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IMPACT OF SIMULATED INSECT DEFOLIATION AND TIMING OF
INJURY ON CABBAGE YIELD IN MINNESOTA
Eric C. Burkness1, Gloria J. Gingera2, and W. D. Hutchison1, 3

ABSTRACT
In 1992 and 1994, field studies were done to assess the tolerance of transplanted cabbage to simulated insect defoliation and to determine if the defoliation level and growth stage at which defoliation begins influences final yield. In
both years, 6 defoliation levels ranging from 0-100% were applied to transplanted cabbage at 4 time intervals. The time intervals began at transplanting,
pre-head and head stages and continued until either head stage or harvest. For
both years, the only time interval with significantly higher yield than the transplant to harvest interval (longest interval) was the head to harvest interval
(shortest interval) and significant yield loss occurred only when defoliation was
>12.5%. Results suggest that transplanted cabbage can withstand relatively
low levels of defoliation before yield loss occurs but that yield loss is also related
to the duration over which defoliation occurs. In early growth stages, to protect
yield, pest management practices should focus on reducing the interval over
which damage occurs. The use of cultural practices that delay the onset of
defoliation or allow avoidance of pests could protect yield. These strategies may
include using transplants to shorten the time from planting to harvest or using
planting dates that allow significant plant growth (i.e., head stage) before defoliators are able to infest the crop and cause significant damage. In addition,
management strategies that reduce pest populations can also protect yield but
at the head stage should switch to managing pests to protect marketability by
reducing aesthetic damage and head contaminants.
____________________
The primary lepidopteran pests of cole crops are similar throughout the
United States and Canada. Diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae), imported cabbageworm, Pieris rapae (L.) (Lepidoptera:
Pieridae), and cabbage looper, Trichoplusia ni (Hübner) (Lepidoptera: Noctuidae),
have been reported as the most consistent lepidopteran pests on cabbage in
Florida and Georgia (Workman et al. 1980), New York (Shelton et al. 1982),
California (Wyman and Oatman 1977), Virginia (Kok and McAvoy, 1989), Minnesota (Cranshaw and Default 1982, Wold-Burkness et al. 2005) and in Ontario
(Stewart et al. 1990).
To facilitate adoption of integrated pest management (IPM) programs for
cole crops, action thresholds for the lepidopteran pest complex have been developed in North America. Threshold levels for lepidopteran pests on fresh market
cabbage were initially developed in Florida (Greene 1972) at 0.1 cabbage looper
larvae per plant with insecticide applications starting at the pre-cupping growth
stage or whenever insects were first present. Shelton et al. (1982), in upstate
New York, recommended 0.5 cabbage looper equivalents (CLE) per plant to
ensure 95% of the crop without any head injury. The CLE method was useful for
integrating the impact of each of the three lepidopteran pests, where 20 diamondback moth larvae and two imported cabbage worm larvae were found to be
1
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equivalent to the damage of one cabbage looper larva. Both Chalfant et al.
(1979) and Workman et al. (1980) suggested one to two initial feeding sites (new
holes) per plant could be tolerated without a marketable loss in fresh market
cabbage. A presence-absence threshold has been developed based on the presence or absence of any of the three pests (Shelton et al. 1983). This method is
attractive because of considerable reductions in sampling costs. However,
because of high crop value and potential for damage by any member of the pest
complex, insecticides are often used on a weekly schedule. Presently, the primary problem with insecticide use is the loss of efficacy attributed to resistance
by the diamondback moth. Liu et al. (1982) documented moderate resistance to
four synthetic pyrethroids (permethrin, cypermethrin, decamethrin and
fenvalerate) for one strain of diamondback moth in China, and a substantially
greater resistance to the same pyrethroids by a second strain. More recently,
Liu et al. (2003) discovered that populations of P. xylostella and T. ni from South
Texas were less susceptible to indoxacarb and lambda-cyhalothrin than populations from Minnesota. Of equal concern are reports of resistance in P. xylostella
to the bacterium, Bacillus thuriengiensis var. kurstaki in Hawaii (Tabashnik et
al. 1990), and to synthetic insecticides in North America (Shelton et al. 1993).
Because Minnesota growers continue to use more preventative spray schedules
and we have had difficulty using the present threshold for T. ni (W. D. Hutchison
unpublished data), we elected to conduct a pest injury study to simulate a broad
range of defoliation levels.
Specifically, our objective was to determine the amount of leaf damage
(percent defoliation) that transplanted cabbage could withstand during selected
intervals from transplant through harvest before significant yield loss occurred
under dryland production systems in southern Minnesota. Simulated insect damage was intended to simulate the effects of actual insect defoliation on the plant.
METHODS AND MATERIALS
Established seedlings (2-3 leaf stage) of a representative fresh market
cabbage hybrid (Gourmet) were transplanted into a commercial production field
in Apple Valley, Minnesota, 26 June 1992 and 3 May 1994. Plants were placed
in single row plots, 8.4 meters in length with approximately 0.6 m between rows.
Permethrin (Pounce 3.2EC, FMC Corporation, Philadelphia, PA) at 0.25 lb AI/
hectare, methomyl (Lannate 1.8 L, E.I. duPont de Nemours and Company,
Wilmington, DE) at 1.11 lb AI/hectare, and metasystox-R (Gowan Company,
Yuma, AZ) at 1.24 lb AI/hectare were applied at 10 day intervals (4 total applications) to suppress aphid and lepidopteran feeding damage.
The experiment consisted of six defoliation levels applied at four different
time intervals. The two-factor study was arranged as a split-plot design with
defoliation timing as the main plot, split by defoliation levels; with each treatment replicated four times. Levels of defoliation were 0, 12.5, 25, 50, 75 and
100%. The four time intervals were: 1) transplant until heading; 2) transplant
to harvest; 3) pre-heading (or cupping, 10-13 leaf stage) to harvest; and 4) heading to harvest. Pre-heading was defined as the period when the leaves were
starting to cup or curl over to form heads, but a firm head was not yet present.
Heading was defined when 90% of the plants in the control plots formed firm
heads.
A “scissor” defoliation method similar to that of Stewart et al (1990) was
used throughout the study. The midrib of the leaf was assumed to be the vertical
line on the leaf that divided it into equal halves. An imaginary horizontal line
was drawn to cut the leaf into quarter sections. Each quarter section was then
assumed to equal 25% of the leaf area. In the 25% treatment, the top right hand
quarter of the leaf was removed; for 50%, the top and bottom of the right hand
side were removed; for 75%, the top and bottom quarters from the right hand
side and the top quarter section of the left hand side of the leaf were removed. In
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the 12.5% defoliation level, one half of the top right hand quarter section of the
leaf was removed; and for 100%, the top and bottom quarter sections of the right
and left hand side of the leaf were removed. In each case, the midrib of the leaf
was left intact. The first defoliation occurred 7 July, 1992, eleven days after
transplanting in year one, and 16 May 1994, thirteen days after transplanting
in year two. Subsequent defoliation dates are summarized in Table 1. Only new
growth on each plant within each single-row plot was defoliated on each date.
Previously defoliated leaves were not defoliated a second time.
Yield for each treatment was evaluated by harvesting each plot 9 September in 1992 and 13 and 14 July in 1994. Within each 8.4 m plot, two 3 m sections
of row were harvested. The first 0.6 m were left standing, the next 3 m were
harvested, 1.2 m were left standing, 3 m harvested, and last 0.6 m left standing.
Each plant within each 3 m section was harvested with four wrapper leaves.
Heads were then counted and bagged. Each bag was weighed using a digital
field scale (Doran Scale Inc.). Final yield per plot was averaged for the two 3
meter sections, and adjusted to a constant 10 head per plot basis.
Data analysis. Yield data from the simulated insect defoliation experiments were analyzed for each year separately as split-plot designs with main
(time) and nested (defoliation) factors. Means were separated using the RyanEinot-Gabriel-Welsch multiple range (REGWQ) test (P = 0.05) (SAS Institute
1995). Yield response-defoliation curves were fitted using non-linear regression
(PROC NLIN, SAS Institute 1995) and a 3-parameter Weibull model (Hutchison
and Campbell 1994, Burkness and Hutchison 1998):
y = a * EXP [ – 1 * (x / b)c]
x,a,b,c > 0
(1)
where y = average loss in yield (kg), x = percent defoliation, a = maximum yield
(y-intercept), b = scale parameter, and c = shape parameter. Parameter estimates for each timing treatment were compared using Welch’s unpaired t
(Oehlert 2000) with a Bonferroni adjustment for multiple comparisons. This
analysis was used to create simultaneous 95% confidence intervals for differences in a, b and c parameter estimates between timing treatments. If the
confidence interval between each pair wise combination included zero, parameter estimates were considered to not be significantly different with an error
rate of 0.05 (Koch et al. 2003).
RESULTS AND DISCUSSION
In 1992, the time period of weekly defoliations for transplant to head
encompassed 4 weeks (timing 1), the transplant to harvest covered 8 weeks
(timing 2), pre-head to harvest continued for 6 weeks (timing 3) and head to
harvest lasted 4 weeks (timing 4). In 1994, the time period over which weekly
defoliations were done for transplant to head was 5 weeks (timing 1), transplant to harvest was 8 weeks (timing 2), pre-head to harvest was 5 weeks (timing 3) and head to harvest was 4 weeks (timing 4). In 1992 and 1994, both
timing of defoliation and defoliation level were significant (Table 2). The interaction between timing of defoliation and defoliation level for mean yield was
only significant in 1992 (Table 2). No significant yield loss occurred in either
year when results from the 12.5% defoliation treatment were compared to 0%
defoliation treatment (Table 3). Significant yield loss occurred at all defoliation
levels greater than 12.5% when compared to the 0% defoliation level and defoliation levels higher than 12.5% were significantly different from each other
(Table 3). In 1992 and 1994, the transplant to harvest interval (timing 2) had
the lowest average yield and was significantly lower than the head to harvest
interval (timing 4), which had the highest average yield in both years (Table 3).
In 1992 and 1994, all yield response curves for the different timing intervals had a similar shape (Figs. 1 and 2). Compared to the 0% defoliation
treatment, for all timings in both years, significant yield loss did not occur until
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Table 1. Defoliation event, timing and date of defoliation for simulated insect
defoliation of ‘Gourmet’ cabbage, Apple Valley, MN 1992 and 1994.
Defoliation
event

