). Female length, 2.6-3 mm, males 1.3-2 mm (N = 3).
Univoltine. Males emerge around 28 May, gravid females 2-3 days later, roughly
two weeks after D. nebulosus has initiated new galls. Females outnumbered
males 2.75:1. Mating proceeds immediately and appears similar in behavior to
D. nebulosus (Matthews 1975) except for more rapid movements by S. sylvestris.
Egg loads are roughly 80 and eggs are larger than those of D. nebulosus. Adults,
unlike those of D. nebulosus are robust, very active and capable of fairly sustained flight. Like D. nebulosus, S. sylvestris “plays possum” when disturbed.
After mating, females seek out galls roughly two weeks old and beginning to
swell. At this stage, inquilinous behavior is similar to that of D. nebulosus as
both oviposit into the same gall sites and their larvae feed on gall tissues. The
hatchling larvae of S. sylvestris, however, as with other cynipid inquilines have
lost their ability to initiate gall tissues and thus females must introduce their
eggs into existing D. nebulosus gall chambers. After suffocation or immobilization of early instar D. nebulosus larvae, S. sylvestris larvae commence stimulating and feeding on preinitiated tissues. Gall genesis proceeds normally in these
inquiline inhabited chambers.
Oviposition may continue over a six week period (Fig. 2). Ovipositing females move rapidly over the gall substrate with nervously probing antennae.
Intruding conspecific females are rushed upon with fanning wings and ejected
with split-second mandibular and head contact. Females display a remarkable
tenacity for a given gall, guarding it against conspecifics and parasitoids over 1-2
days. A laboratory female was removed from a gall 6-7 times but, in each instance, returned 2-3 minutes later and continued oviposition. Nocturnal oviposition was often noted in the laboratory and almost certainly occurs in the field. One
to four minutes are required to deposit each egg, the female remaining motionless
except for a slow rising and falling of her body as she guides and releases the egg;
she then resumes her spider-like movements while probing out another host site.
The medium-sized ovipositor allows implantation of eggs into the deeper chambers of incipient galls and shallower chambers in later gall stages, allowing a
flight period from late May to mid-July with peak activity noted about 24 June.
The egg body is guided near or upon the host larva with the club anchored
in outer gall tissues. Viscous S. sylvestris eggs laid in newly initiated chambers
smother or otherwise immobilize first instar larvae of D. nebulosus until they
die. The method employed in destroying mid-to-late instar D. nebulosus larvae
revealed that the long peduncle had evolved toward a remarkably different role
than that of its archaic respiratory function. With one or more egg bodies deposited in the chamber and their clubs anchored in outer tissues (Fig. 20), the
peduncles cross chamber space and serve as an elastic, viscous snare. Diastrophus
nebulosus mid-instars were frequently observed writhing against adhesive eggs
and peduncles, completely immobilized and dying soon thereafter.
Synophromorpha sylvestris multiovipositions are common, with occasionally two
or rarely four eggs implanted. Eggs hatch in 6-10 days.
Among parasitoid species, first-hatched larvae were seen to destroy remaining eggs and/or hatchling larvae resulting in a single occupant per chamber.
Shorthouse (1973) and Wangberg (1976) noted like behavior in Diplolepis polita
and Diastrophus kincaidii galls respectively. However, in otherwise barren chambers containing several S. sylvestris eggs, the last-hatched larva survives, the earlier
hatchlings having been destroyed by conspecific eggs and peduncles. Although
Malyshev (1966) suggests that inquiline multioviposition is probably a remnant of
its archaic gallforming behavior; such activity is exhibited as well by parasitoid
members of the D. nebulosus complex.
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The replacement of primary host D. nebulosus by S. sylvestris presents the
disadvantage of its becoming the secondary host to parasitoids; ultimately comprising only 9% of total gall inhabitants.
Superfamily Chalcidoidea
Eurytoma diastrophi Walsh (Figs. 21-25). Bugbee (1967) and Burks
(1979b) review the literature and report this species as indigenous to galls of
D. nebulosus, D. cuscutaeformis and D. niger Bassett. I have reared E. diastrophi
from Rubus crown galls of D. bassetti and root galls of Diastrophus radicum
Bassett, the latter of which are occasionally found adjacent to D. nebulosus
colonies utilizing the same host plants. I have not reared E. diastrophi from
D. cuscutaeformis galls. The nutritive need of E. diastrophi for two or more larvae
through excavating into adjacent chambers would not be met by a single host
larva in the small, unilocular galls of D. cuscutaeformis.
Egg (Fig. 21). Bipolar; size of egg body, > 0.4 mm, with peduncle > 0.7 mm (N
= 3); egg body ovoid-elliptic; white when fresh, turning dark brown to black with
age; posterior end with a fine stylet that withers with age; anterior end bearing a
transluscent peduncle or stalk as long as the egg body, terminating in a small
club; peduncle is soft and elastic when fresh, becoming dry, wiry and curling in a
day or two; chorion smooth, viscous when fresh, becoming drier with age.
Mid-to-last instar (Fig. 22). Size, 1.5-2.9 mm (N = 2); off-white; sparse
rows of setae on all segments, lacking dorsally caudad of third thoracic segment;
several pairs of setae on adfrontal head capsule; head capsule nearly as large as
the supernumerary segment; mandibles (Fig. 23) large, sclerotized, dark brown,
bidentate, strongly falcate and opposed; nine dorsal protuberances or lobes,
beginning at the third thoracic segment and prominently displayed when relaxed; strong latero-ventral segmental lobes; integument dry with a wrinkled
appearance due to oblique intersegmental invaginations separating the dorsal
lobes; eight visible spiracles; body rotund in cross-section with gut contents
visible and peristalsis noted. In April, the formerly blind gut develops two days
prior to pupation when several pellets of black, semi-solid frass are evacuated.
The larger head capsule, setation pattern and larger mandibles readily distinguish this larva from others in the gall.
Pupa (Fig. 24). Size, 2.5-3.2 mm (N = 2); white when formed, turning
glossy black with age. Female pupae are larger, more robust and less arcuate
than pupae of other eurytomids in the gall. Pupal state lasts from 12-17 days at
the end of which a large drop of clear fluid is exuded anally.
Adult. (Fig. 25). Female length 2.7-3.6 mm; males 1.3-2.8 mm (N = 3).
Univoltine. Males emerge about 6 June, females about 10 June. Eurytoma
diastrophi was fourth in sequence to emerge, parasitizing D. nebulosus and S.
sylvestris and hyperparasitizing O. labotus, E. rubrigalla and Habrocytus sp. A.
Among the Eurytomidae, females either equal or outnumber males (Bugbee
1951a) and in this species the ratio was 4:1. Males waited on leaves of a Populus
sp., some 20 meters from the nearest gall, later approaching the galls where
they mated with emergent females. Females have egg loads of roughly 12.
Eurytoma diastrophi is the most frequent and devastating species in the gall,
comprising 33% of inhabitants. Although females of E. diastrophi lay relatively
fewer eggs, these larvae consume 2-4 host larvae and survive in larger numbers
in extremely hardened or dry-rotted galls.
Mating and courtship. An observation of complex courtship and mating
activity began with the much smaller male swiftly approaching a female, stopping abruptly several mm away. The male engages in head-bobbing and rapid
side-to-side teetering with legs in fixed position lasting for intervals of several
seconds. A variation of this behavior was intermittent lateral teetering while
quickly approaching in a zig-zag pattern. The male then antennates the female’s
antennae with a rapid “swimming” motion, the female seemingly non-receptive
with antennae elbowed down or receptive with antennae vertical (Assem 1970).
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Figures 21-35. Eurytoma diastrophi: (21) egg, (22) larva in relaxed state, (23) larval
mandible, (24) female pupa, (25) adult female; Ormyrus labotus: (26) egg, (27) larva,
(28) larval mandible, (29) female pupa, (30) adult female; Torymus flavicoxa: (31)
egg, (32) larva, (33) larval mandible, (34) female pupa, (35) adult female.
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If a non-receptive state remains, the male mounts the female’s prothorax with his
fore-tarsi atop the female’s head. With antennae elbowed down and outward in
front of the female’s antennae, the male begins a rhythmic bobbing of his head and
thorax in abrupt stabbing motions at approximately two beats per second, touching
the substrate with his antennae directly in front, or under the tips, of the female’s
antennae. If still non-receptive, the mounted male strongly fans his wings in roughly
two-second repetitions, the force of which pulls his body forward and downward in
front of the female; this behavior lasts 20-30 seconds. Should receptivity occur after
several such stimuli displays, the male quickly moves latero-ventrally, effecting
copulation. In related behavior, a male will mount and remain atop a female’s
prothorax and is so carried about the gall and stem substrates for 10 – 25 minutes.
This appears to be a male territorial display to discourage the approach of nearby
males. Considerable aggression was shown by males who were in larger numbers
as females began emerging. Males rushed at mounted courting pairs, occasionally
making body contact causing the mounted male to depart. Females oviposit beginning in early June, implanting one or more eggs into host chambers.
Upon consuming its initial host larva, E. diastrophi excavates into adjacent chambers, ingesting two to four host larvae over its development. The large
sclerotized E. diastrophi mandibles chew erosively through gall tissues generating sizable amounts of masticated tissues that readily identifies the chamber
occupant. Well-developed dorsal and lateral lobes act as tractile and motile
organs allowing the larva to exert greater mandibular pressure against gall
tissues, and also as “conveyors,” moving excavated material posteriorly. Phytophagy was not discerned in E. diastrophi but some ingestion of gall tissues
may occur during excavation. Eurytomid phytophages are known (Bugbee 1966).
The strong entomophagy of E. diastrophi was displayed in the laboratory
when a mid-instar larva, having devoured its initial host, was placed in a 10 x 40
mm vial and presented with individual host larvae. Over 19-26 July, this
E. diastrophi larva consecutively consumed two conspecific and eight D. nebulosus
larvae beyond its initial host. In two instances, the E. diastrophi larva crawled a
distance of 10-12 mm to attack and devour the hosts. Consumption time was
from 1-4 hours. Nocturnal feeding was not observed suggesting an obligate rest
period. On 28 July, two days after feeding ceased, premature metamorphosis
occurred as the once blind gut developed and frass was evacuated, but the
E. diastrophi larva died. The overt aggressiveness of these larvae was exhibited
when a fine probe touched to mid-venter was attacked and after removal of the
probe, the larvae continued biting at the site. Host larvae fed to late instar
E. diastrophi in the fall were ignored or weakly grasped and released indicating
waning entomophagous response.
Besides its autoparasitism, E. diastrophi is attacked by four hyperparasites (Fig. 1) whose method of subjugating aggressive mid-instar E. diastrophi
larvae would appear to require a sting as commonly administered by certain
Habrocytus spp. (Clausen 1940).
Ormyrus labotus Walker (Figs. 26-30). Hanson (1992) recently revised
and provided a key to Ormyrus spp. and summarized their hosts and ranges.
Ormyrus labotus attacks five hosts on Quercus, one on Rubus and one on Lactuca
spp. (Peck 1963). I have reared O. labotus from D. nebulosus and from the previously unreported hosts D. bassetti and D. cuscutaeformis.
Egg (Fig. 26). Size, > 0.4 mm (N = 2), banana-like, wider posteriorly,
terminating abruptly at its ends; chorion smooth, unpigmented, viscous and
transparent when fresh, becoming opaque and drier with age.
Mid-to-last instar (Fig. 27). Size, 2-2.5 mm (N = 3); light gray, rotund, with
weak intersegmental lateral and dorsal lobes, prominent when active; segments
3-8 equally wide, tapering abruptly caudad and gradually cephalad; head capsule
smaller than the supernumerary segment; seven visible spiracles; integument
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finely punctate; short, sparse rows of setae only on the supernumerary segment
and frontal head capsule; mandibles (Fig. 28) small, sickle-like, moderately
opposed and unpigmented except for light brown tips; mid-gut transparent and
black with gut contents; peristalsis noted while feeding. The sickulate mandibles and relative lack of setae distinguish this larva from others in the gall.
Pupa (Fig. 29). Size, 2.5-3.2 mm (N = 2); distinquished from others by the
dorsally projected anal tergites of the female and greater rotundity. Pupal state
lasts 15-17 days.
Adult. (Fig. 30). Female length 2.4-3.2 mm; males 1.5-1.9 mm (N = 3).
Bivoltine. In spite of two generations, O. labotus adults were equal in numbers
to those of the univoltine inquiline, S. sylvestris, comprising 9% of inhabitants.
Although Ormyrus labotus is found in D. nebulosus and D. bassetti galls, it appears more often in D. cuscutaeformis galls, comprising 20% of its inhabitants.
Both sexes emerge about 10 May; second generation males emerge around 5
September, females about 9 September. Spring-emergent females outnumbered
males 1.8:1 with fall ratio unknown. Females emerged in the laboratory but no
mating activity was observed.
Ovipositing females nervously flex their metasomas while antennating
the gall surface and require 6-7 seconds to implant each egg, with
multiovipositions into several host chambers per gall a common occurrence.
Females do not linger on the gall but depart after implanting several eggs. The
shorter ovipositor is ideally suited to the externally produced, seed-like galls of
D. cuscutaeformis and reveals why eggs are laid in the outermost compound
chambers of D. nebulosus galls. Moreover, its relatively early emergence allows
its use of smaller, less developed D. nebulosus galls.
Ormyrus labotus exhibits considerable autoparasitism, especially in the
fall brood, probably due to depleted or inaccessible primary host resource. Females attack conspecific larvae, pupae and even fall preemergent adults whose
intact integuments then resemble the result of endoparasitism. A remarkable
aspect of its autoparasitism was frequent ovipositions on conspecific male pupae, subsequently producing male O. labotus adults. While perhaps coincidental displays, the stratagem for deliberate replacement of fall-brood with springbrood males is unclear. Ormyrus labotus larvae require a single host larva for
development. Second generation, overwintering O. labotus larvae are found in
all instars on their hosts, their feeding commencing with rising temperatures.
Torymus flavicoxa (Osten Sacken) (Figs. 31-35). Torymus flavicoxa is
reported parasitic on the cynipids Liposthenes glechomae (L.) in galls on Glechoma
hederacea, Belonocnema treatae Mayr in root galls on Quercus virginiana and
Diplolepis radicum (Osten Sacken) in root galls on a Rosa sp. (Grissell 1979).
Egg (Fig. 31). Size, > 0.4 mm (N = 2), widely oblo-arcuate, wider posteriorly, constricting into a smaller bulbous protuberance; chorion smooth, translucent and unpigmented when freshly laid, becoming opaque with age.
Mid-to-last instar (Fig. 32). Size, 2.5-3 mm (N = 3), rotund when relaxed;
weakly projected dorsal intersegmental lobes beginning at the third abdominal
segment; integument opaque, darker gray than O. labotus and finely punctate or
matte in texture; rows of numerous long setae overall except dorsally from the
third thoracic, caudad to the eighth abdominal segment; black in mid-gut with
peristalsis noted; head capsule small, having several long setae on adfrontal
area with a pair of minute tubercles projecting from the adfrontal margins.
Mandibles (Fig. 33) lacking in pigmentation, scarcely sickulate and opposed.
The pair of tubercles on the adfrontal margins and heavier setation separate
this larva from others in the gall.
Pupa (Fig. 34). Size, 3.4-4 mm (N = 2). Female pupae are easily separated
from others by the large ovipositor sheath produced postero-ventrally and fused
dorsally. Pupation periods were about 12 days for males, 18 days for females.
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Adult. (Fig. 35). Female length, 3.5-4.1 mm (excluding ovipositor); males
1.6-2.5 mm (N = 3). Bivoltine. Torymus flavicoxa was fifth in frequency, comprising 4% of total inhabitants. The smaller males emerge sporadically in early
summer, about 10-24 July, females around 13-28 July. Summer brood females
outnumber males 1.50:1. Fall brood males emerge about 7-27 August, and females, 13 August to 28 September, with fall brood sex ratio unknown.
Torymus flavicoxa females gain sufficient clearance for their 4-5 mm ovipositor by typically arising full height on extended middle and hind legs. Some
rising and falling of the body is noted as the ovipositor is slowly inserted into the
gall. One or more eggs are implanted in each host chamber and require 7-10 days
to hatch. Both generations are closely interwoven with emergences overlapping
ovipositions from midsummer to late fall. With the arrival of spring, T. flavicoxa
larvae enter a prolonged diapause, emerging around 10 July. Higher mid-to-late
summer temperatures appear to activate development in both generations. Similar protracted diapause is reported for T. bedeguaris (L.) (Shorthouse 1973) in the
rose galls of D. polita. Host relations include attacks by hyperparasites and
autoparasitism (Fig. 1). Torymus flavicoxa feeds on a single larva and displays no
excavating behavior. The typically long ovipositor allows implantation into both
shallow and more deeply positioned host chambers in fully matured galls.
Immatures are observed in all instars throughout winter, remaining fastened to
their hosts until rising temperatures trigger feeding response.
Eurytoma rubrigalla Bugbee (Figs. 36-39). Similarities of adult characters in this genus belied the presence of a congener within the series in my
earlier collections of E. diastrophi. Evidence of such, however, was revealed through
immature morphology, host relations and bivoltinism of this second species.
Series of immatures and adults were submitted to R.E. Bugbee who described
the new species (Bugbee 1968). Examination of my older E. diastrophi series
turned up proportionate numbers of E. rubrigalla. I have reared several small
series of unconfirmed E. rubrigalla from the Rubus crown galls of D. bassetti, the
rose galls of Diplolepis dichlocerus Harris and Lactuca galls of Aulacidea tumida
(Bassett). In each case, E. rubrigalla occurred with E. diastrophi, E. spongiosa
Bugbee and E. bicolor Walsh, respectively.
Egg. Undetermined, but would resemble that of E. diastrophi.
Mid-to-last instar (Fig. 36). Size, 1-2.3 mm (N = 3). A late instar was
recorded based on scant material. Creamy white, opaque, 13 apparent segments; six pairs of visible spiracles beginning at the fourth abdominal segment;
elliptical in cross section; midsegments wider, narrowing gradually caudad and
cephalad to the supernumerary segment, the latter nearly as wide as the head
capsule; flange-like latero-ventral protuberances beginning at the fourth segment, more pronounced when relaxed; pairs of setae on the lateral and ventral
aspects of all but the anal segment, lacking dorsally except on the first two
thoracic segments. Head capsule small with weakly bifurcate nasale and sparse
adfrontal setae; mandibles (Fig. 37) small, unpigmented except for dark tips,
falcate, opposed and bidentate.
Pupa (Fig. 38). Size, 1.2-2.4 mm (N = 2); distinguished from E. diastrophi
by its smaller size, more ovate metasoma and ventral arcuation in the female.
Pupation period for females was approximately 18 days.
Adult (Fig. 39). Female length 2.2-2.7 mm, males 1.5-2.1 mm (N = 2).
Bivoltine. Eurytoma rubrigalla comprised 3% of total inhabitants. Though
eurytomid females are generally equal or greater in number than males (Bugbee
1951a, Shorthouse 1973), E. rubrigalla males outnumbered females 1.4:1 but
larger samplings are needed to show truer ratios. Males emerge earlier than E.
diastrophi, around 26 May, and females about 2 June. Fall males emerge around
27 August, females about 5 September, and were found ovipositing on 9 September. Eurytoma rubrigalla attacks the primary and secondary hosts and is
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Figures 36-47. Eurytoma rubrigalla: (36) larva, (37) larval mandible, (38) female
pupa, (39) adult female; Habrocytus sp. A: (40) larva, (41) female pupa, (42) adult
female; Tenuipetiolus ruber: (43) larva, (44) larval mandible, (45) female pupa, (46)
adult female; Eupelmella vesicularis: (47) female pupa.
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hyperparasitic on E. diastrophi, O. labotus and fall brood pupae of T. flavicoxa. In
both generations, E. rubrigalla implants one or more eggs into each host chamber
and exhibits no excavating behavior, requiring only one host larva for development. Adults are smaller than E. diastrophi and are distinguished from the latter
by black infuscation on the profemora and protibia of the female, the squarish
flagellar segments of the male and the white tarsi present in both sexes (Bugbee
1968).
Habrocytus sp. A. (Figs. 40-42). Systematics problems in the Pteromalidae
disallowed identification of this species (B. D. Burks, personal communication).
Egg. Undetermined.
Mid-to-last instar (Fig. 40). Scant material allowed only a description of
late instar larvae. Size, 2-2.1 mm (N = 2), vermiform, elongate, ivory white,
smooth and lacking setae, semi-transparent and somewhat round in cross section, 13 weakly produced segments, with eight pairs of visible spiracles, indistinct dorsal lobes, fourth segment wider, others tapering caudad and cephalad;
head capsule ovate, dome-like laterally and as wide as the supernumerary segment; mandibles unpigmented, small, sub-falciform and strongly opposed.
Pupa (Fig. 41). Size, 3-3.7 mm (N = 2), metasoma elongate; gradually
tapering posteriorly, separating this species from the others. Early pupation in
mid-April lasts 12-15 days.
Adult. (Fig. 42). Female length, 3-3.5 mm; male, 2-2.5 mm (N = 2).
Bivoltine. Habrocytus sp. A. was the least frequent gall member, comprising 2%
of inhabitants and was not previously reported from D. nebulosus galls. First
generation Habrocytus sp. A. emerged around 25 April, roughly two weeks prior
to D. nebulosus. Second generation males appeared about 8 September, females
about 11 September. Spring-emergent females outnumbered males 3.17:1.
Though Habrocytus sp. A. is first to emerge from D. nebulosus galls, it did not
appear in their galls until mid-June to early July. Clausen (1940) surmises that
certain Habrocytus spp. remain at large and infertile for many weeks until a
suitable host becomes available. Such late entry into the gall may suggest its
nutritive need for larger hosts. Unidentified Habrocytus spp. are also reported
from galls of D. polita (Shorthouse 1973) and galls of D. kincaidii (Wangberg
1976) and reflect the multiparasitism found in the genus (Burks 1979c). The
few Habrocytus sp. A. found in D. nebulosus galls were hyperparasitic on second
instar E. diastrophi larvae in mid-July. Up to two larvae are required for development; a straight narrow tunnel is excavated into a second host chamber. The
precarious habit of Habrocytus sp. A. mining into E. diastrophi chambers occasionally resulted in the former being consumed by E. diastrophi. Stinging by
Habrocytus spp. (Clausen 1940, Wangberg 1976) of other gall hosts may also be
the subjugation method used by Habrocytus sp. A. on its obligate mid-to-late
instar hosts in D. nebulosus galls. Overwintering Habrocytus sp. A. instars were
noted latero-dorsally attached to unconsumed E. diastrophi hosts with feeding
commencing with rising temperatures. Four to six days are required to ingest a
single larva after which the once blind gut develops in the prepupa. Only two
instances of hyperparasitism were observed on Habrocytus sp. A.: E. diastrophi
fed on its pupa and T. flavicoxa fed on its larva.
Incidental Parasitoid/Inquiline Complex
Superfamily Chalcidoidea
Tenuipetiolus ruber Bugbee (Figs. 43-46). Bugbee (1951b) offers systematics and range of this species. Recorded hosts for T. ruber include D. nebulosus,
D. cuscutaeformis and the rose galls of D. rosae (Burks 1979b). I have reared larger
numbers of T. ruber from D. cuscutaeformis galls than from D. nebulosus galls and
from the unreported galls of D. fusiformans Ashmead on Potentilla species.
Egg. Unidentified.
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Mid-to-last instar (Fig. 43). Size, 1.5-2.2 mm (N = 2); vermiform, integument white; weak dorsal and lateral intersegmental lobes; segments indistinct,
somewhat oval in cross section; long ventral setae on all segments, including
sparse dorsal rows on the second thoracic segment and all around the supernumerary segment; several pairs of setae on the adfrontal head capsule; mandibles (Fig. 44) small, bidentate, unpigmented except for light-brown tips, closely
resembling those of E. rubrigalla but more falcate. Other larval characters are
close to E. rubrigalla, the latter showing stronger segmentation and overall
latero-dorsal setae.
Pupa (Fig. 45). Size, 2-3.5 mm (N = 2); female pupae are easily distinguished from those of other species in the gall by the ventral ridges on the
metasoma. Pupal stage for females was roughly 11 days.
Adult (Fig. 46). Female length, 2-3.7 mm (N = 2). Apparently univoltine.
Only 15 specimens were reared. According to Bugbee (1951b), T. ruber emerges
throughout May and early June, the females outnumbering males 3:1. This
ratio in the present study was 2.5:1. Tenuipetiolus ruber is a parasitoid of D.
nebulosus and S. sylvestris in immature galls, and later became hyperparasitic
on E. diastrophi, O. labotus and T. flavicoxa. Tenuipetiolus ruber occasionally
feeds on a second larva by excavating a straight, narrow passage into the host’s
chamber, its clean excavations differing from the erosive mining of E. diastrophi.
Excavating by T. ruber in D. nebulosus galls would be curtailed in the unilocular
galls of D. cuscutaeformis, indicating facultative feeding habits. Adults are readily
distinguished from adults of other species in the gall by the metasoma’s long
petiole and long whorls of setae on the scape of the female (Bugbee 1951b).
Eupelmella vesicularis (Retzius) (Fig. 47). Adult female length, 2.52.8 mm (N = 2); distinquished from other adults by the larger head capsule,
enlongate thorax, and an oblate gaster bearing a pair of spinules on the anal
tergite. Synonymies, literature review and long host list for this parasitoid are
given in Peck (1963) and Burks (1979a). Personal rearings from incidentally
collected D. nebulosus gall material have turned up further E. vesicularis specimens, but the species is incidental in most hosts and biological data have thus
far been incremental. Wangberg (1976) described its egg as white and stalked,
and its larva was hyperparasitic on Eurytoma brevitergis Bugbee in D. kincaidii
galls. Eupelmella vesicularis larvae were observed to excavate in D. nebulosus
galls but no host data was revealed. Only 5-6 females were reared and no males
were observed in the field or otherwise recorded.
Torymus advenus (Osten Sacken). This parasitoid has been tentatively reported from D. nebulosus galls (Grissell 1979), and appeared in this
study in a series of four females from one gall. Nothing was revealed of its
immature stages or life history.
Family Ichneumonidae
Unidentified ichneumonid (near Orthopelma Taschenberg) sp. A.
One specimen was found as a preemergent adult in a large chamber. Orthopelma
is reported as endoparasitic and indigenous to Rubus, Ribes and Rosa galls
(Wangberg 1976, Barron 1977, Carlson 1979).
Numbers of inhabitants. The total disposition of 109 galls from 13 series
collected in four years is shown in Table 2. Parasitoid infestation resulted in
occasional extinction of D. nebulosus in some habitats as seen in Series X (Table
2). Nearly 100% of D. nebulosus galls were parasitized, but absence of one or more
species occurred in some series. Each randomly collected series displayed distinct
populational stages and are accordingly classified (Table 2) as having frontier,
succession or climax status, the latter two combined outnumbering frontier colonies by 11:2. Second brood emergence-hole counts from overwintered galls totaled
410 from all series, their numbers nearly equal to spring broods.