Date

1
2
3
4
5
6
7
8

7/7
7/14
7/21
8/6
8/13
8/20
8/27
9/1

1992

Timings
Defoliateda

Date

1 and 2
1 and 2
1, 2, and 3
1, 2, and 3
2, 3, and 4
2, 3, and 4
2, 3, and 4
2, 3, and 4

5/16
5/25
5/31
6/8
6/13
6/21
6/28
7/7

1994

Timings
Defoliateda
1 and 2
1 and 2
1 and 2
1, 2, and 3
1, 2, and 3
2, 3, and 4
2, 3, and 4
2, 3, and 4

a
The four time periods were: 1) transplant to heading; 2) transplant to harvest; 3)
pre-heading (or cupping, 10-13 leaf stage) to harvest; and 4) heading to harvest.
Pre-heading was defined as the period when the leaves were starting to form heads,
but a firm head was not yet present. Heading was defined when 90% of the plants
in the control plots formed firm heads.

Table 2. Yield response of ‘Gourmet’ cabbage following simulated insect defoliation;
Split plot ANOVA for 1992 and 1994, Apple Valley, MN.
Variables

Degrees of
freedom

Sums of
squares

Mean
squares

F-value

P>F

ANOVA (1992)
time
defoliation
time × rep
time × defol.
replicate

3
5
9
15
3

31.45
2628.15
37.04
172.96
72.76

10.48
525.63
4.12
11.53
24.25

3.62
181.39
1.42
3.98
8.37

0.0181
0.0001
0.1999
0.0001
0.0001

ANOVA (1994)
time
defoliation
time × rep
time × defol.
replicate

3
5
9
15
3

30.21
990.86
68.96
28.57
8.03

10.07
198.17
7.66
1.90
2.68

7.01
137.95
5.33
1.33
1.86

0.0004
0.0001
0.0001
0.2166
0.1458

15.80
15.76
13.58
11.33
6.21
1.54

(± 0.5) a
(± 0.7) a
(± 0.6) b
(± 0.7) c
(± 0.7) d
(± 0.4) e
0.0001

1992
10.61
9.68
8.89
7.09
4.24
1.45

(± 0.6) a
(± 0.4) ab
(± 0.3) b
(± 0.3) c
(± 0.4) d
(± 0.3) e
0.0001

1994
Transplant – Head
Transplant – Harvest
Pre-head – Harvest
Head – Harvest

Timing of
Defoliation
11.06
10.00
10.31
11.43

1.1)
1.4)
1.3)
0.9)

0.0181

(±
(±
(±
(±

1992
ab
b
ab
a

7.09
6.43
6.52
7.84

0.7)
0.8)
0.8)
0.6)
0.0004

(±
(±
(±
(±

1994
ab
b
b
a

Mean (± SEM) yield/10 heads (kg)

Means within column followed by the same letter are not significantly different (P = 0.05); Ryan-Einot-Gabriel-Welsch multiple
(REGWQ) range test.