No.
Series Galls
1

Numbers of each speciesa
2
3
4
5
6
7

8

Totals

% D. nebulosus
in Galls

Colonyb
Status

Site
Locale

13

a
Key:
1 = D. nebulosus
2 = S. sylvestris
3 = O. labotus*
4 = E. diastrophi
*bivoltine
b
Populational stage of

Mean Nos. per gall

Totals:
2

224
1.9

205

= T. flavicoxa*
= E. rubrigalla*
= Habrocytus sp. A*
= Fall brood

4.7

523
7.2

785
1

106
0.6

69
0.4

41
3.8

410

21.7

2,363
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colony: F = frontier, S = sucession, C = climax

5
6
7
8

109

_______________________________________________________________________________________________________________________
12-65
I
5
83
11
1
44
0
2
3
19
163
51
S
Dodge Park
2-66
II
4
65
0
4
1
7
0
0
0
77
84
F
Fraser
4-66
III
6
13
21
6
63
21
5
1
71
201
6
C
Stony Creek
5-66
IV
2
101
0
0
2
0
0
0
0
103
98
F
Utica Rd.
12-66
V
25
36
39
13
205
52
17
7
118
487
7
C
Dodge Park
10-67
VI
5
83
4
18
10
0
3
9
13
140
59
S
Troy
12-67
VII
13
27
73
33
125
4
22
2
62
348
8
C
Warren
1-68
VIII
5
4
18
69
51
0
1
0
0
143
3
C
Plumbrook
1-68
IX
14
4
8
21
120
2
9
17
18
199
2
C
Dodge Park
2-68
X
8
0
3
25
44
0
0
0
27
99
0
C
Plumbrook
5-68
XI
8
65
4
0
36
12
0
0
11
128
51
S
Utica Rd.
12-68
XII
5
30
39
4
23
2
1
0
40
139
22
C
Warren
2-69
XIII
9
12
4
11
61
6
9
2
31
136
9
C
Dodge Park

Date
Coll.

Table 2. Total numbers of gall inhabitants from all series, 1965-1969.
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Figure 48A-B illustrates population trends at two sites where several
annual samplings were made. Two series totaling 10 galls were collected in an
intermittent three year sampling at Site A (Utica Rd., fencerow colony), showing
a frontier gallmaker-dominated colony trending toward predator dominance by
1969-1970. The succession curves are typically reciprocal and reveal the rapidity of populational shifts. The small samplings at Site A are indicative of the
few galls found in remote frontier colonies; therefore, 1967 was estimated due to
overcollection concerns. The successful dispersal of parasitoids in a single season out of old infested colonies becomes evident in the 1968 sampling.
Site B (Dodge Park No.8), with four annual samplings totaling 53 galls,
revealed a sharp D. nebulosus decline from frontier status in the winter of 196566 to predator succession beginning in 1967. This trend culminated in 1968
with predators reaching a 98% climactic level. A 0-2% gallmaker population
within a colony would lead to parasitoid/inquiline dispersal owing to lack of
resource, forcing them to move to newly established colonies or perish which
may account for the slight D. nebulosus rebound in 1969. These slight rallies,
occurring in 2-3 years, would not result in more than continuing low numbers or
annihilation of D. nebulosus populations. The infested Dodge Park site annually
produced small numbers of galls, persisting as Janzen’s (1970) parasite “sinks”
or “generators,” depending on one’s point of view.
The disposition of host-predator percentages from all colonies over four
years (Fig. 49) shows D. nebulosus having a survival rate of 22%. Recurring
reports of other gall species sustaining low gallmaker populations (Askew 1961,
Evans 1967, Shorthouse 1973) affirms their successful adaptation to seemingly
marginal populations.
Host/predator dynamics. Rubus flagellaris forms habitat patches for
relatively small, isolated colonies of D. nebulosus galls that both define and
delimit competitive resources. Patch-confinement of hosts results in predator

Figure 48(A-B). Reciprocal climax and succession of Diastrophus nebulosus and its
parasitoid/inquiline complex respectively in three and four year samplings at two
sites. Site A. Utica Road fencerow, Series IV, XI, 10 galls; Site B. Dodge Bros. Park,
No. 8, Series I, V, IX, XIII, 53 galls.
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Figure 49. Species percentages in all samplings over four years.

group response to strong olfactory attractants (Salt 1937) from adjacent, newly
initiated galls. This irresistible predator recycling and resultant annual populational degradation of D. nebulosus resource to single-digit numbers in some
cases, may perhaps be seen as a predator diversion stratagem (analogously in
Janzen 1970), allowing hosts in remote frontier colonies to proliferate.
Diastrophus nebulosus disperal success, however, is transitory, with predators
locating and infesting frontier colonies over one or two seasons.
Little or no host discrimination was displayed by adult parasitoids that
introduced eggs into previously visited conspecific and nonconspecific chambers.
The S. sylvestris inquiline, however, always discriminates for D. nebulosus larvae but may not detect a cohabiting parasitoid egg. Certain defensive cues were
evident when attacking predator females were noted reluctant to alight upon
occupied galls. Although such attempts were made, intruding females were
chased away by the first-ovipositing female.
In evaluating competitor success, the ovipositor length of D. nebulosus
predators indicated that all but that of the much larger T. flavicoxa ovipositor
allowed access to only the shallower outer chambers, depending on gall maturation. The eventual replacement of cynipid resource by parasitoids leads to facultative hyperparasitism and autoparasitism when competition approaches parasitoid climax by mid-July. Though D. nebulosus parasitoids also use other hosts,
their olfactory link to an established D. nebulosus colony annually assures a
strong parasitoid presence.
Attacking D. nebulosus larvae in early stages of gall development is thus
essential to most of its parasitoids. Jones’ (1983) morphological studies of compound galls of D. kincaidii, showed that the more deeply located gall chambers
offered escape from parasitoids. However, the small numbers of surviving cynipid
hosts in the deeper but fewer D. nebulosus chambers suggest the need for their
augmented dispersal to ungalled patches in order to maintain their 22% populational level. Kinsey (1929) and Malyshev (1966) regarded compound galls as primitive forms, the latter suggesting that such galls are a less efficient adaptation since
predator infestation occurs at early stages of gall development and the hardening of
outer protective tissues in the fall occurs too late. In addition, the large olfactory
“targets” presented by compound galls increases their vulnerability.
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My observations of host plant biotas and those of Kuster (1911),
Winterringer (1961), and Shorthouse (personal communication) confirm that
vast areas of apparently suitable host plants remain devoid of galls. Patch
underpopulations may be simply due to normally low dispersal success out of
infested colonies. The common, dipterous midge galls of Lasioptera nodulosa
Beutenmuller, for example, a species with the apparent advantages of greater
flight ability and fewer parasitoids, are found on the same Rubus host stems
and in far greater numbers and range.
To summarize, D. nebulosus hosts an indigenous predator complex of one
cynipid inquiline, and five principal and three incidental chalcidoid parasitoids.
The disclosure of three definitive colony types — frontier, succession and climax
colonies — suggest a successful D. nebulosus strategy where succession and
climax colonies are seen as predator diversions from frontier colonies. Pseudooophagy of inquiline eggs by D. nebulosus indicate some ability to reduce inquiline numbers. The percentages of a D. nebulosus emergent patch population
are fair predictors of the following season’s population in both succession and
climax colonies. The single appearance of arrhenotoky in an isolated D. nebulosus
gall (outside of the study area) occurred after the rearing of 109 galls produced
only bisexual generations. This disclosure suggests that prenuptial dispersal
and lack of mating opportunities in new Rubus habitats may result in selective
pressures leading to sexual polarizations commonly found in Diplolepis species
(Kinsey and Ayres 1922, Shorthouse 1973). Owing to the limited size of ovipositors, all parasitoids but T. flavicoxa and Habrocytus sp. A. require early entry
into galls to reach their hosts. Despite larger egg loads and two generations in
certain D. nebulosus predators, competitor success is greatest in E. diastrophi,
whose univoltinism and minimal egg-loads are evidently more than offset by
superior physiological and behavioral attributes of its larvae. On the other hand,
Ormyrus labotus with its two generations, displayed a strong autoparasitism,
particularly by its second brood depleting much of its own population.
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FEEDING RECORDS OF CATERPILLARS (LEPIDOPTERA)
FROM WISCONSIN PRAIRIES AND SAVANNAS
Andrew H. Williams1

ABSTRACT
Basic to our understanding of any animal and its habitat requirements is
knowing what it eats. Presented here are feeding observations of 18 species of
caterpillars encountered in Wisconsin prairies and savannas over 1992-2002.
These food plants are previously unreported for these insects.
____________________
Knowing what an animal eats is basic to our understanding of that animal and its habitat requirements. Over 1992-2002, I accumulated many observations of insects feeding in the prairies and savannas of southwestern Wisconsin. Caterpillars found feeding were reared in the lab on the same plant species
on which they had been found. The adult specimens were then given to the Insect
Research Collection of the Entomology Department at University of Wisconsin
– Madison. Food plants presented in Table 1 are previously unreported for the
18 species in 10 families of Lepidoptera listed. Other, similar results from this
research can be found in Williams (1995, 1997, 1999, 2003).
Unless otherwise noted in Table 1, I collected these insects and identified
these insects and plants. Plant nomenclature herein follows Gleason and
Cronquist (1991).
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Rudbeckia hirta
Pedicularis lanceolata
Ulmus pumila
Hypericum pyramidatum
Spiraea alba
Baptisia lactea

Nymphalidae
Chlosyne gorgone (Hubner)
Euphydryas phaeton (Drury)
Polygonia interrogationis (Fabricius)

Oecophoridae
Agonopterix lythrella (Walsingham)2

Pyralidae
Herpetogramma pertextalis (Lederer)3
Uresiphita reversalis (Guenee)1

in tube of young leaves
leaves
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feeding in sewn shoot tips

leaves
leaves, last instar larvae
leaves

leaves

Pyrus ioensis

Notodontidae
Datana ministra (Drury)1

developing loment

Desmodium illinoense

youngest leaves
youngest leaves
stem borer
developing loments
developing loments, small caterpillars ate
youngest leaves, flower buds and flowers

side of inflorescence, florets
leaf
leaf

Plant Structure Fed Upon & Notes

Liatris aspera
Impatiens capensis
Silphium laciniatum

Food Plant

Verbena hastata
Verbena hastata
Cacalia atriplicifolia
Desmodium canadense
Desmodium illinoense

Noctuidae
Catabena lineolata Walker1
Crambodes talidiformis Guenee1
Papaipema arctivorens Hampson1
Pyrrhia adela Lafontaine & Mikkola1

Lycaenidae
Everes comyntas (Godart)1

Arctiidae
Estigmene acrea (Drury)
Spilosoma virginica (Fabricius)

Species Name

Table 1. Observations of caterpillars feeding on previously unreported food plants.
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Heliopsis helianthoides

Sparganothis sulfureana (Clemens)2
L. Ferge.
E. Metzler.
E. Munroe.
J. Trager.