0
12.5
25
50
75
100
P>F

Defoliation (%)

Mean (± SEM) yield/10 heads (kg)

Table 3. Simulated insect defoliation of cabbage: Yield response for defoliation level and timing of defoliation, Apple Valley, MN, 1992
and 1994.
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25 or 50% defoliation. In 1992 and 1994 the transplant to head and head to
harvest (Fig. 1a and d; Fig. 2a and d) intervals experienced a more gradual
decline in yield as defoliation level increased than the transplant to harvest and
pre-head to harvest (Fig. 1b and c; Fig. 2b and c) intervals. Higher yields in the
head to harvest defoliation period could be explained by a shorter time interval
of defoliation for the 3-4 week period vs. 8 weeks for the transplant to harvest
interval. Despite the apparent differences in yield among timing treatments,
the analysis of parameter estimates derived from the Weibull model (Table 4)
indicated no differences in maximum yield (yield potential) between timing
treatments. In addition, the rate of defoliation at which yield loss occurred was
not significantly different between defoliation timings (Fig. 3a and b). This is
further evidence that the growth stage where defoliation occurs does not influence yield loss, but rather the duration and therefore the cumulative amount of
defoliation determines yield loss (Fig. 3a and b).
Previous experiments have been conducted which attempt to simulate the
effects of feeding habits of various lepidopteran pests on cole crops. In Minnesota, Cranshaw and Default (1982) concluded that only total defoliation (100%
defoliation with the midrib left intact) consistently affected head weights of
broccoli plants. However, they also concluded that pre-heading insecticide treatments on broccoli may be eliminated since final yields (‘Premium crop’ and
‘Southern Comet’) were not affected by the loss of a significant (> 50%) amount
of foliage. Wit (1985) found that for spring cabbage plants to show a 3% decrease in yield, they could tolerate 25% defoliation during the transplanting
stage, but only 5% defoliation during the head stage. Shelton et al. (1990)
determined that cabbage plants can tolerate some levels of continuous leaf
feeding before and after head formation. Studies performed by Stewart et al.
(1990) confirmed that cauliflower was able to withstand several defoliations of
up to 36% leaf damage before a decrease in yield occurs. These studies all
indicate that, in general, cole crops have the ability to compensate for defoliation events and in some cases may tolerate relatively high levels of defoliation.
The ability of cabbage to withstand up to 25% defoliation without significantly affecting yield may be explained by the large amount of leaf area (photosynthetic area) that accumulates early in the growth of the plant, and may
create an excess of leaf area (Harris 1974). Yield loss is also affected by the time
interval over which damage occurs. Wit (1985) found that for spring cabbage,
the most consistent yield losses occurred when defoliation was initiated at
transplanting and continued to harvest. The longer the damage period (i.e.,
transplant to harvest) the more likely a yield reduction will occur because overall defoliation levels per plant are likely to be higher. In 1992 and 1994, the
head to harvest damage interval was 4 and 3 weeks, respectively, and resulted
in the highest yields (Table 3). Conversely, the transplant to harvest interval
was 8 weeks in both years. Therefore the goal of managing defoliating pests on
cabbage is to reduce the damage interval which should reduce overall defoliation levels.
Yield loss in cabbage is a result of both the magnitude of defoliation and
duration over which the defoliation occurs. Regardless of the growth stage at
which defoliation is initiated the yield loss follows the same general trend as
the amount of defoliation increases. Results suggest that cultural practices
that delay the onset of defoliation or allow avoidance of pests could protect yield.
These strategies may include using transplants to shorten the time from planting to harvest or using planting dates that allow significant plant growth (i.e.,
head stage) before defoliators are able to infest the crop and cause significant
damage. In addition, management strategies that reduce pest populations can
also protect yield. These strategies may include the use of insecticides or biological control measures. As Shelton et al. (1990) have concluded, cabbage may
tolerate low levels of insect feeding before and after head formation without
resulting yield loss. Therefore, reducing pest populations below levels that can
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Figure 1. Yield response of simulated insect defoliation plots for timing interval 1-4 for
1992, Apple Valley, MN. Timing intervals were as follows: 1) transplant to heading (A),
2) transplant to harvest (B), 3) pre-heading (or cupping, 10-13 leaf stage) to harvest (C),
and 4) heading to harvest (D). Non-linear regression was done using a 3-parameter
Weibull function (equation 1, see text).

cause 12.5% defoliation should protect yield. For fresh-market cabbage, the
need to protect the marketability of the head may require the use of insecticides.
To minimize the presence of pests on or in the head at harvest (contaminants)
and to reduce direct feeding on the head, the use of insecticides that provide a
rapid decrease in the pest population may be necessary.
Our findings are similar to those of Shelton et al. (1982) where they proposed that insect levels may be allowed to increase prior to the heading stage
without suffering a loss in yield or marketability of cabbage, but treatment
must occur upon initiation of the head. This should allow pest populations to
reproduce without the selection pressure of insecticides and delay the development of resistance. However, we also propose that pest management, based on
treatment thresholds, is necessary in early growth stages (transplant to head)
to reduce the interval over which damage occurs and preserve cabbage yield.
Once the crop has reached the head stage, yield protection may not be the main
consideration as the time between the head stage and harvest is too short for
significant yield loss to occur under normal pest populations. At head stage, the
primary concern becomes minimizing defoliation damage and pest presence
(contaminants) to preserve the marketability of the cabbage head, especially for
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Figure 2. Yield response of simulated insect defoliation plots for timing interval 1-4
for 1994, Apple Valley, MN. Timing intervals were as follows: 1) transplant to
heading (A), 2) transplant to harvest (B), 3) pre-heading (or cupping, 10-13 leaf
stage) to harvest (C), and 4) heading to harvest (D). Non-linear regression was
done using a 3-parameter Weibull function (equation 1, see text).

fresh-market sale. Again, the best way to maintain cabbage quality and minimize pest resistance to insecticides is through the use of treatment thresholds.
Marketability ratings have been created for cabbage to indicate the salability of
a cabbage crop (e.g., Greene et al. 1969; Hines and Hutchison 2001). With this
information, growers and crop consultants should be able to tailor pest management recommendations that both preserve yield and marketability. In addition, knowledge of these relationships should instill more confidence in established thresholds (Shelton et al. 1983, Hines and Hutchison 2001) available for
the North Central U.S.A.
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Figure 3. Yield response of simulated insect defoliation plots for the combined
timing intervals in 1992 (A) and 1994 (B), Apple Valley, MN. Timing intervals that
were combined for each year were as follows: 1) transplant to heading, 2) transplant
to harvest, 3) pre-heading (or cupping, 10-13 leaf stage) to harvest, and 4) heading
to harvest. Non-linear regression was done using a 3-parameter Weibull function
(equation 1, see text).
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0.14)
2.06)
a
a
a
a

a
a
a
a

c (± SEM)a

2793.91*
169.90*
1322.49*
452.25*

646.52*
276.19*
17167.30*
164.62*

F

0.999
0.994
0.999
0.998

0.998
0.996
0.999
0.994

r2

Means within a column followed by the same letter are not significantly different; 95% confidence intervals (constructed using Welch’s
unpaired t with a Bonferroni adjustment for multiple comparisons) for the difference in parameter estimates between treatments
include zero.
a
Curves were fit to the data using a 3-parameter Weibull model: y = a * EXP [ – 1 * (x / b)c]; x,a,b,c > 0, where y = average loss in yield
(kg), x = percent defoliation, a = maximum yield (y-intercept), b = scale parameter, and c = shape parameter.
*P < 0.001.

15.17
17.26
15.92
14.35

a (± SEM)a

1992
Transplant – Head
Transplant – Harvest
Pre-head – Harvest
Head – Harvest

Timing of Defoliation

Table 4. Parameters statistics for the Weibull model for yield loss response of cabbage to simulated insect defoliation at selected time
intervals, 1992 and 1994, Apple Valley, MN.
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TOMICUS PINIPERDA (COLEOPTERA: SCOLYTIDAE) REPRODUCTION
AND DEVELOPMENT IN SCOTS, JACK, RED AND EASTERN WHITE
PINE UNDER LABORATORY CONDITIONS
Hui Ye1, Robert A. Haack2, and Toby R. Petrice2