Lonicera dioica

Tortricidae
Choristoneura rosaceana (Harris)2

by
by
by
by

Oenothera clelandii

Sphingidae
Hyles lineata (Fabricius)1

Determined
Determined
Determined
Determined

Apios americana

Saturniidae
Automeris io (Fabricius)

1
2
3
4

Food Plant

Species Name

Table 1. Continued.

in rolled leaf, desired but unreachable by
ant Formica subsericea Say4
in folded leaf

flowers and bracts

leaf

Plant Structure Fed Upon & Notes
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MATING FREQUENCY OF EUROPEAN CORN BORER
(LEPIDOPTERA: CRAMBIDAE) IN MINNESOTA, KANSAS, AND TEXAS
J. L. Hinton1 and D. A. Andow1

ABSTRACT
The frequency of mating and polyandry in natural populations are important parameters for understanding evolutionary dynamics. Mating frequency
among natural populations of Ostrinia nubilalis (Hübner) [Lepidoptera:
Crambidae] are quite variable. Showers et al. (1974) found 91.1, 73.8, and
71.3% of females had mated during the second flight over 1971-3 at one location
in Iowa. During 1971, only 10% mated multiple times, with lower levels of
polyandry in subsequent years. In an earlier study in Iowa, Pesho (1961) found
that 65-100 % of females had mated and up to 43% had mated more than once.
A population in southwestern Ontario averaged 73% mating and 37% polyandry
for the 5-year period from 1971-5, a higher rate of polyandry than during the
same period in Iowa (Elliot, 1977). In this note, we amplify these previously
published results by reporting the mating status of female O. nubilalis captured
in light traps in Minnesota, Kansas and Texas. We also provide evidence that
some females in natural populations may be sperm-limited.
____________________
Female O. nubilalis were collected alive using BioQuip black light traps
throughout the entire second flight period during the summers of 1999 and
2000. Traps were suspended above grassy areas next to corn fields at least 200
m from another trap. Collection intensity varied among sites, but was constant
within sites. At Rosemount, MN samples were collected 3-5 nights a week from
4 traps, at Lamberton, MN samples were collected 2-3 nights a week from 6
traps, while in Garden City, KS and Edmonson, TX, samples were taken 1-3
nights a week from 1 or 2 traps. In most samples, ≈ 4 adults were caught per
trap-night, and the highest densities were at Rosemount during 2000. While it
is possible that females mated in the traps before we collected them during the
morning, we note that the highest captures of unmated females were from the
Rosemount 2000 samples (see results).
Moths were placed in individual cages (8.5 cm diam. × 6.5 cm) in a walk-in
growth chamber, 16L:8D, 29:15 °C and 80% RH, and provided water (1999) or
both water and sugar/agar diet (2000) (Leahy and Andow 1994). Females were
allowed to oviposit on waxed paper sheets until the female died. Dead moths were
dissected to determine the number of spermatophores in the bursa copulatrix,
and the presence or absence of eggs in the ovaries. Spermatophore counts are
commonly used to study mating frequency in O. nubilalis (Drecktrah and Brindley
1967; Showers et al. 1974; Fadamiro and Baker 1999). Abdomens were placed in
10% KOH for 1.5 hours to soften the tissue. Although KOH can clear insect cuticle,
at the low concentration and short time exposure we used, it probably did not clear
or digest existing spermatophores from our samples, because abdomens removed
from KOH retained pigmented abdominal cuticle, ovarian tissue, some fat body
tissue, and a pigmented, intact bursa copulatrix. The presence of eggs in the
ovaries was noted, and the number of spermatophores counted in the bursa
copulatrix. Occasionally clear, completely unsclerotized spermatophores were
observed. Dissection results for each moth were matched with her oviposition
record to determine if she laid eggs and if those eggs were viable. Mating history
1
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was scored as the number of spermatophores in the bursa. Oviposition history was
scored as no, sterile, or fertile eggs laid. Ovary condition in abdomens were scored as
either having mature eggs or not.
Each locality and year combination was treated as a different collection.
The number of females was the response variable, and the effects of mating
history, ovary condition, oviposition history and collection were analyzed by loglinear contingency table analysis (SAS 1999). We pooled the data by combining
the 2 and 3 spermatophore categories into one “multiply-mated” category. Only
9 females were observed to have 3 spermatophores.
There was significant variation among collections in mating history (g2 =
18.38, df = 8, P = 0.0186) (Table 1). Polyandry varied from 7.0% (Texas 2000) to
15.1% (Lamberton 2000), and females without a detectable spermatophore ranged
from 17.1% (Kansas 2000) to a high of 38.3% (Rosemount 2000) (Table 1). The
range of variation is similar to that previously reported (Pesho 1961, Showers et
al. 1974, Elliot 1977). A higher proportion of females were mated at Lamberton
during 2000 than during 1999 (Table 1). The observed variation in spermatophore number may have been related to differences in male density or sex ratio
(Elliot 1977) with lower mating associated with a relative scarcity of males, but it
was probably also related to other factors, such as female age (Fadamiro and
Baker 1999), egg load and spermatophore size (Royer and McNeil 1993).
The only other statistically significant effect was the relation between
ovary condition and mating history (g2 = 20.35, df = 2, P < 0.0001) (Table 1).
Most females without eggs in their ovaries at death had a spermatophore (85.6%),
while 50.9% of the females with eggs had no spermatophore. It is not surprising
that many unmated females did not lay any eggs, while mated females laid all
of their eggs before dying. Male ejaculate in many Lepidoptera stimulates
oocyte development and oviposition (Gillott 2002).
We observed that 30.0% (158/529) of all field-collected females with detectable spermatophores did not lay fertile eggs in the laboratory environment
(Fig. 1). Of these, 28.5% (45/158) had no eggs in their ovaries at death, which
implies that they either resorbed their eggs or had no eggs to lay (perhaps
having laid them all prior to capture). However, 43.0% (68/158) laid only infertile eggs, which suggests that some females are sperm-limited in the field. In
addition, 28.5% (45/158) had eggs in their ovaries but refused to lay any eggs.
We had supplied similar females additional mates in the laboratory, but most
still did not oviposit (Bourguet et al. 2003), which indicates that these females
may have refused to oviposit under laboratory conditions. It is also possible
that these females had mated with poor quality males and had not been induced to mate (Gillott 2002).
We also observed 23 females that had no detectable spermatophore that
laid viable eggs. As we noted in our methods, we are unlikely to have destroyed
or missed observing a spermatophore in the bursa copulatrix. We observed
considerable variation in the degree of sclerotization of the spermatophores, so
we suggest that a small proportion of spermatophores are completely digested
by some females.
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Total

Multiple

100
(117)

(183)

(13)

(15)
100

11.1

(84)

(124)
8.2

71.8

67.8

(20)

(44)

1

17.1

24.0

0

Kansas
2000

Lamberton
1999

Number of
Spermatophores

(73)

100

(11)

15.1

(49)

67.1

(13)

17.8

(303)

100

(41)

13.5

(146)

48.2

(116)

38.3

Lamberton Rosemount
2000
2000

Location and Year

(57)

100

(4)

7.0

(42)

73.7

(11)

19.3

Texas
2000

(464)

100

(71)

15.3

(326)

70.3

(67)

14.4

Absent

(269)

100

(13)

4.8

(119)

44.2

(137)

50.9

Present

Eggs in Ovaries

(733)

100

(84)

11.5

(445)

60.7

(204)

27.8

Total

Table 1. Percent of Ostrinia nubilalis females (number in parentheses) categorized by the number of spermatophores present in the
bursa (Multiple = 2+ spermatophores), location and year, and absence or presence of eggs in the ovaries.
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Figure 1. Number of Ostrinia nubilalis females (raw data) for each spermatophore
class (0, 1, 2+ spermatophores (spt) in the bursa), categorized by collection (location and
year), oviposition history in the laboratory (F = fertile eggs laid, S = sterile eggs laid, N =
no eggs laid), and presence (+) or absence (-) of eggs in the ovaries at the end of life.

REFERENCES
Bourguet, D., J. Chaufaux, M. Séguin, C. Buisson, J. L. Hinton, T. J. Stodola, P. Porter,
G. Cronholm, L. L. Buschman, and D. A. Andow. 2003. Frequency of alleles
conferring resistance to Bt maize in French and US corn belt populations of the
European corn borer, Ostrinia nubilalis. Theor. Appl. Genet. 106: 1225-1233.
Drecktrah, H. G. and T. A.Brindley 1967. Morphology of the internal reproductive
systems of the European corn borer. Iowa State J. Sci. 41: 467-480.
Elliott, W. M. 1977. Mating frequency of the female European corn borer, Ostrinia
nubilalis (Lepidoptera: Pyralidae), in southwestern Ontario. Can. Entomol. 109:
117-122.
Fadamiro, H. Y. and T. C. Baker 1999. Reproductive performance and longevity of
female European corn borer, Ostrinia nubilalis: Effects of multiple mating, delay
in mating, and adult feeding. J. Insect Physiol. 45: 385-392.
Gillott, C. 2002. Insect accessory reproductive glands: Key players in production and
protection of eggs, pp. 37-59. In M. Hilkers and T. Meiners (eds.) Chemecology of
insect eggs and egg deposition. Blackwell: London.
Leahy, T. C. and D. A. Andow 1994. Egg weight, fecundity, and longevity are increased by adult feeding in Ostrinia nubilalis (Lepidoptera: Pyralidae). Ann.
Entomol. Soc. Am. 97: 342-349.
Pesho, G. R. 1961. Female mating patterns and spermatophore counts in the European corn borer. Proc. North Central Branch Entomol. Soc. Am. 16: 43.
Royer, L. and J. N. McNeil 1993. Male investment in the European corn borer,
Ostrinia nubilalis (Lepidoptera: Pyralidae): Impact on female longevity and reproductive performance. Funct. Ecol. 7: 209-215.
SAS. 1999. Statistical Analysis System. SAS Institute, Cary, NC.
Showers, W. B., G. L. Reed and H. Oloumi-Sadeghi. 1974. Mating studies of female
European corn borers: Relationship between deposition of egg masses on corn
and captures in light traps. J. Econ. Entomol. 67: 616-619.

160

THE GREAT LAKES ENTOMOLOGIST

Vol. 36, Nos. 3 & 4

EGG PRODUCTION IN THE BOXELDER BUG BOISEA TRIVITTATA
(HEMIPTERA: RHOPALIDAE)
Karin A. Grimnes1, Deborah Miller1 and Aaron J. Wyman1

ABSTRACT
Boxelder bug females emerged from overwintering sites in the spring and
rapidly provisioned eggs with yolk materials. Five discrete egg stages were
identified based on egg size, protein content, and degree of chorion sclerotization. Females did not accumulate yolk materials into the egg until after melanization was completed, as unmelanized animals rarely possessed even stage 2
eggs. All adult females entering overwintering sites possessed only immature
stage eggs (stage 1 and 2). The rate of egg vitellogenesis in the spring was rapid;
a major change in numbers of more mature stage eggs (stage 3 and above) in the
ovary occurred within approximately 6 days. Most mating pairs recovered in the
field (92%, 12/13) possessed ovaries full of eggs in stages 3, 4 or 5. The remaining female contained only immature eggs of stage 1 and 2. This finding indicates that fully provisioned ovaries are not an absolute requirement for mating
to occur. The signals that initiate vitellogenesis and control the movement of
materials from fat body into eggs are unknown for the boxelder bug.
____________________

INTRODUCTION
Boisea trivittata (Say) is considered a pest species whose primary impact
is one of nuisance to the homeowner when the aggregating bug swarms reach
huge proportions. These insects usually do not cause economic damage, although they occasionally damage fruit such as strawberries (see Wheeler 1982).
The boxelder bug can be univotine or bivoltine, depending on prevailing
weather patterns. Even bivoltine populations can fail to mature a fall generation if the year is not warm enough for insects to enter overwintering sites as
adults (Yoder and Robinson 1990). Midwestern populations appear to have
predictable seasonal behavior (as summarized below from Smith and Shepherd
1937 and Tinker 1952). Boxelder bugs emerge in spring (March and April) and
feed on available foliage as well as Acer negundo L. buds and stems. Mating
occurs on warm spring days in April and May. Eggs are laid in clusters on
substrates such as young leaves, bark and man-made structures in April and
May and again in June and July. Nymphs occur between approximately May
and Oct, with adults present in June and July and again in September until the
hard frost dates in October that kill unprotected insects.
Although seasonal occurrence of eggs has been tracked for various populations, reports have been limited to observations of eggs laid on substrates (Smith
and Shephard 1937, Tinker 1952, Yoder and Robinson 1990). Descriptions of
ovarian anatomy (Payne 1936, Woolley 1949) mention the presence of eggs, but
do not quantify them in any way. Identification of discrete stages in the egg
provisioning process is needed to determine seasonal development, as is the
relationship between melanization and egg provisioning during movement of
resources from the fat body to the ovary.
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In this paper, we identify discrete stages of the egg provisioning process
and examine the relationship between egg provisioning and melanization. A
thorough understanding of these processes are necessary to characterize seasonal egg development in the boxelder bug.
MATERIALS AND METHODS
The study site was adjacent to Lang’s Veterinary Clinic (T12N, R3W, Sec.
29, Pine River Township) in Gratiot County, Michigan where a large population
of boxelder bugs was established. This site contains numerous pistillate boxelder
trees (Acer negundo). The initial collections were made during the active seasons of 1990 through 1992 and supplemented during 1994 and 1999. Insects
were collected and preserved in 70% ethanol. Live boxelder bugs also were
collected and transported to the laboratory. These bugs were maintained at
room temperature (27 ± 2°C) in 150 mm Petri dishes with boxelder tree leaves
inserted into tubing filled with 10% maple syrup (V/V) diluted with water
(Bouldrey and Grimnes 1995).
Mature preserved field-collected females were dissected in 70% ethanol,
and the eggs were separated from ovarian tissue. Egg length and width were
measured with an ocular micrometer and notes on coloration, opacity, and chorion
formation were made. We knew that dealing with tissue in alcohol would give us
slightly smaller values than fresh material, but we felt it was necessary to allow
eventual analysis of previously preserved insect samples.
The protein content of eggs was determined using the Lowry Assay (Lowry
et al. 1951). Individual eggs (N = 25 per stage) were homogenized in 0.5 ml
water using a glass homogenizer and the Lowry Assay was performed immediately. Bovine serum albumen (BSA) was used as the protein standard.
For the melanization study, newly eclosed adults (completely bright orange) were collected daily from the field or from laboratory populations of fifth
instar animals. They were maintained at 27 ± 2°C in the lab and observed
hourly. Pictures were drawn noting the changes that occurred as the animals
darkened and hardened. Approximate duration of the process was estimated by
combining data from identically staged animals.
Analysis of variance was performed on the data using the JMP statistical
program (SAS Institute 1998). Comparison of means was accomplished with
the Tukey-Kramer’s HSD statistic.
RESULTS AND DISCUSSION
Egg stage characterization. We were able to visually differentiate five
stages of eggs from mature females on the basis of color, shape and the presence
and degree of chorion sclerotization (Table 1). Eggs laid on substrates were
labeled as stage 6 eggs. Eggs changed shape from round to oval, changed color
from translucent white to milky white indicating accumulation of yolk materials, and began/completed chorion formation and tanning. Although the chorion
appeared brown in the alcohol-preserved specimens, our observations of freshly
laid eggs indicated the true color at laying was a light tan color that darkened
progressively to red as noted in other studies (Smith and Shepherd 1937, Yoder
and Robinson 1990).
An ANOVA was performed on egg length and width for all stages (Table
1). Egg length varied significantly with egg stage; however, all pair-wise comparisons with Tukey-Kramer HSD revealed that stage 3, 4 and 5 egg lengths
were not significantly different from each other. A similar (but not identical)
pattern was noted for width which was significant across stages overall; although stage 3 and 4 eggs overlapped in size, stage 5 eggs were significantly
narrower than either stage 3 or 4 eggs. The correlation between egg length and

308 ± 64a
806 ± 179b
1632 ± 130c
1568 ± 69c
1590 ± 63c
1556 ± 8c2

Egg Length (µm)
284 ± 62a
560 ± 112b
996 ± 105c
994 ± 58c
926 ± 30d
907 ± 13d2

Not Determined
8.4 ± 1.1a
21.5 ± 1.1b
28.7 ± 1.8b
68.6 ± 4.0c
76.8 ± 1.8c

Egg Width (µm) Protein content (µg/egg)
small, round, translucent, non-vitellogenic
square-shaped, white, non-vitellogenic
oval, white, vitellogenic
chorion light tan, subtle hatch line
chorion dark brown, obvious hatch line
laid eggs taken from Acer negundo leaves

Description of egg stage

1
N = 25 eggs/stage unless otherwise noted; means sharing a letter within a column are not significantly different at P < 0.05 in the
Tukey-Kramer HSD test.
2
N = 15 eggs/stage

1
2
3
4
5
6

Egg Stage1

Table 1. Characteristics of Egg Stages in Boisea trivittata using JMP analysis (Mean ± SE)
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width was substantial in linear regression analysis (Fig. 1, regression formula of
egg width = 0.14 + 0.51 × (egg length), r2 of 0.89). When all egg stages were
graphed together, stage 2 eggs formed a discrete collection of data points and
there were no intermediates between stage 2 and stage 3 eggs. This suggests that
the process of vitellogenesis and egg material uptake occurs very rapidly. In
addition, stage 3 and 4 eggs were somewhat variable and overlapped in size.
However, stage 5 eggs consistently were located in the center of the general “cloud”
of stage 3 and 4 eggs. As the chorion hardened and darkened in stage 5, the eggs
became compressed, possibly by the elimination of water because protein levels
still were increasing between stage 4 and 5 (data given below). Eggs laid on
substrates (stage 6) were not significantly different in size from stage 5 eggs. No
attempt was made to determine fertilization rates in this study.
Protein content analysis. Analysis of protein levels for eggs at all stages
was performed with the Lowry Assay. This assay detects free amino acids after
digestion, but does not hydrolyze proteins that have been cross-linked into either chorion or the exoskeleton of the developing embryo. Preliminary data
indicated that levels of protein found in stage 1 eggs (under 1 µg/egg) were too
low to measure reliably so this stage was not analyzed fully. An ANOVA revealed that protein content increased from stage 2 eggs to stage 5 eggs (Table 1).
Stage 6 (laid eggs) had a slightly higher protein content but this value was not
significantly different from stage 5 protein levels. Stage 3 and 4 eggs overlapped in detectable protein in the Lowry Assay.
Protein levels increased as egg sizes (and provisioning rates) declined
between stage 3 and stage 5 eggs. Thus, it is possible that non-protein nitrogen
sources already present in stage 3 eggs were being incorporated into amino
acids/proteins detectable by the Lowry Assay as the eggs progressed to stage 5.

Figure 1. Boisea trivittata egg sizes identified by stage (N = 25 for each stage)
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In addition, general increase in protein synthesis during these stages must
outpace proteins lost into chorion formation. Hatchling protein content dropped
below stage 6 by 30% (data not shown), possibly due to protein digestion or to
cross-linking of proteins during exoskeleton formation.
Melanization study. Newly molted adults progress through a series of
identifiable stages before becoming completely melanized and indistinguishable from older adult animals. The scale began with non-melanized newly eclosed
adults that possessed orange bodies and incompletely expanded wings. The
next steps (in order) were the full expansion of wings, the appearance of a ring
around the ocellar spot, body coloration darkening from orange to brown to
black, ventral head area fully darkened, and the sub-buccal area becoming fully
darkened. Smith and Shephard (1937) noted which areas of the bugs became
melanized, but no order for the process was given.
Newly molted boxelder bugs (N = 6) progressed to full melanization in
approximately 5-6 hours (at 27 ± 2°C). Thus, any field-collected insect that
lacked fully darkened coloration on the underside of the head was considered
incompletely melanized (molted within the past 24 hours). Animals collected in
the last stage prior to full melanization were dissected, and their eggs were
classified as to stage and size. Most eggs were in stage 1 of development. Of the
66 insects analyzed, only 3% (2/66) contained any stage 2 eggs, which constituted about 1% (7/676) of the total egg number. These data indicate that melanization occurred prior to egg provisioning.
Egg kinetics. Preliminary seasonal analysis of egg stages indicated that
boxelder bugs approaching overwintering (September and October collection
dates, N = 10 for each date) contained only stage 1 eggs (100%) and had abundant fat body stores when dissected. Animals emerging during early spring had
depleted fat body stores (N = 10) and no eggs in advanced egg stages of development (stage 3 or beyond). Numbers of more mature eggs (stages 3, 4 and 5)
substantially increased within females collected 5-7 days later (N = 10), approximately three weeks after the first spring emergence dates. Females at this
time contained abundant fat body material, presumably due to spring feeding.
The mobilization of resources from the fat body to the ovary is by inference; the
vitellogenesis process has not yet been characterized.
Mating pairs collected in the field were analyzed for presence of vitellogenic
eggs at stage 3 or greater. Of twelve mating pairs thus analyzed, 11 females
(92%) had advanced eggs; the remaining female possessed only stage 1 and 2
eggs. Although these data suggest that fully provisioned eggs are not an absolute requirement for the mating process, the precise relationship between mating and onset of vitellogenesis has yet to be determined.
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DAMAGE POTENTIAL OF ROSE CHAFER AND JAPANESE BEETLE
(COLEOPTERA: SCARABAEIDAE) IN MICHIGAN VINEYARDS
Rodrigo J. Mercader1 and Rufus Isaacs2

ABSTRACT
Responses of young non-fruiting grapevines, Vitis labrusca (L.) var.
‘Niagara’, to defoliation were examined at two stages of vine growth when beetles
typically infest vineyards. In the first experiment, vines were caged and subjected to two weeks of feeding by 0, 10, 20, or 40 adult Macrodactylus subspinosus
Fabricius (Scarabaeidae: Macrodactylini) during bloom, or to the same range of
adult Popillia japonica Newman (Scarabaeidae: Anomalini) during veráison,
when berries begin changing color. Leaf area removed increased with beetle
density, but less than 1% of the leaf area was removed at the highest density of
M. subspinosus, and less than 7% at the highest density of P. japonica. Vine
growth measurements taken during the year of injury and prior to bloom during
the following season indicated no significant impacts of this leaf injury on vegetative growth. In the second experiment, mechanical injury was induced by
removing 0, 10, 20, or 30% of the total leaf area of every fully expanded leaf at
bloom or veráison. A significant effect of mechanical injury at bloom was found
on cane diameters when measured at veráison, indicating that a carbon source
limitation was induced in these vines. By the time of leaf loss, cane diameters
were not significantly different across treatments, indicating that vines may
have been able to compensate for the earlier defoliation. Injury at veráison had
no significant effect on vine growth parameters. These results suggest that
young ‘Niagara’ vines are able to tolerate foliar injury far exceeding that caused
by two weeks of exposure to 40 beetles of either species. Surveys of Michigan
vineyards containing different grape varieties indicated that although both beetle
species could be found in high abundance, leaf injury levels were low. The implications for management of beetle foliar herbivory in vineyards are discussed.
____________________
The rose chafer, Macrodactylus subspinosus (Fabricius) (Scarabaeidae:
Macrodactylini), and the Japanese beetle, Popillia japonica Newman
(Scarabaeidae: Anomalini), are two leaf skeletonizing scarab beetles which are
considered pests of economic importance in vineyards of eastern North America.
Emergence of adult rose chafers coincides with grape bloom in most of the beetle’s
geographic range, while Japanese beetle emergence overlaps with veráison (when
berries begin changing color). The rose chafer and Japanese beetle are both
gregarious species attracted to conspecifics and feeding induced leaf volatiles
(Leal 1998, Heath et al. 2002). This behavior leads to large aggregations on
suitable host plants, creating visually apparent infestations in vineyards and
other affected crops. In response to these infestations, both species are controlled by insecticide sprays (Wise et al. 2003; Isaacs et al. 2004) to prevent leaf
injury.
The detrimental effects of foliar herbivory are often attenuated by plant
compensatory responses to foliar injury (Trumble et al. 1993). In grapevines,
several studies have indicated that tolerance to foliar injury may be particularly
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high (Boucher and Pfeiffer 1989, Candolfi-Vasconcelos et al. 1994, Petrie et al.
2000a,b), and therefore foliar injury may often be below levels that impact vine
growth and productivity. The relationship between the level of herbivory and the
impact on Vitis labrusca (Linnaeus) growth and production is not well understood, particularly in young establishing vineyards that typically do not have a
crop. However, in bearing vines, Boucher and Pfeiffer (1989) found that natural
infestations of Japanese beetle failed to have any significant impacts upon fruit
quality, quantity, or growth of Vitis vinifera (Linnaeus) var. ‘Seyval Blanc’, whereas
artificially-enhanced infestation during veráison caused some reduction in fruit
quality. In addition, young fruitless vines have been shown to tolerate high
levels of mechanical and beetle-caused defoliation, and that injury early in the
growing season can compromise the vine’s ability to tolerate injury later in the
season (Mercader and Isaacs 2003, 2004).
Plant responses to foliar injury may be affected by the seasonal change in
demands placed upon the available carbohydrate sources and reproductive sinks.
The relative sink strength of various tissues in grapevines changes significantly
throughout the growing season, in accordance to their physiological stage of
development, or phenophase (Williams and Matthews 1990). In young woody
plants, including grapes, relatively few clusters are produced. Indeed, viticultural
recommendations include cluster removal in the first years of growth to ensure
that energy is directed toward vine establishment (Zabadal 1997). The lack of
fruit as carbohydrate sinks may create a differential response to foliar herbivory late in the season in young plants when compared to mature fruiting
plants.
While vineyards are being established and no fruit is cropped, the photosynthetic and storage tissues act as the main sources of carbon, while actively
growing tissues and injured tissues act as the main sinks. During and prior to
bloom, there is active vegetative growth in mature grapevines but by veráison,
shoot and leaf growth slows considerably (van Zyl 1984, Williams 1987). Because of this variation in the production and need for carbohydrates by different
vine tissues, there is a low carbon source and high carbon sink strength during
bloom, whereas during veráison there is high source and low sink strength.
Foliar injury at bloom is therefore expected to cause greater reduction of carbon
assimilation and growth in non-bearing potted vines than injury at veráison, as
demonstrated recently for potted V. labrusca vines (Mercader and Isaacs 2003).
Young fruitless ‘Niagara’ vines have also been shown to have greater tolerance
to foliar injury at veráison than at bloom during establishment in Michigan
vineyards (Mercader and Isaacs 2004).
Variation in feeding intensity across grape cultivars has been demonstrated for leafhoppers (Martinson and Dennehy 1995), with greatest feeding
injury generally in V. vinifera, intermediate injury in hybrid cultivars, and the
least in native North American cultivars including V. labrusca. Japanese beetle
has distinct interspecific variation in host plant preference (Fleming 1976) and
has intraspecific preference within some agricultural crops, including apple
(Ranney and Walgenbach 1992).
Management of foliar herbivores on grapevines requires an understanding of the vine’s ability to tolerate feeding and the vine’s relative susceptibility
to feeding. This study examined the response of young (1 yr after planting) grape
vines, Vitis labrusca L. var. ‘Niagara’, to varying levels of beetle and mechanical
defoliation during bloom and veráison. Our goals were to quantify the level of
feeding by M. subspinosus and P. japonica on young V. labrusca vines, and to
determine the response of young grapevines to different levels of mechanical
and beetle injury during the different phenophases. In addition, we surveyed
vineyards in viticultural regions of Michigan to quantify potential pest pressure
by both species and the relative preference of Japanese beetle for different grape
varieties.
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MATERIALS AND METHODS
Beetle injury. These experiments were conducted in a V. labrusca var.
‘Niagara’ vineyard planted in 1999, at the Trevor Nichols Research Complex in
Fennville, Michigan. Two shoots from two canes (total of four shoots) of each
vine were trained onto a 1.37 m high bilateral cordon Hudson River Umbrella
trellis system. There were seven vines per row, with 1.8 m between vines and 3
m between rows. Vines were maintained using 45.5 kg of Urea fertilizer (46%
Nitrogen) per acre applied on 16 March 2000 and 102.3 kg of urea per acre on 25
March 2001, and a standard plant protection program (Gut et al. 2002), except
on rows where vines were caged with beetles. On these rows, no insecticides were
applied at least one month prior to beetles being caged on vines and insecticide
and fungicide applications were postponed until cages were removed, after which
carbaryl was used to protect vines from subsequent beetle injury. Bloom and
veráison were marked on neighboring cluster bearing vines.
Four densities of rose chafer or Japanese beetles were maintained inside
caged vines during bloom or veráison of 2000, respectively. Four vines in a row of
seven vines were selected with a cane length between 0.5 m and 1 m. Cages containing 0, 10, 20, or 40 beetles were placed on selected vines within a row for two weeks
during bloom or veráison. Treatments were arranged as two randomized complete
block designs (one for bloom and one for veráison) with ten replicates each. During
bloom, vines were infested using adult rose chafers collected from traps (Great
Lakes IPM, Vestaburg, Michigan) in Oceana County, Michigan. During veráison,
Japanese beetles were collected from traps (Trécé Inc., Salinas, California) in Allegan
County, Michigan. For both beetle species, traps were emptied the day before beetles
were collected, so that only recently-caught beetles were used. To ensure beetle
densities remained constant in cages, beetles were counted every other day and any
dead beetles were replaced with live ones. Cages consisted of a highly porous bridal
illusion plastic mesh (Fabric Gallery, Williamston, Michigan) draped over the trellis and suspended from a 0.3 m radius horizontal wire ring taped onto the trellis.
Mesh was fastened to the base of the vine with garden wire and the side of the cage
was sealed with binder clips. This created a cone-shaped cage that encased all of the
above-ground vine tissues, and allowed for plant growth and beetle movement.
Vines were larger during veráison so the ends of the cage were expanded along the
trellis to encompass the entire vine.
Adult rose chafers were placed on vines on 20 June 2000 and removed on
4 July 2000. The level of defoliation was determined within 5% using visual aids
adapted from those used by Boucher and Pfeiffer (1989). Cane and trunk diameters were measured using Vernier calipers at bloom (19 June), veráison (30
August), and leaf senescence (29 October), and prior to bloom the following
season (9 May 2001). The number of mature nodes was determined after leaf
loss (11 November).
Adult Japanese beetles were placed on separate vines on 3 August, 2000
and removed on 17 August 2000, and the level of defoliation determined. On
these vines, cane diameters were measured just prior to veráison (26 July) and
at leaf senescence (29 October). The number of mature nodes was determined
after leaf loss (11 November).
Vines injured by beetles in 2000 were pruned to 15 nodes per cane (30
total) between 26 January and 6 February 2001. For each vine, the weight of
mature cane prunings (pruning weights) was determined by bundling and weighing them with a digital scale in the field. This provided a measure of the vine’s
overall growth during the season in which injury occurred. To determine the
possible second-year impacts of beetle feeding on vine storage, growth parameters were measured prior to bloom in 2001, the season after caging. We recorded the diameters of canes and trunks (9 and 14 May 2001, respectively), and
the number of nodes remaining dormant after the 16-inch shoot growth stage
had been reached (22 May 2001).
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Mechanical Injury. To determine the effect of leaf area loss during bloom
and veráison on vine development, vines were subjected to mechanical injury
during each of these phenophases. Either 0, 10, 20, or 30% of the total leaf area
was removed from every fully-expanded leaf during bloom or veráison (Fig. 1).
Leaf area was removed using 38.5 mm2 hole punchers, avoiding all major veins.
This was done to imitate the interveinal nature of beetle feeding and to avoid
the differences in photosynthetic impact caused by interveinal injury when compared to whole leaf removal or treatments causing vein damage (Hall and Ferree
1975, Boucher et al. 1987). To ensure appropriate injury levels, visual aids were
used while applying treatments.
For vine defoliation treatments during bloom, thirty-two vines with cane
height between 0.5 m and 1 m were separated into two blocks of 16 plants each.
Within each block, selected vines were randomly assigned to one of the four
injury levels, creating eight replicates of each treatment. These vines were injured at bloom to the appropriate level between 15 and 23 June 2000.
Larger canopy size during veráison restricted the number of vines that
could be treated, and only four replicates were possible. Four vines from a row of
seven were selected (vines with cane height between 0.5 m and 1 m) and randomly assigned to one of the four injury levels (0, 10, 20, or 30% defoliation),
which were each replicated four times. Each row was considered a block in a
randomized complete block design. These vines were injured on 14 and 15 August, 2000 in an identical fashion to vines injured during bloom.
During the 2000 growing season, vine vegetative growth parameters were
measured at trace bloom (13-14 June), at veráison (6-11 August), and at leaf
senescence (21 October). On each vine, the number of nodes on every shoot was
counted and the cane diameters were measured. In addition, the number of
mature nodes was counted and the total shoot length was measured on each
shoot after leaf loss (10-11 November).
On 16 and 26 January 2001, all vines were pruned to 15 nodes per shoot
and the pruning weights recorded as described above. Prior to bloom in the
season following injury (2001) the diameter of canes and trunks (9 May) and the
number of nodes remaining dormant after the 16 inch shoot growth stage had
been reached (22 May) were recorded on all vines.
Statistical Analysis. Vine growth data were analyzed as one-way blocked
ANCOVA (PROC GLM, SAS Institute, 1999). Cane diameters measured prior to
applying treatments were used as covariates as there was an a priori assumption
that cane diameter, as a surrogate for size, would have a significant relationship

Figure1. Leaves of ‘Niagara’ grapevines after using a hole-puncher to apply mechanical damage treatments to remove 10, 20, or 30% of the interveinal leaf area.
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with growth. This assumption was verified by cane diameter being statistically
significant in all the analyses (data not shown). Blocks of vines mechanically
damaged at bloom consisted of two rows in a generalized randomized complete
block design. Blocks in beetle injured vines and vines damaged mechanically at
veráison consisted of single rows in a randomized complete block design. The
discrepancy between mechanical damage experiments was due to vine size at
veráison restricting the number of vines that could be damaged. Mean separations were performed where appropriate using the Student Newman-Keuls method.
Vineyard sampling for beetle defoliation. Boucher and Pfeiffer (1989)
previously showed little injury from Japanese beetle feeding in Seyval Blanc
vineyards in Virginia so in this study, vineyards were chosen in which significant beetle injury had occurred in the past. These vineyards tend to be small
vineyards where edge effects are exaggerated; thereby vineyards in this study
indicate the high end of beetle infestations.
Rose chafer. Three vineyards in Grand Traverse County, Michigan were
sampled during June and July 2002 for rose chafer. The first of these vineyards
was planted with Vitis vinifera (L.) cv. ‘Chardonnay’ and the French-American
hybrid ‘Vignoles’. Rose chafer populations were greater next to the Chardonnay
vines, where the soil was sandy. Samples were taken on the edge row and on
three randomly-chosen rows of Chardonnay, and on the first row of Vignloes and
three other randomly chosen rows of this cultivar. Within each row, four vines
were randomly chosen and the number of beetles per vine was counted on 26
June 2002 when beetles were first noticed on vines. On 3 July 2002, the number
of beetles, defoliation index, number of injured leaves, total number of clusters,
and the total number of clusters injured were measured. The defoliation index
was measured as a percentage of leaf area following Boucher and Pfeiffer (1989),
where images of leaves injured to 10, 20, 30, 40, 50, and 60 % were carried by the
observer and each injured leaf was scored for injury to the nearest 5%. These
values were then summed to calculate the defoliation index for each vine. Feeding injury by rose chafers to clusters was scored by assigning each cluster on the
four sampled vines to one of four injury categories of 0, 1-33 (33%), 34-66 (66%),
and 67-100% (100%) of the flowers injured. All values were averaged for each
vine to provide a cluster injury index.
The second and third vineyards consisted of the French-American hybrid
Marechal Foch and Chardonnay cultivars, respectively. In both sites, four rows were
sampled starting with the edge row where rose chafer pressure was considered
highest by the grower and three other randomly chosen rows within the vineyard. As
with the first vineyard, four plants were chosen per row and sampled for number of
beetles on 27 June and again on 4 July 2002 for number of beetles, total leaves,
defoliation index, total clusters, and cluster injury index, as described above.
Japanese beetle. The first site sampled for Japanese beetle was a backyard planting consisting of individual rows of French-American hybrid cultivars;
Frontenac, Cayuga White, Marechal Foch, Golden Muscat, Seyval Blanc, and V.
labrusca c.v. Niagara and Concord. On 11 July 2002 the number of beetles and the
defoliation index (as described above) was recorded on 7-9 vines of each cultivar.
Defoliation was measured on vines in four small commercial vineyards
consisting of several different varieties per site. The first vineyard sampled
consisted of individual rows of V. vinifera (L.) var. Chardonnay, and the FrenchAmerican hybrids Vignoles and Seyval Blanc. Here, 20 vines of Chardonnay, 20
vines of Seyval, and 40 vines of Vignoles were sampled. For each cultivar, four
vines were randomly selected from an edge row and from four or more randomlyselected interior rows. The second vineyard sampled consisted of V. labrusca cv.
Niagara and Concord, and the French-American hybrid Delaware. Twenty vines
of each variety were sampled as above, with the exception that no edge row
existed for Delaware vines and therefore 5 randomly-chosen rows were sampled.
The third vineyard sampled consisted of V. labrusca cv. Concord and French-
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American hybrid Vanessa. Twenty four vines of each variety were sampled as
above. The fourth vineyard sampled consisted of a mixed planting of the FrenchAmerican hybrid Himrod and V. labrusca cv. Niagara, and a separate V. labrusca
cv. Concord planting. Himrod and Niagara vines were first season plantings and
therefore the 17 largest plants of each variety were sampled. Twenty Concord
vines were sampled as in the first vineyard.
RESULTS
Beetle Injury. The level of defoliation caused by rose chafers was minimal
even at the highest beetle density, with less than one percent of the leaf area
removed when 40 beetles were caged on a vine for 14 days. The same level of
exposure to Japanese beetle caused much greater defoliation, approaching 7% (Fig.
2). This inter-specific difference in defoliation intensity was even greater when the
relative canopy size present during veráison is considered (approximately 2-3 times
larger during veráison than during bloom). However, even at the highest beetle
density, neither beetle species had any significant effect upon the growth parameters measured. The diameter of canes on rose chafer injured vines was not significantly affected by beetle foliar injury, when measurements were taken at the end of
veráison or at leaf senescence (F = 0.75, df = 3, 26, P = 0.53, and F = 0.52, df = 3, 26,
P = 0.67, respectively). In addition, there was no significant effect of foliar herbivory
on above-ground growth in the year of injury, whether measured as the number
of mature nodes after leaf loss (F = 0.31, df = 3, 26, P = 0.82) or pruning weights
(F = 1.09, df = 3, 26, P = 0.37). Growth parameters measured prior to bloom the
following season (2001) also indicated no impact of rose chafer injury; cane diameters and number of shootless nodes were not impacted by the treatments imposed
(F = 0.64, df = 3, 26, P = 0.60 and F = 0.42, df = 3, 26, P = 0.74 respectively).
On vines subjected to Japanese beetle feeding, a similar result was found;
cane diameters measured at leaf senescence (F = 1.06, df = 3, 26, P = 0.38),
mature node numbers measured at leaf loss (F = 1.26, df = 3, 26, P = 0.31), and
pruning weights (F = 0.55, df = 3, 26, P = 0.65) did not differ significantly when
vines were injured by Japanese beetles. Growth parameters taken prior to bloom
the following season (2001) also indicated no impact of Japanese beetle injury;
cane diameters and number of shootless nodes for Japanese beetle injured
vines were not impacted by the treatments imposed (F = 0.81, df = 3, 26, P = 0.50
and F = 0.87, df = 3, 26, P = 0.85 respectively).