ABSTRACT
The pine shoot beetle, Tomicus piniperda (L.) (Coleoptera: Scolytidae), is an
exotic bark beetle in North America that was first found in the Great Lakes region
in 1992. We evaluated T. piniperda reproduction and development in one Eurasian pine (Scots pine, Pinus sylvestris L.) and three North American pines (jack
pine, P. banksiana Lamb.; red pine, P. resinosa Ait.; and eastern white pine, P.
strobus L.) under laboratory conditions. We introduced one pair of adults into
individual pine bolts, allowed development, collected brood, and later debarked
all bolts and measured galleries. Reproduction and development occurred in all
pine species tested. Mean phloem thickness varied significantly among the bolts
used to represent the four pine species; it was thickest in red pine (1.3 mm) and
thinnest in jack pine (0.6 mm). Linear regression analysis indicated that initial
brood production (larval galleries per cm of egg gallery) increased significantly
with increasing phloem thickness (r2 = 0.36), using the pooled data set for all four
pine species. Using phloem thickness as a covariate, mean initial brood density
(larval galleries per cm of gallery) was significantly highest on red pine, intermediate on Scots pine and white pine, and lowest on jack pine. Overall brood survival
was highest on Scots pine (86%) and lowest on jack (72%) and white pine (76%);
phloem thickness was not a significant covariate in this analysis.
____________________
The pine shoot beetle [Tomicus piniperda (L.), (Coleoptera: Scolytidae)] is
a serious pest of pines (Pinus) in Eurasia (Bakke 1968, Långström 1983, Ye
1991). This bark beetle is native to Eurasia and parts of North Africa where it
can cause severe growth loss and occasional tree mortality (Kaplan and
Mokrzycki 1988, Amezaga 1996, Hui and Lieutier 1997, Långström et al. 2001).
In North America, T. piniperda was first discovered in 1992 in Ohio, and as of
January 2006, it was found in 15 US states and 2 Canadian provinces (Haack
and Poland 2001, Haack 2006).
Tomicus piniperda is univoltine throughout its range (Långström 1983).
Adults fly from overwintering sites in early spring and breed in recently cut pine
trees, stumps, and severely stressed pine trees (Bakke 1968, Salonen 1973, Ye
1991, Haack and Lawrence 1995a, 1995b). Adults utilize primarily host monoterpenes to locate suitable brood material (Byers et al. 1985, Brattli et al. 1998), but
may also use pheromones (Poland et al. 2003). Larvae develop beneath the bark in
the cambial region. Progeny adults emerge from brood material in early summer,
fly to live pine trees, and complete their sexual maturation by tunneling and feeding
inside shoots (Ye 1996, Haack and Lawrence 1997, Siegert and McCullough 2001a,
2001b, Poland et al. 2002). Shoot-feeding continues throughout summer and autumn (Haack et al. 2000, Ryall and Smith 2000). When freezing temperatures
occur in autumn, adults move to overwintering sites along the lower trunk of live
pine trees (Haack et al. 2001, Petrice et al. 2002, Ye et al. 2002). In regions where
winters are mild, however, adults often overwinter in shoots (Ye 1991).
Department of Biology, Yunnan University, Kunming, Yunnan, P.R. China.
USDA Forest Service, North Central Research Station, 1407 S. Harrison Road, E.
Lansing, MI 48823.
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In northern Eurasia, Scots pine (Pinus sylvestris L.) is the principal host of T.
piniperda. Scots pine also is widely planted throughout the Great Lakes region of
North America where the three native pines are jack pine (P. banksiana Lamb.),
red pine (P. resinosa Ait), and eastern white pine (P. strobus L.; we will refer to this
species simply as “white pine” in this paper). Several field and laboratory studies
have been conducted in recent years to evaluate the relative attractiveness and
suitability of Scots pine and various North American pines for T. piniperda reproduction and shoot-feeding (Sadof et al. 1994, Långström et al. 1995, Lawrence
and Haack 1995, Haack and Lawrence 1997, Ryall and Smith 2000, Siegert and
McCullough 2001a, 2001b, 2003, Eager et al. 2004, Morgan et al. 2004). In some
field studies, for example, T. piniperda attack densities were significantly higher
on Scots pine compared with various North American pines; however, subsequent
brood production was at times significantly lower on Scots pine in these same
studies (Långström et al. 1995, Ryall and Smith 2000). In these cases, lower
brood production on Scots pine could have resulted from higher levels of intraspecific competition that resulted from the higher initial attack densities on Scots
pine. Given the difficulties in controlling attack densities in field studies, we
initiated a laboratory study in which we could control initial T. piniperda attack
density on pine bolts. Our objective was to compare T. piniperda gallery construction, oviposition, and progeny production in jack, red, Scots, and white pine under
controlled laboratory conditions.
As an introduction to bark beetle egg-galleries, there is typically an initial
egg-free zone, followed by a zone of active oviposition that we will refer to as the
egg zone, and then a terminal egg-free zone (Haack et al. 1987b). Eggs are laid
sequentially as the female extends her gallery, i.e., the oldest eggs are those
nearest the entrance (Schmitz 1972, Gouger et al. 1975). The initial egg-free
gallery usually reflects the time period when flight muscles of parent females
diminish in size, ovaries enlarge, and the first eggs mature. By contrast, the
terminal egg-free zone typically represents the period when egg production stops,
ovaries diminish in size, and flight muscles enlarge as parent females prepare
to depart the current gallery and seek a new host (Reid 1958, Borden and Slater
1969). Egg laying typically is terminated when egg galleries reach the end of a
log or approach other galleries, brood, or phloem already colonized by bluestain
fungi (Franklin 1970, Yearian et al. 1972, Wagner et al. 1982, Ye and Dang
1986, Haack et al. 1987b). After completing their first gallery, many parent
adults initiate a second gallery, or sister brood, on the same or a different host
plant (Stark 1982). Production of sister broods is common in T. piniperda
(Sauvard 1993).
MATERIALS AND METHODS
Bolt Collection. In late March 2002, we cut 30-35 bolts per tree species
from trunks of apparently healthy jack, red, Scots, and white pine trees at the
Michigan State University’s W. K. Kellogg Experimental Forest near Augusta,
Michigan (42°22’N, 85°21’W). Bolts were cut to 30-cm lengths and ranged from
13.5 to 14.1 cm in diameter (outside bark). We dipped the bolt ends in melted
wax to slow moisture loss and stored them indoors. Each bolt was considered a
separate experimental unit given that bolt diameter and phloem thickness
often varied from bolt to bolt even within an individual tree.
Adult Collection. We collected T. piniperda adults with α-pinene-baited
funnel traps placed in a Scots pine Christmas tree plantation near Mason,
Michigan (42°34’N, 84°22’W), in early April 2002 when T. piniperda adults
were emerging from their overwintering sites and seeking brood material. We
placed bark and phloem strips of Scots pine in the collection cups to provide the
beetles with food and a substrate to walk on. Adults were collected daily, taken
to the laboratory, sexed, and refrigerated at 4-5°C until used, which was usually
within 1-2 days. Only active, undamaged adults were used in the laboratory
studies.
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Introduction of Adults into Bolts. We punched a “starter hole” with a
2.5 mm diameter nail through the outer bark to the underlying phloem (inner
bark) at an upward angle near the base of each bolt. One pair of T. piniperda
adults was inserted into each bolt. First, a single female was inserted into each
starter hole and covered with one-half of a gelatin capsule to prevent the female
from exiting. We pierced the end of the gelatin capsule with a heated probe to
allow ventilation. Bolts were stood upright so that the inserted beetle was near
the bottom of each bolt. Given that T. piniperda adult females construct egg
galleries along the wood grain, we assumed that most females would excavate
their gallery in an upward direction. We checked the bolts daily for frass accumulation in the gelatin capsules, which would indicate that females had initiated egg gallery construction. In bolts where frass was accumulating in the
gelatin capsules, we added a single male to each capsule 2-3 days after the
female had been introduced. If no frass was present after 2 days, we replaced
the female. We continued this procedure until there was active tunneling in all
bolts. After about 1 week, we removed the gelatin capsules and placed each bolt
inside an individual cardboard tube. Plastic lids with screening for ventilation
were placed on the tube ends, and a clear collection cup was attached to each end
to capture emerging progeny adults. Tubes were laid horizontally on shelves in
the laboratory and checked daily for adult emergence. Bolts were positioned
within the tubes so that the introduced adults were located on the upper surface
of the bolt.
Data Collection. Adult T. piniperda were collected from each tube for 2
months and then counted, dried, and weighed. All bolts were dissected over the
next few weeks. We measured phloem thickness at six or more locations along
the length of each egg gallery where no feeding had occurred to estimate average
phloem thickness. We identified the boundary between phloem and periderm
(outer bark) based on color. Given that phloem thickness was not measured for
2-3 months after the trees were cut, some desiccation of the phloem likely occurred even though the bolt ends were waxed. Therefore, the phloem thickness
values reported in our study are conservative. For each egg gallery, we recorded
total gallery length, distance from the tunnel entrance to the first egg niche,
length of gallery that contained eggs (egg zone), terminal egg-free gallery length,
and number of associated larval galleries. Bark beetles deposit a single egg in
each egg niche. The number of eggs laid per unit length of egg gallery is commonly called egg density (Haack et al. 1984a, 1984b, Popp et al. 1989). However, because not all egg niches were clearly visible due to feeding by larvae and
brood adults, we calculated initial brood density based on the number of larval
galleries in relation to (a) the total length of the first egg gallery constructed on
each bolt (no sister broods included) and (b) the length of the egg zone.
Statistical Analyses. Data were analyzed by chi-square analysis and
one-way analysis of variance (ANOVA) to test for significant differences among
tree species (Statistix 2003). Because mean phloem thickness was found to
vary significantly among pine species, we conducted one-way analysis of covariance (ANCOVA) on some brood parameters using phloem thickness as a
covariate. Percentage data were analyzed after arcsine square-root transformation. Linear regression analysis was performed on the number of T. piniperda
larval galleries per centimeter of total egg gallery vs. phloem thickness. When
means varied significantly at P = 0.05, a means separation test was conducted
with the LSD multiple range test.
RESULTS
Bolt Parameters. Mean bolt diameter and surface area did not vary
significantly among pine species (diameter: F = 1.3; df = 3,93; P > 0.27; area: F =
1.4; df = 3,93; P > 0.26). However, mean phloem thickness did vary significantly
among the four pine species (F = 19.6; df = 3,93; P < 0.0001); phloem was thickest
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in red (1.3 mm; range 0.9-2.0 mm thick) and white pine (1.1 mm; 0.7-2.2), intermediate in Scots pine (0.9 mm; 0.4-1.5), and thinnest in jack pine (0.6 mm; 0.41.2; Table 1).
Gallery Construction. Overall, more than 80% of T. piniperda females
in our study successfully excavated egg galleries and oviposited in bolts of Scots
pine, red pine and white pine, whereas only 53% of females excavated egg galleries in jack pine (Table 1; chi square = 12.3; df = 3; P < 0.007). When females
produced multiple broods, the second gallery was constructed on portions of the
bolts that were previously not occupied and therefore there was minimal interference between multiple broods on individual bolts. Of the 97 bolts with at
least one successful gallery, 39 had a second gallery (Table 1). Overall, 48% of
Scots pine bolts with one gallery had a second gallery, and similarly, 48% on
white pine, 32% on red pine, and 25% on jack pine. These proportions did not
differ significantly (chi square = 3.7; df = 3; P > 0.29). Total length of the initial
(first) egg gallery constructed in each bolt was longest in jack pine (F = 4.8; df =
3,93; P < 0.004; Table 1). This resulted from egg galleries in jack pine having
significantly longer initial egg-free zones (F = 10.8; df = 3,93; P < 0.0001) and
terminal egg-free zones (F = 9.9; df = 3,93; P < 0.0001), considering that no
significant differences were noted among pine species in average egg-zone length
(F = 1.3; df = 3,93; P > 0.28; Table 1).
Brood Characteristics. Mean brood density (No. larval galleries per cm
egg gallery) based on total gallery length varied significantly among pine species when calculated using either ANCOVA (F = 8.7; df = 3,92; P < 0.0001) or
ANOVA (F = 23.5; df = 3,93; P < 0.0001); phloem thickness was a significant
covariate (F = 12.6; df = 1,92; P < 0.0006). In both analyses, mean brood density
was highest in red pine and lowest in jack pine (Table 1).
Phloem thickness was not a significant covariate when mean brood density within the egg zone was compared among tree species (F = 0.7; df = 1,92; P
> 0.406); therefore, only ANOVA was performed. The ANOVA results indicated
that mean initial brood density within the egg zone varied significantly among
pine species (F = 23.5; df = 3,93; P < 0.0001), being highest in red pine and lowest
in jack pine (Table 1).
Linear regression analysis, for all host species combined, indicated that
initial brood density based on total egg-gallery length and not adjusted for
phloem thickness increased significantly and positively with increasing phloem
thickness (Fig. 1). When the linear relationship between initial brood density
and phloem thickness was evaluated separately for each pine species, significant relationships were found for jack (F = 11.6; df = 1,14; P < 0.005), Scots (F =
5.43; df = 1,22; P < 0.03), and white pine (F = 5.47; df = 1,29; P < 0.027), but not
red pine (F = 0.5; df = 1,23; P > 0.48).
Mean number of larval galleries present in the initial egg gallery varied
significantly among pine species when calculated using either ANCOVA (F =
3.3; df = 3,92; P < 0.025) or ANOVA (F = 23.5; df = 3,93; P < 0.0001); phloem
thickness was a significant covariate (F = 18.4; df = 1,92; P < 0.0001). Mean
separation tests following both analyses indicated that the mean number of
larval galleries per egg gallery was significantly highest in red pine (Table 1).
The maximum number of larval galleries recorded for a single egg gallery was 95
in red pine, 92 in Scots pine, 93 in white pine, and 45 in jack pine.
Progeny Adults. Mean survivorship of progeny from larvae to adults was
significantly highest on Scots pine (86%), intermediate on red pine (80%) and
lowest on white pine (76%) and jack pine (72%) (ANOVA, F = 3.9; df = 3, 93; P <
0.012; Table 1). Mean body size (dry weight) of progeny adults did not vary
significantly among host species (ANOVA; F = 1.87; df = 3,93; P > 0.15; Table 1).
Phloem thickness was not a significant covariate with respect to either brood
survival (F = 0.08; df = 1,92; P > 0.77) or body size (F = 0.42; df = 1,92; P > 0.51);
therefore, only ANOVA was performed.