Figure 2. Percent defoliation
of total vine canopy area
caused by two weeks of
exposure to different
densities of adult rose chafer
and Japanese beetle.
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Mechanical Injury. Mechanical injury during bloom did not affect vegetative growth of the vines, measured as the number of nodes at veráison (F = 1.12,
df = 3, 25, P = 0.67). However, a reduction in cane diameter (F = 5.3, df = 3, 26,
P = 0.006) was observed on bloom injured plants, when measured at veráison
(Fig. 3). Although the 20% leaf area removal treatment was not significantly
different from the control, the overall pattern indicates that early season foliar
injury induced a source limitation, reducing the amount of resources allocated to
cane growth. When these vines were measured at leaf senescence, there were no
significant differences between treatments in the number of nodes (F = 0.21,
df = 3, 26, P = 0.89) or cane diameters (F = 2.22, df = 3, 26, P = 0.11). In addition,
total shoot length (F = 0.39, P = 0.76) and mature node number at leaf loss (F = 0.86,
df = 3, 26, P = 0.48) were not impacted by early season defoliation. The total
weight of new shoots produced, measured as pruning weights, was not affected
by defoliation at bloom (F = 1.19, P = 0.33). Finally, the diameter of canes (F = 1.39,
df = 3, 26, P = 0.27) and number of shootless nodes (F = 1.33, df = 3, 26, P = 0.29)
recorded the following season (2001) were not impacted by bloom injury treatments (F = 0.71, df = 3, 26, P = 0.56).
Mechanical injury during veráison had no significant effect upon any of the
vine growth parameters measured after leaf senescence. Cane diameters (F = 0.73,
df = 3, 8, P = 0.56), number of nodes (F = 0.97, df = 3, 8, P = 0.45), shoot length
(F = 1.49, df = 3, 8, P = 0.29), and mature node numbers (F = 0.97, df = 3, 8, P = 0.45)
were not significantly different between the different injury levels. In addition,
pruning weights were not significantly impacted by the defoliation treatments
during veráison (F = 0.24, df = 3, 8, P = 0.86). Growth measurements taken early
the following season also indicated no significant impacts of injury at veráison
on subsequent vine growth (cane diameters F = 0.5, df = 3, 8, P = 0.69 and
shootless nodes F = 0.97, df = 3, 8, P = 0.45).
Vineyard sampling for beetle defoliation
Rose chafer. Vineyard sampling detected a rapid increase in beetle abundance over a seven day period, from a maximum of 66 beetles on a single vine on
27 June to 758 on a single vine on 4 July (Table 1). Defoliation and cluster injury
were greatest on vines at edge rows, with an average of 11 injured clusters per
Chardonnay vine on the border vines in Vineyard 1, and 14 injured vines on the
border of Chardonnay in Vineyard 2. Overall, however, the level of defoliation
and cluster injury were low across the infested vineyards (Table 1).

Figure 3. Cane diameter of
vines damaged at bloom to
different levels of defoliation,
measured at veráison. Means
separation by Student
Newman Keuls method.
Treatments with different
letters are significantly
different at P < 0.05.

M.
M.
M.
M.

1
5
13
18
1
3
8
15

Vignoles
Vignoles
Vignoles
Vignoles

12
16
19
29

Chardonnay
Chardonnay
Chardonnay
Chardonnay

Foch
Foch
Foch
Foch

Chardonnay
Chardonnay
Chardonnay
Chardonnay

1
3
4
8

1
1
1
1
Maximum
1
1
1
1
Maximum
2
2
2
2
Maximum
3
3
3
3
Maximum

Variety

Row

Vineyard
6±3
30 ± 10
21 ± 11
27 ± 11
66
27 ± 11
11 ± 8
6 ±3
14 ± 4
58
2±1
0.5 ± 0.5
0±0
1 ± 0.5
4
81 ± 23
4±3
6±4
11 ± 6
120

# Beetles
26-27 June
427 ± 49
87 ± 48
246 ± 172
62 ± 49
758
19 ± 4
16 ± 6
11 ± 4
11 ± 2
30
14 ± 5
3 ±2
5 ±4
5 ±2
23
50 ± 9
17 ± 3
4 ±2
4 ±1
67

# Beetles
3-4 July
55 ± 25
8 ± 5.0
38 ± 36
3 ±1
145
2 ± 0.5
2 ± 0.3
2 ± 0.3
2 ± 0.1
2.9
2 ±1
0.3 ± 0.2
0.5 ± 0.4
0.4 ± 1
3.2
11 ± 5
1 ± 0.1
1 ± 0.4
1 ± 0.2
25

Defoliation
Index
200 ± 17
161 ± 29
209 ± 21
173 ± 35
249
457 ± 82
517 ± 23
515 ± 59
447 ± 59
647
509 ± 97
425 ± 60
474 ± 104
50 ± 22
775
562 ± 40
639 ± 88
463 ± 65
450 ± 47
798

Total
leaves
6±4
12 ± 6
14 ± 6
18 ± 6
36
28 ± 9
35 ± 2
38 ± 5
35 ± 4
52
30 ± 5
36 ± 4
34 ± 7
45 ± 4
51
11 ± 4
57 ± 7
58 ± 5
47 ± 4
75

Uninjured
clusters

11 ± 3
4±2
4±3
2±1
16.8
1±1
1 ± 0.4
1 ± 0.3
1 ± 0.5
3
1±1
0.5 ± 0.4
0.2 ± 0.2
0.3 ± 0.2
2.8
14 ± 3
0.4 ± 0.2
0.2 ± 0.1
1 ± 0.1
22

Injured
clusters

Table 1. Summary of vineyard surveys taken in Grand Traverse county, Michigan on 26-27 June 2002 and 3-4 July 2002 . Row
numbering begun on edge closest to rose chafer emergence. The mean number ± S.E. of rose chafers found per vine on both dates is
given along with the defoliation index, total leaf number, number of injured clusters, and number of uninjured clusters on July 3. The
defoliation index was measured on a percentage basis following Boucher and Pfeiffer (1989), and summed for each vine. Cluster injury
was scored by dividing clusters into four categories as described in the methods section. Maximum signifies the highest value scored for
an individual vine.
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Japanese beetle. Results for the four commercial vineyards sampled are
summarized in Table 2. All vineyards were treated with some insecticides by
the growers, so the results are an underestimate of the potential injury of Japanese beetle on vines. However, only a small level of defoliation was seen (Table
2) on most cultivars, though Vanessa vines received by far the greatest injury
levels. Results from the vineyard that contained multiple cultivars are summarized in Table 3. These results indicate a potential for high levels of injury from
Japanese beetle in small home plantings.
DISCUSSION
This study indicates that two of the primary scarab beetle pests of vineyards in eastern North America remove a small proportion of the leaf area on V.
labrusca vines. This level of herbivory caused no significant impact on the above
ground vegetative growth of young vines, even when 40 beetles were allowed to
feed for two weeks. In addition, mechanical removal of leaf area at much greater

Table 2 . Summary of mean defoliation indices per vine caused by Japanese beetles
in four small commercial vineyards in southwest Michigan, measured during July
2002.
Variety

Sample
Size

Defoliation
Index

Maximum

Minimum

1

Chardonnay
Seyval
Vignoles

20
20
40

14.0 ± 1.3
11.5 ± 1.2
4.5 ± 0.5

29
24
13

5
3
0

2

Concord
Delaware
Niagara

20
20
20

3.4 ± 0.5
13.5 ± 1.3
13.7 ± 2.1

7
25
38

0
5
0

3

Concord
Vanessa

24
24

4.2 ± 0.9
48.2 ± 8.4

17
153

0
8

4

Concord
Himrod
Niagara

20
17
17

4.2 ± 0.5
10.9 ± 1.2
4.2 ± 0.9

9
27
15

1
5
0

Vineyard

Table 3. Summary of mean defoliation indicies (see table 1) caused by Japanese
beetles and mean number of beetles per vine in a small backyard planting measured
11 July 2002.
Variety

Sample
Size

Concord
Niagara
Cayuga white
Frontennac
Marechal Foch
Golden Muscat
Seyval Blanc

8
7
8
6
8
9
8

Beetles on
Plants

Max

Min

Defoliation
Index

7.75 ± 2.8
10.7 ± 2.7
25.1 ± 6.8
79.3 ± 9.1
27.5 ± 7.8
24.7 ± 7.7
13.4 ± 3.8

22
24
63
119
60
75
35

0
5
7
56
4
0
3

1.2 ± 0.3
8.9 ± 0.8
8.0 ± 1.1
33.4 ± 5.2
10.7 ± 2.4
4.9 ± 0.6
11.4 ± 1.7

Max Min
2.9
13.3
13.4
55.3
21.4
8.8
22.1

0.4
6.8
4.1
15.4
5.6
3.1
6.6
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levels than that caused by beetles showed that vines were negatively impacted
by injury early in the season, but no significant impacts were found in aboveground tissues by the end of the season or at the beginning of the following season.
Vine growth between bloom and veráison resulted in approximately two
to three times the leaf area being present at veráison, compared to that at
bloom. Because mechanical injury treatments were applied on a percentage
basis, the total amount of leaf area removed during veráison far exceeded that
removed during bloom. Despite the greater leaf area removed during veráison,
no impact of this injury was observed in above-ground tissues. These results
agree with previous findings on young Vitis labrusca vines (Mercader and Isaacs
2003, 2004).
Mechanical injury to vines at bloom had a significant impact on storage
tissues, measured as cane diameters, but no impact upon shoot growth, measured as node number, when measured at veráison. This indicates that defoliation during bloom in young vines may have induced a source limitation. However, no impact upon above ground storage tissues was detected by the time of
leaf loss in the study reported here, and vegetative growth parameters measured the following season did not differ between injury treatments. Although
this study did not examine root growth, the extremely high defoliation rates
applied to the vines far exceeded that caused by 40 rose chafer beetles (Fig. 1).
These results suggest that unless exceptionally high numbers of beetles are
present, the impact on vine growth will be minimal.
The lack of any detectable effect of mechanical injury during veráison on
cane diameter or shoot growth indicates that at this point of the season, when
sink demands are low in non-fruiting vines, the creation of a source limitation is
unlikely, even with the highest injury treatments (Fig. 1). Despite the intensity
of injury applied during this period, vines with 30% leaf area removed were able
to produce enough photosynthate to mature the same number of nodes as the
uninjured vines. Furthermore, no impacts on initial growth parameters were
observed the following season, suggesting a high level of tolerance to herbivory.
We propose that mechanical injury during veráison did not affect vine
growth because non-bearing vines have relatively few sinks and a full vegetative
canopy, suggesting a sink-limitation. Other studies on grapevines have found
similar results. For example, using potted vines with and without fruit, Petrie
et al. (2000 a) found that despite a higher leaf area in non-bearing vines compared to bearing vines, no significant differences in total dry weight were found.
Furthermore, Layne and Flore (1995) have demonstrated the impact of endproduct inhibition in sour cherry, Prunus cerasus (L.), as a mechanism for sink
limitations at a whole plant level. These studies illustrate the importance of
source to sink ratios in understanding a plant’s ability to assimilate carbon,
and therefore their ability to respond to leaf area loss.
In light of the lack of significant differences in above ground growth by the
end of the season among vines in the mechanical defoliation experiment, it is not
surprising that the level of herbivory caused by beetles did not impact their growth.
This study illustrates the low level of defoliation that M. subspinosus and P.
japonica may cause on V. labrusca var. ‘Niagara’ vines. Based on these findings we
expect defoliation in establishing ‘Niagara’ vineyards to be below levels likely to
affect vineyard establishment, though longer term studies are needed.
Due to the large canopies present at veráison, the proportion of leaf area
injured by Japanese beetles in established V. labrusca vineyards ought to
have little viticultural significance, but long term studies with chronic pest
pressure are required to test this prediction. Boucher and Pfeiffer (1989) found
no effect of natural infestations of Japanese beetle (6.5% defoliation) on vine
growth or fruit quality and quantity in ‘Seyval blanc’ vines, even though these
vines had fruit as an active sink for carbon during the time of insect injury. Due
to the relatively small level of defoliation by 40 adult Japanese beetles on
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establishing vines in our study (6.4% mean defoliation in small vines, mean leaf
number at veráison = 187), we expect lower defoliation levels in established V.
labrusca vineyards than were found by Boucher and Pfeiffer (1989) on mature
‘Seyval blanc’ vines. However, viticulture in cool climates such as Michigan
requires consideration of the environmental conditions that the vines are growing in (Howell 2001). Shorter growing seasons reduce the post-harvest carbon
assimilation period, limiting the available time to recover and sequester enough
carbohydrates to tolerate cold temperatures. Cropping level is expected to be an
important factor that will impact tolerance to grapevine foliar herbivory. Further studies should include different cropping levels in order to develop ‘integrated economic injury thresholds’ for these or any other foliar pests on fruiting
grapevines under different viticultural situations.
Rose chafer density in vineyards purposefully chosen for their high infestation rates only exceeded an average 40 beetles per plants in one vineyard.
These mature vineyards had far greater leaf area than the establishing vines we
caged, and therefore with the exception of one site rose chafers are unlikely to
have had a significant impact on growth. The aggregative nature of these beetles
leads to a visually impressive infestation (R.J. Mercader, personal observation), yet the numbers rarely exceed 40 beetles per vine. Future studies on this
beetle should concentrate on their impacts upon flower clusters, as there is
potential for concern in fruiting vineyards due to feeding on flower clusters during bloom (Chittenden 1916, R.J. Mercader unpublished data). In our vineyard
surveys we found high levels of cluster injury on edge rows of two vineyards with
Chardonnay vines (Table 1). However, cluster injury levels were much lower
beyond the first row. The importance of edge effects may make the rose chafer a
pest of greater importance in small vineyards or home plantings.
It is apparent from these studies that young V. labrusca vines have a
significant ability to tolerate foliar injury, in particular after the initial vegetative growth has occurred. This tolerance was seen in above ground growth at
levels of leaf area loss far beyond the defoliation potential of 40 rose chafers or
Japanese beetles per vine. This indicates that even under intense infestations
of these two pests, the injury caused may not warrant chemical control unless
other forms of stress such as disease or drought have critically stressed the
vines. Sustainable grape production, as defined by Howell (2001), refers to maintaining the highest yields of ripe fruit per unit area without reducing vegetative
growth and doing so over a period of years at costs which return a net profit.
Within this framework, it is important to consider the unique characteristics of
the initial years of vineyard establishment in which no crop is produced, and
vines therefore have fewer carbohydrate sinks.
ACKNOWLEDGEMENTS
Our thanks to Jason Keeler, Zsofia Szendrei, Kasey Watts, and Elly Maxwell for their work on this project and Keith Mason for technical assistance. We
would also like to thank all the other members of the Small Fruit Entomology
laboratory at MSU for their help with mechanical injury treatments. We are
grateful to John Wise and the staff at the Trevor Nichols Research Complex for
providing vineyard management services and research facilities. This research
was funded by the USDA Viticulture Consortium (East) and Michigan State
University’s Project GREEEN.
LITERATURE CITED
Boucher, T. J., and D. G. Pfeiffer. 1989. Influence of Japanese beetle (Coleoptera:
Scarabaeidae) foliar feeding on ‘Seyval Blanc’ grapevines in Virginia. J. Econ.
Entomol. 82: 220-225.

2003

THE GREAT LAKES ENTOMOLOGIST

177

Boucher, T. J., D. G. Pfeiffer, J. A. Barden, and J. M. Williams. 1987. Effects of simulated
insect injury on net photosynthesis of potted grapevines. Hortscience 22: 927-928.
Candolfi-Vasconcelos, M. C., W. Koblet, G. S. Howell, and W. Zweifel. 1994 . Influence
of defoliation, rootstock, training system, and leaf position on gas exchange of
Pinot Noir grapevines. Am. J. Enol. Viticult. 45: 173-180.
Chittenden, F. H. 1916. The rose chafer: A destructive garden and vineyard pest.
USDA Farmers’ Bulletin. 721: 1-8.
Fleming, W. F. 1976. Integrating control of the Japanese beetle – a historical review.
Technical Bulletin 1545. United States Department of Agriculture, Washington DC.
Gut, L. J., R. Isaacs, J. C. Wise, A. L. Jones, A. M. C. Schilder, B. Zandstra, and E.
Hanson. 2002. 2002 Fruit Spraying Calendar. Extension Bulletin E-154. Michigan
State University Extension, East Lansing, Michigan.
Hall, F. R. and D. C. Ferree. 1975. Influence of twospotted spider mite populations on
photosynthesis of apple leaves. J. Econ. Entomol. 69: 245-248.
Heath, J. J., R. N. Williams, and P. L. Phelan. 2002. Aggregation and Male Attraction
to Feeding Virgin Females in Macrodactylus subspinosus (F.) (Coleoptera:
Scarabaeidae: Melolonthinae). Environ. Entomol. 31: 934-940
Howell, G. S. 2001. Sustainable grape productivity and the growth-yield relationship:
a review. Am. J. Enol. Viticult. 52: 165-174.
Isaacs, R., R. J. Mercader, and J. C. Wise. 2004. Activity of conventional and reducedrisk insecticides for protection of grapevines against the rose chafer, Macrodactylus
subspinosus (Coleoptera: Scarabaeidae). J. Appl. Entomol. 128(5):371-376.
Layne, D. R. and J. A. Flore. 1995. End product inhibition of photosynthesis in Prunus
cerasus L. in response to whole plant source-sink manipulation. J. Am. Soc.
Hortic. Sci. 120: 583-599.
Leal, W. S. 1998. Chemical ecology of phytophagous scarab beetles. Annu. Rev. Entomol.
43: 39-61
Martinson, T. E and T. J. Dennehy. 1995. Varietal prferences of Erythroneura leafhoppers (Homoptera, Cicadellidae) feeding on grapes in New-York. Environ. Entomol.
24: 550-558.
Mercader, R. J. and R. Isaacs. 2003. Phenology-dependent effects of foliar injury and
herbivory on the growth and photosynthetic capacity of nonbearing Vitis labrusca
(Linnaeus) var. Niagara Am. J. Enol. Viticult. 54: 252-260
Mercader, R. J. and R. Isaacs. 2004. Phenophase-Dependent Growth Responses to
Foliar Damage in Vitis labrusca (Linnaeus) var. ‘Niagara’ during vineyard establishment. Am. J. Enol. Viticult. 55: 1-6
Petrie, P. R., M. C. T. Trought, and G. S. Howell. 2000 a. Growth and dry matter
partitioning of pinot noir (Vitis vinifera L.) in relation to leaf area and crop load.
Aust. J. Grape Wine Res. 6: 40-45.
Petrie, P. R., M. C. T. Trought, and G. S. Howell. 2000 b. Fruit composition and ripening
of Pinot Noir (Vitis vinifera L.) in relation to leaf area. Aust. J. Grape Wine Res.
6: 46-51.
Ranney, T. R. and J. F. Walgenbach. 1992. Feeding preference of Japanese beetles for
taxa of birch, cherry and crabapple. J. Environ. Hort. 10: 177-180.
Trumble, J. T.,D. M. Kolodny-Hirsh, and I. P. Ting. 1993. Plant compensation for
arthropod herbivory. Annu. Rev. Entomol. 38: 93-119.
van Zyl, J. L. 1984. Response of Colombar grapevines to irrigation as regards quality
aspects and growth. S. Afr. J. Enol. Viticult. 5: 19-28.
Williams, L. E. 1987. Growth of ‘Thompson seedless’ grapevines: I. Leaf area development and dry weight distribution. J. Am. Soc. Hortic. Sci 112: 325-330

178

THE GREAT LAKES ENTOMOLOGIST

Vol. 36, Nos. 3 & 4

Williams, L. E., and M. A. Matthews. 1990. Grapevine. Agron. 30: 1019-1055.
Wise, J. C., L. J . Gut, R. Isaacs, A. M. C. Schilder, B. Zandstra, E. Hanson, and B.
Shane. 2003. 2004 Michigan Fruit Management Guide. Bulletin E-154, Michigan
State University Extension, East Lansing, Michigan.
Zabadal, T. J. 1997. Vineyard establishment II. Planting and early care of vineyards.
Extension Bulletin E-2645. Michigan State University Extension, East Lansing,
Michigan.