14.1
13.3
0.6
30
16
4
11.1
3.7
4.6
2.8
2.6
1.8
4.8
31.3
20.9
72.2
1.7
+
+
+
+
+
+
+
+
+
+
+

0.6 a
0.4 a
0.7 a
0.3 a
0.5 c
0.3 c
0.6 c
4.9 b
3.1 c
4.1 b
0.04 a

+ 0.2 a*
+ 0.2 a
+ 0.1 c

Jack pine
13.4
12.6
1.3
31
25
8
9.0
1.7
6.1
1.2
5.7
6.2
9.8
48.6
55.2
80.1
1.6
+
+
+
+
+
+
+
+
+
+
+

0.6 b
0.3 b
0.5 a
0.1 b
0.3 a
0.3 a
0.7 a
3.8 a
4.3 a
2.2 ab
0.04 a

+ 0.2 a
+ 0.2 a
+ 0.1 a

Red pine
13.5
12.7
0.9
31
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12
8.2
1.6
5.4
1.2
4.3
4.0
6.9
37.2
33.4
85.6
1.7
+
+
+
+
+
+
+
+
+
+
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0.5 b
0.3 b
0.5 a
0.3 b
0.3 b
0.4 b
0.7 b
3.6 b
3.9 b
1.8 a
0.05 a

+ 0.3 a
+ 0.3 a
+ 0.1 b

Scots pine
13.8
13.0
1.1
35
31
15
8.3
1.8
5.0
1.5
4.4
4.7
8.4
35.2
38.3
75.9
1.6
+
+
+
+
+
+
+
+
+
+
+

0.5 b
0.2 b
0.4 a
0.1 b
0.3 b
0.3 b
0.6 ab
3.24 b
3.4 b
2.2 b
0.04 a

+ 0.2 a
+ 0.2 a
+ 0.1 a

White pine

ANOVA
ANOVA
ANOVA
ANOVA
ANCOVA
ANOVA
ANOVA
ANCOVA
ANOVA
ANOVA
ANOVA

ANOVA
ANOVA
ANOVA

Test**

* Means (within rows) followed by the same letter are not significantly different at the P = 0.05 level (LSD multiple range test).
** Analyses for the brood parameter data (lower 7 lines) were first performed with a one-way analysis of covariance (ANCOVA), using
phloem thickness as a covariate. If the covariate was significant (< 0.05), then the test was listed as ANCOVA and the adjusted means
are given. If the covariate was not significant, then a one-way ANOVA was performed and the unadjusted means are presented in the
table.