2003

THE GREAT LAKES ENTOMOLOGIST

179

HOST AND HABITAT USE BY PARASITOIDS
(HYMENOPTERA: PTEROMALIDAE) OF HOUSE FLY AND
STABLE FLY (DIPTERA: MUSCIDAE) PUPAE
D. L. Olbrich1 and B. H. King1

ABSTRACT
House fly and stable fly pupae were collected during the summer from a
dairy farm in northern Illinois. Spalangia nigroaenea accounted for most of the
parasitoids recovered from house flies. Spalangia nigra, S. endius, Muscidifurax
spp., and S. nigroaenea accounted for most of the parasitoids from stable flies. The
majority of flies were house flies late in the summer and stable flies early in the
summer. Higher percentages of house flies tended to be in samples containing
lower substrate moisture and higher substrate temperature. Parasitism of stable
flies started earlier and peaked weeks before that of house flies, with overall
parasitism highest from mid- to late-summer. Parasitism of house flies, but not
stable flies, differed significantly among habitats, being greater in calf hutches
than in edge samples. Hymenopterous parasitoids from house flies tended to
include a greater percentage of S. nigroaenea (and a lower percentage of
Muscidifurax spp.) in calf hutches versus drainage or edge habitats and in substrates consisting of mostly wood shavings versus mostly manure. Within samples,
differential parasitism of fly species was not detected for S. nigroaenea, S. endius,
or Muscidifurax spp.; but S. nigra preferentially parasitized stable flies.
____________________
Controlling filth flies such as stable flies, Stomoxys calcitrans (L.) (Diptera:
Muscidae), and house flies, Musca domestica L. (Diptera: Muscidae), on farms is
important. Stable fly adults bite livestock and humans and decrease feed efficiency in beef cattle and the production of milk in dairy cattle (e.g., Bruce and
Decker 1958; Campbell et al. 1987). House flies do not bite but can spread
human and animal pathogens (Kettle 1984; Burgess 1990). When abundant,
filth flies might lead to nuisance lawsuits against producers (Seymour and
Campbell 1993).
Filth flies commonly are controlled, at least in part, with insecticides.
However, both house flies and stable flies have demonstrated resistance to
several insecticides (e.g., Cilek and Greene 1994; Keiding 1999), some insecticides may decrease populations of natural enemies (Geden et al. 1992), and
there is public concern about pesticide residues in food.
Although biological control of filth fly populations with hymenopterous
parasitoids has many advantages over insecticides, currently the direct costs
(i.e., excluding health and environmental costs) are less with insecticides
(Andress and Campbell 1994). Better understanding of the ecology and behavior of both filth flies and their potential biological control agents may improve
the efficacy of biological control and may help maximize naturally occurring
control (Smith and Rutz 1991a, Jones and Weinzierl 1997). For example, by
knowing habitat and host preferences of parasitoids, farmers could choose parasitoid species in relation to habitats and fly species that are particularly troublesome (Smith and Rutz 1991a).
Within the United States, the relative occurrence of house flies versus
stable flies on different parts of dairy farms and in different substrates has
Department of Biological Sciences, Northern Illinois University, DeKalb, Illinois
60115.
1
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been examined in Nebraska (Meyer and Petersen 1983). Microhabitat effects
on parasitoids of these flies have been studied on dairies in Florida (Greene et
al. 1989), California (Meyer et al. 1991), New York (Smith and Rutz 1991a;
Smith and Rutz 1991b), Nebraska (Seymour and Campbell 1993), and Denmark (Skovgård and Jespersen 1999).Variation among farms and years has
been documented (e.g., Meyer et al. 1991; Smith and Rutz 1991a; Jones and
Weinzierl 1997). Our focus in the present study was on variation among habitats within a single farm in a single season. Specifically, we examined house
flies, stable flies and their hymenopterous parasitoids in the summer on a dairy
farm in northern Illinois in relation to three different habitats, calf hutches,
drainage areas, and edges (e.g., fencelines). Habitat differences in moisture,
temperature, and substrate type were characterized. We then examined relationships of these variables and week with 1) the percentage of filth fly populations that were house flies versus stable flies, 2) parasitism rate of house flies
and stable flies and 3) hymenopterous parasitoid species composition.
MATERIALS AND METHODS
Fly pupae collection. The study was conducted on a dairy farm located
in Harvard, Illinois, in the northeastern part of the state. The farm was about
200 continuous acres, but the area sampled was about 20 acres. Three hundred
cattle were maintained on a pasture-rotation and confinement schedule (Olbrich
2002). Pesticides were not applied during this study or in the nine months prior
to this study.
Sampling was conducted in 2000 from the second week in June to the first
week in September. Fly pupae were collected weekly from two sites within each
of three habitats (calf hutches, drainage areas, and edges) for a total of six
samples each week. (During the last week, one rather than two samples was
collected from drainage and edge habitats; however, excluding this last week
from analyses had negligible effects.) The calf hutches were blue plastic domelike structures (168 cm × 122 cm × 117 cm) that housed one calf (0-3 months of
age), each with a large open entryway in front, two side windows (one on each
side), and two rear windows. The drainage areas were low-lying areas that
collected water when rain was sufficient. The edges were areas along fences and
feed bunks, where manure, soil, and/or feed accumulated.
At each site, samples were collected for approximately 1 h or until about
80 pupae were obtained. Substrate was collected with a trowel within a 20 cm
radius of where fly pupae were seen and up to 10 cm deep (Jones and Weinzierl
1997, Smith and Rutz 1991b).
To increase statistical power, substrates were lumped into two frequent
categories, mostly manure versus mostly shavings (8 samples that contained
only spoiled feed were excluded from these analyses). Beginning in July, percentage moisture was measured by placing a Kelway soil tester (Kel Instruments Co., Wyckoff, NJ) into the center of each sample. Temperature was measured by inserting a general purpose mercury thermometer into the substrate
prior to digging and leaving it there for approximately 1 min. Such simple measurement techniques were chosen to determine whether they might be useful to
farmers in deciding which parasitoid species to release.
House fly and stable fly pupae were individually extracted from the substrate. Light red pupae were excluded because such young pupae would have had
minimal to no exposure to parasitism. Each pupa was placed in a closed test
tube to prevent the earlier emerging hymenopterous parasitoids from parasitizing any as yet unemerged hymenopterous parasitoids (King 1997). Tubes were
held at room temperature, and fly pupae and emergent parasitoids were identified (Skidmore 1985, Rueda and Axtell 1985, Gibson 2000). Muscidifurax raptor
Girault and Sanders and M. zaraptor Kogan and Legner were combined as
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Muscidifurax spp. (following Jones and Weinzierl 1997, Smith et al. 1987).
Vouchers were deposited at the Illinois Natural History Survey Center for
Biodiversity, catalog numbers “Insect Collection 12,272 through 12,309.” Only
intact fly pupae were included, i.e., those from which a parasitoid, fly or nothing
emerged after collection (following Jones and Weinzierl 1997). Dented fly pupae
were included because flies and parasitoids sometimes emerged from them.
Analyses. Statistical analyses were performed using SPSS 10.0 for Windows, and all tests used a significance level of 0.05. Means are presented with
standard errors; when values are not presented with standard errors, they were
not computed per sample, per habitat or per week but rather by summing across
all fly pupae collected. We tested for 1) relationships among environmental
variables, 2) relationships between environmental variables and the percentage of house fly versus stable fly pupae, and 3) effects of environmental variables on parasitism rate of each fly species. Parasitism rate was calculated as
the number of fly pupae from which parasitoids emerged after collection divided
by the number of all intact fly pupae collected. Data were analyzed primarily by
two-way ANOVA (analyses of variance) and correlations (see Results and Discussion). However, effects of week and habitat on percentage parasitism were
analyzed by nonparametric tests because both log and arcsine transformations
were unsuccessful at normalizing all cells. First, we tested for an interaction
using an extension of the Kruskal-Wallis for a two factor analysis (Zar 1996).
Because this analysis requires equal cell sizes, weeks without 2 samples per
habitat were excluded (e.g., weeks for which a sample lacked that particular fly
species). When no significant interactions were found, main effects were then
tested using the full data set with one factor Kruskal-Wallis.
Whether parasitoids were recovered more often from one host species
than from the other was examined from two perspectives, a collection-wide
perspective and a within-sample perspective. The collection-wide perspective
pooled all samples into one large sample. Then a chi-square test was used to
compare two ratios to each other. One ratio was the number of parasitoids from
house flies to the number from stable flies; the other ratio was the number of
intact house fly pupae to the number of intact stable fly pupae. In contrast, the
within-sample perspective used a paired t-test to compare the percentage of
parasitoids in a sample that emerged from house flies to the percentage of
intact fly pupae in that same sample that were house flies. The within-sample
perspective reduces the number of environmental effects influencing host usage,
e.g., week and habitat, though it does not eliminate microhabitat effects, e.g.,
differences in depth that the host species were found.
In addition to analyzing our own data, we also analyzed data on collections
of intact house fly and stable fly pupae from two published studies (Seymour and
Campbell 1993, Greene et al. 1989) in order to examine host species usage in
those studies. Chi-square tests were used to test whether the number of parasitoids recovered from house flies relative to the number recovered from stable flies
was different from that expected if recovery was proportional to the relative abundance of the fly species among all intact house fly and stable fly pupae collected.
RESULTS AND DISCUSSION
Habitat differences in moisture, temperature, and substrate. A twoway ANOVA on percentage moisture revealed no significant interaction between week and habitat (F = 0.99, df = 19, 27, P = 0.49). Percentage moisture
differed significantly among the three habitats (F = 8.99, df = 2, 19, P = 0.002).
Specifically, the drainage samples were usually the wettest and were never the
driest, averaging 62% ± 5% (5 – 95%, N = 19), versus 46% ± 5% (15 – 88%, N = 18)
for the edge and 38% ± 4% (10 – 71%, N = 20) for the calf hutches. Percentage
moisture also differed among weeks (F = 2.57, df = 9, 18, P = 0.042), tending to be
lowest midsummer.

182

THE GREAT LAKES ENTOMOLOGIST

Vol. 36, Nos. 3 & 4

A two-way ANOVA on temperature revealed a significant interaction between week and habitat (F = 3.29, df = 22, 36, P = 0.001). Temperature of the
substrate differed among habitats (F = 12.18, df = 2, 22, P < 0.001) and among
weeks (F = 2.25, df = 11, 22, P = 0.051). Generally the calf hutch substrate was the
hottest. During the study, temperature initially increased, then leveled off and
was just beginning to decrease at the end of the study. Across all samples, moisture and temperature were negatively correlated (r = – 0.29, N = 56, P = 0.032).
Substrate type differed significantly among the three habitats (χ2 = 53.75,
df = 2, P < 0.001), particularly for calf hutches versus drainage and edge habitats
(χ2 = 53.17, df = 1, P < 0.001). Most samples from calf hutches consisted primarily of wood shavings, whereas most samples from drainage and edge habitats
were primarily manure. Manure substrates had a significantly higher moisture
content than wood shavings substrates (56 ± 4.1% versus 38 ± 3.4%; t = 3.21, df
= 49, P = 0.002) and significantly lower temperature (25 ± 4oC versus 28 ± 4oC; t
= 3.85, df = 66, P = 0.001).
Percentage house flies versus stable flies. 66% of the 4370 intact
house fly and stable fly pupae that were collected were house flies. This is
slightly less than reported for a Nebraska dairy (Meyer and Petersen 1983),
Manitoba dairies (McKay and Galloway 1999), and a poultry house in Indiana
(King 1990).
A two-way ANOVA on percentage house flies revealed no significant interaction between habitat and week (F = 0.72, df = 24, 37, P = 0.80). There was
a significant week effect (F = 3.79, df = 12, 24, P = 0.003): stable flies made up a
greater percentage of the fly pupae earlier in the summer and house flies a
greater percentage later in the summer (Fig. 1). This temporal pattern is similar to results from a Nebraska dairy (Meyer and Petersen 1983), from cattle
confinements in Nebraska (Seymour and Campbell 1993), and for adult flies
from California dairies (Meyer et al. 1990).
No statistically significant difference was detected in the percentage of
house flies versus stable flies among the three different habitats (F = 3.18, df =
2, 24, P = 0.059). However, the trend was that the percentage of house flies was
greatest from the calf hutches and least from edges, perhaps due to moisture

Figure 1. Mean ± SE percentage of house fly pupae versus stable fly pupae collected
among all weeks.
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differences among habitats. Likewise, the percentage of house flies decreased
with increasing percentage moisture of the substrate (r2 = 0.14; F = 8.58, df = 1,
55, P = 0.005; y = – 0.58x + 97.51) and increased with increasing temperature (r2
= 0.12; F = 9.44, df = 1, 73, P = 0.003; y = 3.12x – 19.16). In a Nebraska dairy,
stable flies were more common than house flies in drainage ditches, and house
flies were more common than stable flies in oat silage and spilled feed, perhaps
related to moisture (Meyer and Petersen 1983). In our survey, percentage of
house flies did not differ significantly between wood shaving substrate versus
manure substrate (72 ± 6.9 versus 55 ± 5.7; t = 1.84, df = 66, P = 0.071).
Percentage parasitism. Adult flies emerged from 48% of house fly pupae and 45% of stable fly pupae. Nothing emerged from 35% of house fly pupae
and 43% of stable fly pupae.
Summing across all samples, a significantly greater percentage of house
flies than stable flies were parasitized (17% versus 12%; χ2 = 18.01, df = 1, P <
0.001). However, when we compared parasitism of house flies versus stable flies
within samples (i.e., using sample versus pupa as the statistical sampling unit),
there was no statistically significant difference (11 ± 2.1% versus 13 ± 2.7%;
paired t-test: t = 0.69, df = 60, P = 0.49). The observation that house fly parasitism
was greater than stable fly parasitism across all samples was due at least in part
from low parasitism early in the season when stable flies were more prevalent
than house flies. Other studies in which naturally occurring fly pupae were collected have found similar parasitism rates (e.g., Skovgård and Jespersen 1999,
McKay and Galloway 1999; Smith et al. 1987). An overall trend of greater parasitism of house flies than stable flies was found in a 3 yr study of cattle feedlots in
Illinois (Jones and Weinzierl 1997) and in two studies of confined livestock in
Nebraska (Petersen and Meyer 1983a; Seymour and Campbell 1993). However,
there was no significant difference in parasitism rates for house flies versus
stable flies on California dairies studied by Meyer et al. (1990).
Parasitism varied significantly among weeks for both house flies (H =
44.86, df = 12, P < 0.001) and stable flies (H = 25.41, df = 12, P = 0.012).
Parasitism rates were highest mid to late summer (Figs. 2-3), consistent with
earlier studies (e.g., Petersen and Meyer 1983a; Seymour and Campbell 1993).
We found no statistically significant interaction between habitat and week for
percentage parasitism of house flies (H = 6.91, df = 16, P > 0.95) or stable flies (H
= 3.00, df = 8, P > 0.90).
Parasitized stable flies were collected before parasitized house flies, and
peak parasitism of stable flies occurred weeks before the peak for house flies
(Fig. 2-3), similar to results from cattle confinements in Nebraska in two different years (Seymour and Campbell 1993). The reason could be the greater proportion of stable flies earlier in the summer than later in the summer (Seymour
and Campbell 1993; this study).
Parasitism of house flies varied significantly among habitats (Table 1),
being greater in calf hutches than in edge samples. Parasitism of stable flies did
not vary significantly among habitats (Table 1). Parasitism did not differ significantly between wood shaving substrate versus manure substrate for either
house flies (19 ± 4.1 versus 10 ± 2.4; U = 408.5, N = 66, P = 0.12) or stable flies
(12 ± 5.6 versus 14 ± 3.2; U = 315.5, N = 58, P = 0.17). We found no significant
relationship between house fly or stable fly parasitism and percentage of moisture of substrate (F = 1.85, df = 1, 54, P = 0.18; F = 1.18, df = 1, 45, P = 0.28).
Percentage of parasitism increased significantly with temperature for house
flies (r2 = 0.32; F = 16.01, df = 2, 68, P < 0.001; y = 74 – 7.35x + 0.19x2) but not for
stable flies (F = 0.15, df = 1, 63, P = 0.70).
Habitat-substrate effects on parasitism have also been reported for Florida
dairies (Greene et al. 1989), but not for California dairies (Meyer et al. 1991); and
for Nebraska cattle confinements there were substrate effects on parasitism of
house flies, but not of stable flies (Seymour and Campbell 1993). Smith and
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Figure 2. Weekly mean of the percentage parasitism of house fly pupae by different
hymenopterous parasitoid species.

Figure 3. Weekly mean of the percentage parasitism of stable fly pupae by different
hymenopterous parasitoid species.
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Table 1. Percentage of Parasitism of House Fly Pupae and Stable Fly Pupae from
Three Habitats from a Dairy Farm in Northern Illinois in 2000.
House fly
Mean ± SE

N

Stable fly
Mean ± SE

N

Calf hutch

20 ± 4.5a

24

11 ± 5.7a

18

Drainage

11 ± 2.9ab

24

14 ± 5.1a

22

7 ± 2.8b

24

13 ± 3.1a

25

Edge

H = 6.39
df = 2
P = 0.041

H = 1.49
df = 2
P = 0.47

Means within a column followed by different letters are significantly different by
follow up Mann-Whitney U, P < 0.05

Rutz (1991a, b) found that the incidence of parasitism in New York dairies
varied with substrate, exposure, and habitat. However, differences in methods
make comparison with our study difficult.
Parasitoid species composition. House flies were predominantly parasitized by S. nigroaenea (72%) and Muscidifurax spp. (14%) (Table 2). S. nigroaenea
accounted for a greater percentage of the parasitism of house flies in samples
from calf hutches than in samples from drainage or edge habitats, whereas the
reverse was true for Muscidifurax spp. (Fig. 4). Similarly, more of the parasitism
of house flies was by S. nigroaenea in wood shaving substrates than in manure
substrates (71 ± 7.4% versus 31 ± 7.7%; t = 3.70, df = 40, P = 0.001), whereas for
Muscidifurax spp. it was the reverse (33 ± 8.5%, N = 23 versus 8 ± 4.0%, N = 19;
U = 144.5, P = 0.035). Our finding of Muscidifurax spp. in different substrates
than S. nigroaenea is consistent with results from California dairies (Meyer et
al. 1991) and New York dairy farms (Smith and Rutz 1991a). As in our study, on
the New York dairy farms S. nigroaenea was the predominant parasitoid species from calf hutches.
In contrast to house flies, most stable fly parasitism was fairly evenly divided
among four species, S. nigroaenea, Muscidifurax spp., S. nigra and S. endius Walker
(Table 2). The predominant species of parasitoid varies among surveys of naturally
occurring fly pupae on dairies (Greene et al. 1989; Meyer et al. 1990, 1991, Meyer
and Petersen 1982; Petersen and Meyer 1983a; Smith et al. 1987, McKay and
Galloway 1999). The fact that S. nigroaenea did not dominate from stable flies
contrasts with a study of Illinois cattle feedlots (Jones and Weinzierl 1997).
Across both fly species, S. nigroaenea and Muscidifurax spp. tended to be
found throughout the summer, whereas S. nigra were only found in early- to midsummer (Figs. 2-3). S. cameroni Perkins was relatively uncommon and Nasonia
vitripennis (Walker) was absent from both fly species, similar to Jones and
Weinzierl’s (1997) study of Illinois cattle feedlots. N. vitripennis was also uncommon on dairies in Maryland and New York (Smith and Rutz 1991a, Geden
et al. 1992). One factor contributing to the low incidence of N. vitripennis in these
studies may be its preference for much drier substrates (Smith and Rutz 1991c).
A small percentage of the S. nigroaenea appear to have been in some type
of delayed development (see also Merchant et al. 1987, Petersen and Meyer
1983b). Live individuals were found in the test tubes 4 mo. after their hosts had
been collected, yet at 26oC, development duration and maximum longevity each
average less than 1 mo. (Ramsdell 1995).
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Table 2. The Percentage of Different Parasitoid Species Among Parasitized Fly
Pupae and Among All (i.e., Intact) Fly Pupae from a Dairy Farm in Northern Illinois
in 2000.

Parasitoid species
S. nigroaenea
S. nigra
S. cameroni
S. endius
Muscidifurax spp.
Trichomalopsis dubius (Ashmead)
Urolepis rufipes Ashmead
Other spp.

% of
parasitized
house fly
pupae

% of
parasitized
stable fly
pupae

% of
all fly
pupae

71.64
1.24
4.55
6.21
14.08
0.0
0.0
2.28

19.66
27.53
2.81
25.28
21.91
0.56
0.56
1.69

8.72
1.26
0.62
1.72
2.45
0.02
0.02
0.32

Parasitoids and flies were summed across all samples before calculating percentage,
rather than percentage being calculated separately for each sample and then
averaged across samples. Other spp. includes a gregarious braconid, Aphaereta
pallipes (Say), from 1.86% of the parasitized house flies and an unidentified solitary
ichneumonid from 1.69% of the parasitized stable fly pupae and 0.41% of the
parasitized house flies

Host species usage. Parasitoids emerging from one host species more
than from another can logically result from females preferring to oviposit in one
host species, from differences in parasitoid survival between host species, or
from differences among host species in their habitat preferences (e.g., in depth,
moisture, temperature, or type of substrate) and female parasitoids preferring
the habitat of one host species over the other.
Collection-wide, S. nigroaenea were recovered from house flies significantly
more often than expected. This may be because S. nigroaenea was absent early
in the summer when stable flies make up a greater percentage of the fly pupae.
In contrast, no differential parasitism of house flies was observed when we
controlled for host species availability on a sample by sample basis (Table 3). In
confined cattle operations in Nebraska, collection-wide S. nigroaenea was also
preferentially from house flies in both years studied (new analysis of data from
Seymour and Campbell 1993: χ2 = 220.86, df = 1, P < 0.001; χ2 = 220.86, df = 1, P
< 0.001). Laboratory experiments suggest that female S. nigroaenea preferentially oviposit in stable flies (Ramsdell 1995).
Spalangia nigra were recovered more frequently from stable flies than
from house flies within samples and collection-wide (Table 3), similar to a study
of confined livestock in Nebraska (Petersen and Meyer 1983a). This suggests for
biological control that S. nigra may be more suitable to control stable flies than
house flies and should be released earlier in the season when stable flies are
more abundant.
In our study S. endius were not preferentially recovered from either host
species within samples (Table 3). However, collection-wide they were disproportionately from stable flies (Table 3), as was also the case on Florida dairies (new
analysis of data from Greene et al. 1989: χ2 = 5.77, df = 1, P = 0.016).
Within samples S. cameroni were recovered from house flies significantly,
but only very slightly, more frequently than expected (Table 3). Collection-wide,
the pattern was the same, but it was not statistically significant (Table 3).
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Figure 4. Mean percentage of parasitism of house fly pupae that was by different
hymenopterous parasitoid species, among habitats.

Figure 5. Mean percentage of parasitism of stable fly pupae that was by different
hymenopterous parasitoid species, among habitats.
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Table 3. The Percentage of Parasitoids That Emerged From House Flies (Versus
Stable Flies) Compared to the Percentage of Intact Fly Pupae That Were House
Flies (Versus Stable Flies) from a Dairy Farm in Northern Illinois in 2000, e.g.,
Among Samples Containing S. nigroaenea, 75% of S. nigroaenea Were From House
Flies Whereas 80% of All Intact Flies in Those Samples Were House Flies.
Among samples of given parasitoid species
Mean ± SE
(N = samples with given parasitoid)

Parasitoid
Species
S. nigroaenea

% of given
parasitoid
species
from
house flies

75 ± 6.4
(39)
S. nigra
27 ± 11
(16)
S. cameroni
90 ± 10
(10)
S. endius
66 ± 9.6
(20)
Muscidifurax spp. 64 ± 9.0
(21)

% intact
pupae that
were house
flies

Paired
t-test

80 ± 4.8
(30)
49 ± 9.8
(16)
89 ± 9.9
(10)
66 ± 8.5
(20)
71 ± 7.2
(21)

t = 1.30
P = 0.20
t = 2.8
P = 0.01
t = 2.32
P = 0.045
t = 0.065
P = 0.95
t = 0.99
P = 0.34

Collection-wide
(N = fly pupae)
% of given
parasitoid
species
from
house flies Chi-square
91
(381)
11
(55)
81
(27)
40
(75)
64
(107)

χ2 = 106.45
P < 0.001
χ2 =73.37
P < 0.001
χ2 = 2.98
P = 0.085
χ2 = 22.04
P < 0.001
χ2 = 0.23
P = 0.64

Chi-square for the collection-wide analysis was a goodness of fit chi-square
comparison to the 65.7% of all fly pupae collection-wide that were house flies.

Collection-wide there also was no statistically significant host preference on
Florida dairies (new analysis of data from Greene et al. 1989: χ2 = 0.012, df = 1,
P = 0.91). On Nebraska cattle confinements there was no statistically significant host preference in either year studied but collection-wide the trend was for
a greater proportion to come from stable flies (new analysis of data from Seymour
and Campbell 1993: χ2 = 0.54, df = 1, P = 0.46; χ2 = 2.86, df = 1, P = 0.091). Among
fly pupae from an Indiana poultry house, S. endius and S. cameroni both showed
no preference for house flies or for stable flies (King 1990).
Muscidifurax spp. showed no significant difference in host species usage
either within samples or collection-wide (Table 3). In contrast, Muscidifurax
spp. was recovered disproportionately from house flies collection-wide on Florida
dairies (new analysis of data from Greene et al. 1989:χ2 = 63.03, df = 1, P < 0.001)
and on Nebraska cattle confinements in both years studied (new analysis of
data from Seymour and Campbell 1993: 1983: χ2 = 327.17, df = 1, P < 0.001;
1984: χ2 = 459.63, df = 1, P < 0.001). In an Indiana poultry house, collection-wide,
M. raptor was from house flies more frequently than expected by chance and
stable flies less frequently (King 1990).
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EXPLORATORY SURVEY FOR THE EMERALD ASH BORER,
AGRILUS PLANIPENNIS (COLEOPTERA: BUPRESTIDAE),
AND ITS NATURAL ENEMIES IN CHINA
Houping Liu 1*, Leah S. Bauer 1, 2, Ruitong Gao 3, Tonghai Zhao 3,
Toby R. Petrice 2, and Robert A. Haack 1, 2

ABSTRACT
An exploratory survey for the emerald ash borer, Agrilus planipennis, and
its natural enemies was conducted in China during October and November
2003. We examined 29 field plots in six provinces. We visually inspected living
Fraxinus chinensis, F. mandshurica, F. pennsylvanica, F. rhynchophylla, and F.
velutina then peeled off the bark in search of A. planipennis and associated
natural enemies. We found active A. planipennis infestations in nine of the 29
field plots, including plots in the provinces of Hebei, Heilongjiang, Jilin, Liaoning,
and the provincial level city of Tianjin. Signs of past A. planipennis infestations
were found in five of the 20 plots where no active infestations were present. The
distribution of A. planipennis was patchy within the forest, and larval densities
varied greatly among trees and at different heights within the same tree. Agrilus
planipennis densities ranged from 0 to 284 larvae/m2 of bark surface for 1-m log
sections. The Nearctic ash species, F. pennsylvanica and F. velutina, planted in
China were apparently more susceptible to A. planipennis attack than were the
native Chinese ash species. Similarly, ash trees growing along streets or in
plantations or city parks were more susceptible to A. planipennis infestation
compared with trees in natural forests. We identified two species of natural
enemies attacking A. planipennis during this survey. In Changchun City, Jilin
Province and Guangang District, Tianjin City, we found a previously reported
but undescribed species of Spathius sp. (Braconidae) parasitizing an average of
6.3% A. planipennis larvae in individual trees, ranging from 0 to 50%. In
Changchun City, Jilin Province and in Benxi County, Liaoning Province, we
discovered a previously unknown gregarious endoparasitoid of A. planipennis
larvae, Tetrastichus nov. sp. (Eulophidae), with a total parasitism rate of 6.6% in
individual trees, ranging from 0 to 50%. We discussed the potential role of
natural enemies in the management of A. planipennis in North America.
____________________
The emerald ash borer, Agrilus planipennis Fairmaire (Buprestidae), is a
new pest of economic significance to North America’s ash trees (Fraxinus spp.). It
was first discovered attacking ash trees in southeastern Michigan and neighboring Ontario, Canada, in 2002 (Haack et al. 2002). Larval feeding in the cambial
region creates S-shaped galleries that disrupt the flow of nutrients in the phloem,
usually causing tree death after two to three years of serial attack. Crown dieback
and epicormic shoots along the lower trunk are the most common symptoms of
early-stage A. planipennis infestation. The preferred hosts throughout the Great
Lakes region include varieties of green ash (Fraxinus pennsylvanica Marsh.), white
ash (F. americana L.), black ash (F. nigra Marsh.), and blue ash (F. quadrangulata
Michx.). Over 5 million ash trees have been infested in Michigan alone (Michigan
Agricultural Experiment Station 2003, USDA Forest Service, State and Private
Forestry 2004). As of November 2004, additional infestations have been found
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in Indiana, Ohio, Maryland, and Virginia, primarily a result of inadvertent transport of infested ash nursery stock, firewood, and logs (Fig. 1). The potential
economic, ecological, and social impacts of this pest are tremendous given that
ash is an important timber and landscape species throughout North America. It
is estimated that there are more than 7 billion ash trees in the United States, of
which more than 700 million occur in Michigan, 280 million in Ohio, and 150
million in Indiana (USDA Forest Service, Northeastern Research Station 2004).
If A. planipennis becomes widely established in Michigan, it could result in a total
loss of 307 million board feet of ash saw logs and veneer with a compensatory
value as high as $18.9 billion in Michigan alone (Michigan Agricultural Experiment Station 2003, USDA Forest Service, Northeastern Research Station 2004).
Agrilus planipennis is native to northeastern Asia, including portions of
China, Japan, Korea, Mongolia, Russia, and Taiwan (Chinese Academy of Science 1986, Haack et al. 2002, Xu 2003, Yu 1992). Synonyms of A. planipennis
include A. marcopoli Obenberger (in China), A. marcopoli ulmi Korosawa (in Korea and Japan), and A. feretrius Obenberger (in Taiwan) (Jendek 1994). In China,
its host range is limited to Fraxinus spp., including the native species of F. chinensis
Roxb., F. mandshurica Rupr., and F. rhynchophylla Hance (Chinese Academy of
Science 1986, Xu 2003, Yu 1992), as well as introduced Nearctic species F.
americana L. (Liu 1966), F. velutina Torr. (Liu et al. 1996, Zhang et al. 1995), and
F. pennsylvanica (R-T. Gao, personal observation). Fraxinus americana is no
longer planted in China and F. pennsylvanica occurs only in localized areas because of past A. planipennis attack. Fraxinus velutina, however, is still widely
used in the coastal areas of northeastern China because of its fast growth rate
and tolerance of alkaline soils. In Japan, A. planipennis is recorded from F.
mandshurica var. japonica Maxim., Juglans mandshurica var. sieboldiana (Maxim.)
CK Schneid, J. mandshurica var. sachalinensis (Miyabe et Kudo) Kitamura,
Pterocarya rhoifolia Sied. et Zucc., and Ulmus davidiana var. japonica (Rehd.)
Nakai (Akiyama and Ohmomo 1997, Sugiura 1999). To date in North America,
A. planipennis has been found to complete development only on ash trees.
Eradication is the strategy adopted by regulatory agencies in both the
United States and Canada. The magnitude of infestation and complexity of
this problem, however, suggest other management tools will be needed if eradication proves unsuccessful. Moreover, environmental and health concerns regarding the long-term use of conventional insecticides for tree protection may
also force managers to look for other solutions such as biological controls.
We began research on A. planipennis natural enemies in 2002, shortly after
its discovery in Michigan. We found parasitoids of A. planipennis are rare in local
populations, with a combined parasitism rate by all parasitoid species less than
1% (Liu et al. unpublished data). Larval-pupal parasitoids included Spathius
simillimus Ashmend (Braconidae), Heterospilus sp. (Braconidae), Phasgonophora
sulcata Westwood (Chalcididae), Balcha sp. (Eupelmidae), and Eupelmus sp.
(Eupelmidae), whereas egg parasitoids were represented by a single species of
Pediobius sp. (Eulophidae) (Bauer et al. 2004). Predators found attacking A.
planipennis larvae and pupae in Michigan include Enoclerus sp. (Cleridae),
Catogenus rufus (F.)(Passandridae), and Tenebroides sp. (Trogossitidae) (Bauer et
al. 2004). Pathogenic fungi Beauveria bassiana (Balsamo) Vuillemin, Paecilomyces
farinosus (Holm ex SF Gray) Brown & Smith, Paecilomyces fumosoroseus (Wize)
Brown & Smith, Verticillium lecanii (Zimmerman) Viegas, and Metarhizium
anisopliae (Metschnikoff) Sorokin were also recovered in Michigan from field collected A. planipennis larvae, pupae, and adults (Bauer et al. 2004).
Little is known about the distribution or biology of A. planipennis in China
where no systematic survey of its natural enemies was conducted prior to that
reported here. At the start of our study in China in 2003, outbreaks were known
only from F. mandshurica in Harbin City, Heilongjiang Province (X. Wei, personal
communication) and F. velutina in Guangang District, Tianjin City (Liu et al.
1996, Zhang et al. 1995). One larval parasitoid, a Spathius sp. (Braconidae),
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Fig. 1. Current distribution of Agrilus planipennis in North America (12 November
2004): IN = Indiana, MI = Michigan, MD = Maryland, OH = Ohio, ON = Ontario, and
VA = Virginia.

was reported (Xu 2003). This gregarious ectoparasitoid was responsible for 1050% larval mortality in some areas of Guangang District of Tianjin City (R-T.
Gao, personal observation). Our interest was to identify A. planipennis natural
enemies for possible use in a biological control program in North America. To this
end, we conducted several intensive field surveys in China from 20 October to 9
November 2003 as both A. planipennis and its potential natural enemies were
completing development in the field, the results of which are presented below.
MATERIALS AND METHODS
Site selection. We selected 11 regional sites in five Chinese provinces and
one provincial-level city: Harbin and Shangzhi in Heilongjiang Province;
Changchun, Jilin, and Jiaohe in Jilin Province; Shenyang and Benxi in Liaoning
Province; Tangshan in Hebei Province; Binzhou in Shandong Province; and
Guangang and Jinnan in Tianjin City (Fig. 2). By selecting these six administrative regions, we were able to target all Chinese provinces where A. planipennis was
previously recorded (Xu 2003, Yu 1992) except Inner Mongolia. Two to six study
plots were chosen in each regional site to survey. We selected study plots from a
wide range of habitats, including natural forests, plantations, and parks; each
plot encompassed a uniform habitat with a range of 30 to 200 ash trees. Details
for each study plot are given in Table 1. We focused on sites with Fraxinus
chinensis, F. mandshurica, F. rhynchophylla, and F. velutina given that these were
the only A. planipennis hosts previously reported from China (Chinese Academy of
Science 1986, Hou 1993, Xu 2003, Yu 1992, Zhang et al. 1995). Plantings of F.
pennsylvanica were added as they were found during our survey efforts.
Survey methods. We visually examined 30 to 60 ash trees at each plot
for signs and symptoms of A. planipennis infestation such as crown dieback,
epicormic shoots, longitudinal bark splits, and D-shaped adult exit holes. For
suspect trees, we removed the outer bark and looked for A. planipennis larval
galleries. If A. planipennis infestation was confirmed, we debarked the lower
two meters of trunk and collected A. planipennis and any natural enemies. At
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Fig. 2. Provincial outline map of China, indicating the historical distribution of
Agrilus planipennis within China (shaded area, provinces A–G), and the regional
study sites we surveyed (1-11, see description in Table 1). A – Heilongjiang, B – Jilin,
C – Liaoning, D – Hebei, E – Tianjin, F – Shandong, G – Inner Mongolia. Distribution of Agrilus planipennis based on Chinese Academy of Science (1986), Hou
(1993), Xu (2003), Yu (1992).

selected plots, A. planipennis-infested ash trees were felled and trunks and
branches with a diameter > 3 cm were cut into 1-m log sections for dissection.
All log sections were dissected on site with chisels and hammers. Larval density was standardized by dividing the total number of larvae obtained from each
log section by its bark surface area. Live A. planipennis larvae were placed
individually in 35-mm polystyrene petri dishes (VWR International, Batavia,
IL) for further observation, whereas dead larvae were stored separately in 0.5ml microcentrifuge tubes (Life Science Products, Inc., Denver, CO) to be examined for fungal pathogens by encouraging outgrowth under saturated conditions.
Immature stages of potential A. planipennis natural enemies were collected in
the field, reared to adults in the laboratory, and preserved in 70% ethanol for
later determination. We searched for potential predators of A. planipennis
during visual examinations and tree dissections in the field.
Specimen determination. The identity of Tetrastichus sp. was determined by taxonomists at the Institute of Zoology, Chinese Academy of Science,
Beijing, China and USDA, Agriculture Research Services, Systematic Entomology Laboratory, Beltsville, MD. We deposited voucher specimens in museums
at these institutions and Michigan State University in East Lansing, MI.
RESULTS
Infestations in China. Within the 11 survey sites, 29 plots were surveyed,
including seven ash plantations, six urban settings, six natural forests, seven street
plantings, two city parks, and one nursery. We sampled F. mandshurica at 10 plots,
F. velutina at 10 plots, F. rhynchophylla at five plots, F. pennsylvanica at three plots,
and F. chinensis at one plot (Table 1). Our overall survey for A. planipennis and
associated natural enemies involved examining ca. 1,000 ash trees with diameters

Jingyuetan Forest Park,
Qingsongling

F. mandshurica

F. mandshurica
20

> 30

25

Maoershan Experimental Forest, F. mandshurica
Headquarters

City park

City park

Urban setting

Natural forest

5-40

Urban setting

Maoershan Experimental Forest, F. mandshurica
Hongming village

> 30

Plantation

15-20 Plantation

F. mandshurica

Northeast Forestry University,
Campus

> 30

Age Forest
(yrs) type

Maoershan Experimental Forest, F. mandshurica
plot A

F. mandshurica

Ash species

Northeast Forestry University,
Experimental Forest

Ownership

Jilin
3. Changchun Jingyuetan Forest Park,
Dingjiagou

2. Shangzhi

Heilongjiang
1. Harbin

Province,
Citya

Good

Good

Good

Very good

Good

Very poor

Fair

Ca. 100 ash trees mixed with
oak (Quercus spp.) and pine
(Pinus spp.)
Ca. 200 ash trees mixed with
oak (Quercus spp.) and pine
(Pinus spp.)