Bolt diameter (cm)
Bolt area (dm2)
Phloem thickness (mm)
Initial No. females
No. successful first galleries
No.bolts with multiple broods
Total egg gallery length (cm)
Initial egg-free gallery (cm)
Length of egg zone (cm)
Terminal egg-free gallery (cm)
Larval galleries per cm of egg gallery
Larval galleries per cm of egg gallery
Larval galleries per cm of egg zone
No. larvae in 1st egg gallery
No. larvae in 1st egg gallery
Survival from larva to adult (%)
Progeny adult dry wgt (mg)

Parameter

Total or mean (+ SE)

Table 1. Summary data for bolts and T. piniperda gallery construction, reproduction, and brood production in jack, red, Scots and white
pine bolts under laboratory conditions.
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Figure 1. Linear regression analysis for Tomicus piniperda brood density (BD; larval
galleries per centimeter of total egg gallery for the first egg gallery constructed on each
bolt) vs. phloem thickness (PT in mm) for all four pines species combined.

DISCUSSION
As adult bark beetles construct their galleries, they tunnel primarily in
phloem, which is softer and more nutrient rich compared with either xylem or
outer bark (Stark 1982, Haack and Slansky 1987). Phloem thickness is known
to strongly influence many life-history attributes of bark beetles, and insect
performance generally increases with increasing phloem thickness (Amman
1972, Amman and Pace 1976, Haack et al. 1984a, 1984b, Slansky and Haack
1986, Haack et al. 1987a, 1987b). The diameter of an egg gallery is only slightly
larger than the diameter of the parent female and therefore adult pronotal
width is a good indicator of gallery diameter (Haack et al. 1984b). Based on our
earlier studies where more than 600 T. piniperda adults from Michigan were
measured (R. A. Haack et al., unpublished data), average adult pronotal width
was 1.4 mm (range: 1.0-1.6 mm). Considering the phloem thickness of the bolts
we used in our study (see results) and assuming that adult females averaged 1.4
mm wide, then females introduced into red and white pine bolts would have
tunneled primarily in phloem, whereas females in jack and Scots pine bolts
would have etched deeper into xylem when tunneling. When phloem is thinner
than adult body width, females typically construct their galleries deeper into
xylem rather than outer bark (Amman 1972, Haack et al. 1984b). For a given
length of egg gallery, females would likely obtain fewer nutrients and expend
more energy when tunneling in thin vs. thick phloem. Egg density can be considered as a measure of reproductive efficiency, demonstrating how much energy is
extracted from host tissues and converted to eggs for each length of gallery
constructed. For example, Haack et al. (1984a) noted that egg density increased
in thick phloem and decreased in thin phloem for individual adult females when
switched between thick and thin phloem at 3-day intervals. Similarly, Popp et
al. (1989) noted that egg density decreased with increasing adult size when
adults tunneled only in thin phloem. Adjusting egg density to local conditions of
food quality or quantity should allow for relatively high brood survival over a
range of food resource conditions. Such relationships have been reported for
bark beetles (Amman 1972, Haack et al. 1987a).
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Lower reproductive success in jack pine, as well as longer initial and terminal egg-free zones in jack pine, provides evidence that the jack pine bolts in
our study were of lower quality than the other three pine species tested. The
poorer performance on jack pine was likely related to the relatively thin phloem
of the bolts we used, considering that performance on jack pine in other studies
was similar to that on red pine or Scots pine (Långström et al. 1995, Ryall and
Smith 2000, Siegert and McCullough 2003). Even after adjusting for phloem
thickness with ANCOVA, brood density in our study was still highest in red
pine and lowest in jack pine, suggesting that red pine was superior over jack
pine as a host for T. piniperda. However, given that the relationship between
increasing phloem thickness and increasing bark beetle egg-density is curvilinear rather than linear (Haack et al 1984b), ANCOVA cannot be expected to
equalize all the factors that influence brood density when phloem thickness
varies from much thinner (0.4 mm) to much thicker (2.2 mm) than the width of
the average adult (1.4 mm).
In retrospect, we should have selected trees with phloem that was very
similar in thickness, or thicker than the width of the adult beetles to be tested.
These observations indicate the importance of considering phloem thickness
when conducting studies with bark beetles, especially studies that measure
beetle performance among several host species. In field studies that have evaluated T. piniperda host suitability, as evidenced by variation in attack density
(No. egg galleries per unit area of bark), Scots pine was typically the most
preferred species, red and jack pine were intermediate, and white pine the least
preferred (Långström et al. 1995, Haack and Lawrence 1997, Ryall and Smith
2000, Siegert and McCullough 2003). Phloem thickness was not reported in any
of the above field studies, and therefore we do not know to what degree host
selection and subsequent colonization were influenced by variation in phloem
thickness. Others have reported that bark beetle attack-density increases with
increasing phloem thickness (Amman and Pace 1976, Haack et al. 1987b, Reid
and Glubish. 2001).
Nevertheless, one important finding from our study was that T. piniperda
successfully reproduced and developed in all four pine species tested in this
study. Given that T. piniperda has successfully colonized and reproduced in all
North American pines tested so far in both North America and Europe (where
many North American pines have been planted), it is highly likely that T. piniperda
will establish itself successfully throughout North America as it continues to
expand its geographic range.
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OBSERVATIONS ON THE OVERWINTERING POTENTIAL OF THE
STRIPED CUCUMBER BEETLE (COLEOPTERA: CHRYSOMELIDAE) IN
SOUTHERN MINNESOTA
R. L. Koch1, M. A. Carrillo1, E. C. Burkness1, and W. D. Hutchison1

ABSTRACT
The striped cucumber beetle, Acalymma vittatum (Fabricius) (Coleoptera:
Chrysomelidae), is an important pest of cucurbit crops. However, the overwintering capacity of this pest in temperate regions is poorly understood. In this study,
the in-field survival of A. vittatum was examined during three consecutive winters.
In addition, the supercooling points of A. vittatum were determined as an index of
cold hardiness for adults. During each winter, the survival of adults decreased
significantly through time, with no individuals surviving until spring. By comparing the supercooling points and in-field survival of adults to soil temperatures, it
appears that winter temperatures in Minnesota are cold enough to induce freezing of the beetles. Moreover, a considerable amount of mortality occurred before
minimum monthly soil temperatures dropped below the supercooling point of
overwintering individuals, suggesting the occurrence of prefreeze mortality. An
improved understanding of the response of A. vittatum to winter temperatures in
temperate regions may aid in early season management of this pest.
____________________