Monoculture of ca. 100 ash
trees in natural forest of Korean
pine, Pinus koraiensis, and
other hardwoods.
Ca. 200 ash trees mixed with
Mongolian Scots pine (P.
sylvertris var. mongolia) and
other hardwoods.
Ca. 40 even-aged trees in the
front yard.

Monoculture of ca. 200 ash with
significant understory
vegetation.
Ca. 50 even-aged ash trees
near buildings. More than half of
them were dead or dying.

Tree
conditionb Description

Table 1. Summary data for the 29 field plots surveyed for Agrilus planipennis in China during October and November 2003.
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F. rhynchophylla
F. mandshurica

Tianshifu Township, Xibeitian
Jianchang Township, Changzui

F. mandshurica

Suburb, Dongbeixie City Forest

F. rhynchophylla

Jiaohe Experimental Forest,
Headquarters

F. chinensis

F. rhynchophylla

Jiaohe Experimental Forest,
Qingchaguan

Urban, Heping Street

F. rhynchophylla

F. mandshurica

Songhuahu Nature Reserve,
plot B

Jiaohe Experimental Forest,
Dongdapo

F. rhynchophylla

Ash species

Songhuahu Nature Reserve,
plot A

Ownership
Natural forest

9

5-20

5

8

>30

>20

>20

Street

Natural forest

Plantation

Street

Natural forest

Natural forest

Natural forest

40-50 Plantation

5-40

Age Forest
(yrs) type

Fair

Very good

Poor

Poor

Good

Very good

Very good

Fair

Very good

Ca. 200 ash trees mixed with
oak (Quercus spp.), pine (Pinus
spp.) and Catalpa spp.
Monoculture of ca. 200 ash
trees planted in 2000.

Monoculture of ca. 100 ash
trees planted in 2000.
Monoculture of ca. 200 ash
trees planted in 2002.

Ca. 200 dominant ash trees
mixed with Catalpa spp. and elm
(Ulmus spp.)
Ca. 200 dominant ash trees
mixed with Catalpa spp. and elm
(Ulmus spp.)
Ca. 200 dominant ash trees
mixed with elm (Ulmus spp.),
pine (Pinus spp.) and
Phellodendron spp.

Ca. 200 dominant ash trees
mixed with oak (Quercus spp.)
and birch (Betula spp.)
Ca. 200 ash trees with crown
damage, mixed with oak
(Quercus spp.) and pine (Pinus
spp.)

Tree
conditionb Description
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7. Benxi

Liaoning
6. Shenyang

5. Jiaohe

4. Jilin

Province,
Citya

Table 1. Continued.
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Urban, Bohai No. 8 Road
City Hall, plot A
City Hall, plot B
Urban, Huanghe No. 5 Road

F.
F.
F.
F.

velutina
velutina
velutina
velutina

25
20
20
8

Street
Urban setting
Urban setting
Street

Street

12

Plantation

F. velutina

10

Plantation

Plantation

Street
Nursery

25-30 Urban setting

F. pennsylvanica

City forest, plot C

10

10

30
3

Age Forest
(yrs) type

F. velutina

F. pennsylvanica

City forest, plot B

Xianshuigu Township,
Zhangzhuang
Xianshuigu Township,
Jinggu Road

F. pennsylvanica

F. velutina
F. velutina

Ash species

City forest, plot A

Fengnan District, Mengzhuang
Fengnan District, Yujiabo

Ownership

Poor
Fair
Fair
Poor

Fair

Monoculture of ca. 100 ash trees.
Monoculture of ca. 50 ash trees.
Monoculture of ca. 50 ash trees.
Monoculture of ca. 200 ash
trees planted in 2001.
Monoculture of ca. 100 ash trees.
Monoculture of ca. 30 ash trees.

Monoculture of ca. 200 ash
trees.

Monoculture of ca. 200 ash
trees planted in 2000.
Fair
Monoculture of ca. 200 ash
trees planted in 2000.
Fair
Monoculture of ca. 200 ash
trees planted in 2000.
Very poor Ca. 30 ash trees, mostly dead.

Fair

Fair
Monoculture of ca. 200 ash trees.
Very good Monoculture of ca. 200 ash
trees neighboring poplar
(Populus spp.) and elm (Ulmus
spp.) plots.

Tree
conditionb Description

Urban, Huanghe No. 8 Road
F. velutina
30
Street
Fair
Environment Protection Bureau F. velutina
20
Urban setting Poor
a
Regional study sites are numbered 1-11 and are shown in Fig. 1.
b
Very good = no decline, good = < 5% decline, fair = 6 - 25% decline, poor = 26 - 50% decline, very poor = > 50% decline.

Shandong
11. Binzhou

10. Jinnan

Tianjin
9. Guangang

Hebei
8. Tangshan

Province,
Citya

Table 1. Continued.
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ranging from 2 to 28 cm and heights from 4 to > 15 m; ca. 100 ash trees were
dissected. We found live A. planipennis larvae in five of six provinces, in six of the 11
regional study areas, and nine of the 29 study plots surveyed. In total, we collected
39 A. planipennis larvae from the lower trunk of eight peeled trees and 482 A.
planipennis larvae from four dissected trees (Table 2).
Five of the 10 F. mandshurica plots were infested with A. planipennis and
three F. mandshurica plots (Northeast Forestry University campus in Harbin,
Maoershan Experimental Forest plot A and headquarters plot in Shangzhi)
showed signs of past A. planipennis infestation, including old exit holes and
calloused larval galleries (Tables 1, 2). We found A. planipennis larvae in the
three F. pennsylvanica plots and one of the 10 F. velutina plots, as well as an old
A. planipennis infestation in F. velutina in the Zhangzhuang plot of Xianshuiguo
Township in Jinnan (Tables 1, 2). No A. planipennis infestations were detected
in the F. chinensis plot in Shenyang, F. rhynchophylla plots in Jilin, Jiaohe, or
Benxi, except for an old A. planipennis gallery in a F. rhynchophylla tree at the
Jiaohe Experimental Forest headquarters (Table 1).
The distribution of A. planipennis was patchy in our study plots, with
infested trees scattered among healthy ash trees under apparently similar conditions. Results of the whole-tree dissections showed that A. planipennis larvae
were present along the entire trunk, from the base upwards to branches of 4-5
cm in diameter. Larval population of A. planipennis varied greatly among individual infested trees and at different heights within the same tree. Larval densities ranged from 0 to 284 larvae/m2 of bark surface area in 1-m log sections
ranging in diameter from 3.9 to 13.7 cm.
Ash trees along roadsides, in plantations, or city parks were more likely to
be attacked by A. planipennis, possibly because they experienced greater stress
compared with trees in natural forests. Of the nine plots with active A. planipennis
infestations, two were found along roadsides, five in plantations, and two in city
parks (Tables 1, 2).
Natural enemies. We found two species of parasitoids attacking A.
planipennis larvae during this survey, with a total parasitism rate of 6.3 and
6.6% for Spathius sp. and Tetrastichus sp., respectively (Table 2). No predatory
insects were observed during our field investigations or log dissections. Moreover, no fungal pathogens were isolated from larvae that we collected.
Spathius wasps (Braconidae) are gregarious ectoparasitoids of larvae in
the families of Buprestidae, Cerambycidae, Curculionidae, and Scolytidae
(Matthews 1970). We found mature larvae and pupae of a single Spathius sp. on
the surface of A. planipennis larvae within their galleries on F. mandshurica in
Changchun (Jingyuetan forest park-Dingjiagou) and on F. pennsylvanica in
Guangang (City forest-Plot A), resulting in a parasitism rate of 1, 25, and 50%
for the three trees examined (Table 2). Parasitoid larvae were cream colored,
legless and tapered at both ends. They fed by inserting their mouth hooks
through the body wall along the abdomen of A. planipennis larvae. Multiple
individuals were usually found on each host (Fig. 3). The number of Spathius sp.
larvae found on A. planipennis larvae ranged from 1 to 12 (Mean ± SEM = 6.2 ±
0.9, n = 13 parasitized larvae). Only a thin layer of external cuticle remained of
the A. planipennis host as a result of parasitism. A white to grayish silky cocoon
was later formed by each parasitoid larva inside the gallery by early November.
Multiple cocoons were associated with each A. planipennis host and were arranged end to end, maintaining the original shape of the host larva (Fig. 3).
Adults of this new species of Spathius are light brown, 3.5 – 4.5 mm in length; a
description is underway in China (Z-Q. Yang, personal communication).
We also discovered Tetrastichus nov. sp. (Eulophidae), a gregarious
endoparasitoid of A. planipennis larvae on F. mandshurica. Three adults and
nine larvae of Tetrastichus nov. sp. were collected from a single A. planipennis
larva inside its gallery at Qingsongling of Jingyuetan forest park in Changchun.

1
2
1
1

Liaoning, Benxi,
Jianchang Township, Changzui

Hebei, Tangshan,
Fengnan District, Mengzhuang

Tianjin, Guangang,
City forest - plot A

1
2

Jilin, Changchun,
Jingyuetan Forest Park,
Qingsongling
1

1
2

Jilin, Changchun,
Jingyuetan Forest Park,
Dingjiagou

Jilin, Jilin,
Songhuahu Nature Reserve,
plot B

1

Tree
#

Heilongjiang, Harbin,
Northeast Forestry University,
Experimental Forest

Province, City,
Plot

F. pennsylvanica

F. velutina

F. mandshurica
F. mandshurica

F. mandshurica

F. mandshurica
F. mandshurica

F. mandshurica
F. mandshurica

F. mandshurica

Ash
species

11.4

12.9

5.6
6.1

27.2

10
13.9

14.5
16

20

DBH
(cm)

Whole tree dissection

Whole tree dissection

109

277

73
23

3

2
2

4
22

3

No. of EAB
collecteda

Whole tree dissection
Whole tree dissection

Bark peeling

Bark peeling
Bark peeling

Bark peeling
Bark peeling

Bark peeling

Survey
method

1

0

0
0

0

0
0

1
11

0

1

0

0
0

0

0
0

25
50

0

0

0

2
6

0

1
0

0
0

0

0

0

3
26

0

50
0

0
0

0

No. of EAB being parasitized .
Spathius % Tetrastichus %
sp.
nov. sp.

Table 2. Summary data for the field plots in which Agrilus planipennis and its natural enemies were found in China during October and
November 2003.
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1

Tianjin, Guangang,
City forest – plot C

b

a

F. pennsylvanica

F. pennsylvanica

Ash
species

All stages observed, including dead and parasitized.
Statistical mean.

Total

1

Tree
#

Tianjin, Guangang,
City forest – plot B

Province, City,
Plot

Table 2. Continued.

6.1

7.2

DBH
(cm)

Bark peeling

Bark peeling

Survey
method

521

1

2

No. of EAB
collecteda

13

0

0

6.3b

0

0

9

0

0

6.6b

0

0

No. of EAB being parasitized .
Spathius % Tetrastichus %
sp.
nov. sp.
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Fig. 3. Spathius sp.
(Braconidae) from Agrilus
planipennis (Buprestidae)
collected in China in November 2003. A. Spathius larvae
on host surface. B. Spathius
cocoons inside host larval
gallery. Bar = 5 mm.

We also found Tetrastichus larvae attacking A. planipennis larvae removed from
two ash 1trees at Changzui of Jianchang Township in Benxi. The A. planipennis
parasitism rates by Tetrastichus nov. sp. were 3, 26, and 50% for the three trees
on which we found this parasitoid (Table 2). The larvae of this parasitoid are
legless and creamy white in color, with multiple parasitoid larvae inside host
larvae (Fig. 4). The number of Tetrastichus sp. in each host ranged from 4 to 29
and averaged 9.4 ± 2.7 (n = 9 parasitized larvae). Some Tetrastichus sp. larvae
were present in A. planipennis galleries after erupting from the host body prior
to pupation. We found Tetrastichus sp. larvae, pupae, and adults arranged
within the A. planipennis galleries in such a way as to reflect the body shape of
the host (Fig. 4). Pupae are exarate, initially white to yellowish with red compound eyes, but within a few days, the pupae become black in color (Fig. 4).
Tetrastichus sp. adults are black; females and males are ca. 5.0 and 2.5 mm in
length, respectively (Fig. 4). A species description for Tetrastichus nov. sp. is in
preparation in China using specimens collected at our newly discovered site in
Benxi during March 2004 (Z-Q. Yang, personal communication).
DISCUSSION
Fraxinus spp. are important timber and ornamental tree species in China
due to high wood quality, attractive crown and trunk, rapid growth, and generally high resistance to pests. Tolerance to wet, alkaline soils makes certain
Fraxinus spp. suitable for afforestation programs in coastal areas. Fraxinus
velutina, native to the southwestern United States, was introduced to the eastern provinces of Hebei, Jiangsu, Shandong and the provincial level city of Tianjin
in the 1950’s (Zhang et al. 1995), whereas F. americana and possibly F.
pennsylvanica were brought to the cities of Shenyang and Harbin from the eastern United States in the 1960’s (X. Wei, personal communication).
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Fig. 4. Tetrastichus nov. sp. (Eulophidae) from Agrilus planipennis (Buprestidae)
collected in China in November 2003. A. Host larvae with Tetrastichus larvae inside.
B. Tetrastichus larvae in gallery. C. Tetrastichus early stage pupae in host gallery.
D. Mature Tetrastichus pupae in host gallery. E. Tetrastichus female.
F. Tetrastichus male. Bar = 1 mm.

Agrilus planipennis is considered an occasional pest of Fraxinus spp. native to China, outbreaks are rare. In the 1960’s, however, A. planipennis outbreaks were common in the Nearctic F. americana plantings in Harbin,
Heilongjiang Province (X. Wei, personal communication) and in Shenyang,
Liaoning Province (Liu 1966). The A. planipennis outbreak in Shenyang collapsed in the late 1960’s, but only after all F. americana trees within the city
died. Similarly, at the experimental forest of Northeast Forestry University in
Harbin, A. planipennis eliminated plantings of F. americana. Since that time,
low populations of A. planipennis remained in nearby F. mandshurica forests (X.
Wei, personal communication). The most recent A. planipennis outbreak was
reported in Tianjin City in 1989 where thousands of F. velutina trees were
infested along streets and in city parks (Zhang et al. 1995). As a result of our
study, four new locations (Changchun and Jilin in Jilin, Benxi in Liaoning, and
Tangshan in Hebei), one new host species (F. pennsylvanica), and a new species
of parasitoid (Tetrastichus nov. sp.) are now known for A. planipennis in China.
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Evidence from current and past A. planipennis outbreaks in China demonstrate different levels of host resistance against A. planipennis between native
Chinese ash species and those introduced from North America. In China, native
ash species such as F. chinensis, F. mandshurica, and F. rhynchophylla are less
likely to be infested by A. planipennis than are F. americana, F. pennsylvanica,
and F. velutina. Lack of coevolution between A. planipennis and Nearctic Fraxinus
spp. may explain this. On the other hand, growing conditions of individual trees
may play a role in resistance of Chinese Fraxinus spp. - For example, A.
planipennis populations were very low on F. mandshurica in natural forests,
whereas seedlings taken from these same forests and planted along roadsides
in Jianchang Township in Benxi suffered heavy A. planipennis attack three
years later (H-T. Zhang, personal communication) (Table 2). Trees may become
more susceptible to A. planipennis due to the stress of transplanting.
Two A. planipennis natural enemies were found in China during this survey,
one a previously reported but undescribed Spathius sp., and the other a new species
of Tetrastichus. Compared to their North American counterparts, where combined
parasitism by all parasitoid species was less than 1%, rates of parasitism reached
up to 50%, suggesting that parasitoids from China may be better adapted to A.
planipennis. The natural enemies of Agrilus spp. indigenous to North America may
be slow to switch from their current hosts to the newly introduced A. planipennis.
Therefore, the introduction of Chinese A. planipennis natural enemies could be
considered if eradication efforts failed. Successful utilization of these two Chinese
parasitoids in future A. planipennis management programs in North America,
however, will require additional studies on parasitoid biology, host specificity, massrearing techniques, and adaptation to local environments.
We found that A. planipennis is not a major pest for native ash species in
China. A combination of inherent tree resistance and natural enemies may be
critical in maintaining A. planipennis populations below an economic injury threshold. The introduction and wide utilization of Nearctic ash species from North
America, however, have brought new challenges to the management of A.
planipennis in China. New approaches such as using native Fraxinus spp. in
plantations and urban settings may also have assisted in elevating the status of
A. planipennis as a pest in localized areas. Although we identified some potential
enemies for possible use as biocontrol agents of A. planipennis in North America,
further study in Asia is needed to identify other natural enemies.
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