INTRODUCTION
In Minnesota, USA, cucurbits (i.e., pumpkins, squash, cucumbers, and
melons) are grown on 1,942 ha for a total value of $8,477,000 (Hutchison and
O’Rourke 2003). The striped cucumber beetle, Acalymma vittatum (Fabricius)
(Coleoptera: Chrysomelidae), is the most important insect pest of Minnesota
cucurbits (Noetzel et al. 1985). Damage caused by this beetle results from adult
and larval feeding injury and from transmission of pathogens (e.g., bacterial
wilt, Erwinia tracheiphila [Smith]) (Capinera 2001). A diversity of research has
been conducted to develop and improve integrated pest management (IPM)
programs for A. vittatum, including sampling plans (Burkness and Hutchison
1997, Burkness and Hutchison 1998a), economic thresholds (Burkness and
Hutchison 1998b, Brust and Foster 1999), biological control (Ellers-Kirk et al.
2000), and chemical control (Foster and Brust 1995, Brust et al. 1996). In
temperate regions these IPM programs for A. vittatum, as with other pests,
could benefit from an understanding of the capacity of the pest to survive winter
conditions.
The magnitude of early season pest infestations can depend upon the
overwintering survival of the pest, which relates primarily to its cold hardiness
(Leather et al. 1993). Insects that survive freezing temperatures are generally
classified under two strategies of survival, freeze tolerance or freeze intolerance
(Salt 1961). Freeze-tolerant insects survive extracellular ice formation, while
freeze-intolerant insects avoid ice formation by supercooling or by seeking physical
protection from their microhabitat (e.g., Lee Jr. and Denlinger 1991, Leather et
al. 1993). The supercooling point, defined as the temperature at which body
fluids spontaneously freeze (Zachariassen 1985), represents the absolute lower
1
Department of Entomology, 219 Hodson Hall, 1980 Folwell Avenue, University of
Minnesota, St. Paul, Minnesota, 55108, USA.
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lethal temperature for freeze-intolerant individuals (Lee Jr. and Denlinger 1991).
However, death may occur at warmer temperatures due to chill injury (Baust
and Rojas 1985, Lee Jr. and Denlinger 1985, Knight et al. 1986, Bale 1996). For
example, aphids have relatively low supercooling points, but generally attain
high mortality at temperatures well above the supercooling point (Knight et al.
1986). Regardless, the supercooling point is often measured in cold hardiness
studies to aid in classifying the survival strategy at low temperatures (e.g., Lee
Jr. and Denlinger 1991, Renault et al. 2002, Koch et al. 2004, Carrillo et al.
2005a).
To our knowledge, the overwintering potential of A. vittatum has not been
examined. However, in other U.S. locations it has been observed that A. vittatum
adults overwinter under debris (Cranshaw 2004) in woodlands, hedgerows, and
weedy fence rows (Houser and Balduf 1925, Gould 1944). The objective of this
study was to examine the overwintering survival of adult A. vittatum in southern
Minnesota. In addition, the supercooling point was measured as an index of cold
hardiness.
MATERIALS AND METHODS
Overwintering survival. In-field survivorship experiments were conducted
in the winters of 2002-2003, 2003-2004, and 2004-2005. On 17 September 2002,
three cages were placed in a wooded area at the University of Minnesota Outreach, Research, and Education (UMORE) Park, Rosemount, Minnesota. Each
cage consisted of a 45 × 45 × 70 cm wooden frame covered with fine nylon mesh on
the top and sides. The bottom of each cage was open and the sides were buried 5
cm into the soil. The mesh on the top of the cage was attached with Velcro, so
that the cage could be opened. A ca. 5 cm layer of deciduous leaf litter and grass
was placed on the soil surface in each cage. Fifty A. vittatum adults (ca. 7 mm
long each, Capinera 2001) collected on the same date from a squash field at
UMORE Park were released into each cage. In addition, a piece of ‘We-Be-Little’
pumpkin (6 × 6 × 4 cm) was placed into each cage to provide the beetles with
food. On 20 September 2002, 30 additional A. vittatum were added to each cage,
resulting in a total of 80 beetles per cage. On 9 April 2003, the cages were
opened, and the leaf litter and top 2.5 cm of soil were carefully examined for
surviving beetles. Survival was defined as the presence of movement after
beetles were prodded with a pair of soft forceps.
For the winters of 2003-2004 and 2004-2005, cages consisted of plastic
dishes (8.0 cm high × 18.5 cm diameter; Pioneer Plastics, Inc., Dixon, KY) with a
10.2-cm diameter hole cut into the bottom of the dish and the lid to provide
ventilation and drainage. The holes were covered with fine, 30-mesh wire cloth
(The Cleveland Wire Cloth and Mfg. Co., Cleveland, OH), which was attached to
the dishes using silicone sealant (GE Sealants and Adhesives, Huntersville,
NC). On 6 October 2003, 11 cages were placed into a wooded area at UMORE
Park. A 3.8-cm-thick plug of sod (soil with roots and above ground growth)
containing deciduous leaf litter was placed into each cage, with the sod cut to
cover the entire bottom of the cage. In addition, a piece of a ‘We-Be-Little’
pumpkin (3 × 3 × 2 cm) was also placed on top of the sod in each cage as a food
source for the beetles. The cages were then buried in the soil so that the top of
the soil in each cage was level with that outside the cage. Thirty A. vittatum
adults were collected on the same date from a squash field at UMORE Park,
and were placed into each cage. The lids were placed on the cages, and the cages
were covered with a 3-cm layer of deciduous leaf litter. Throughout the winter,
cages were retrieved from the field and returned to the laboratory, with two
cages being retrieved on each of 20 November, 15 December 2003, 13 January,
16 February, and 15 March 2004, and one cage on 15 April 2004. In the laboratory, the cages were maintained at 25 ºC for 24 h, and then thoroughly inspected
for surviving A. vittatum, with survival defined as previously explained.
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On 19 October 2004, eight cages were constructed and deployed in the field
as described for the 2003-2004 winter. Each cage contained 30 adult A. vittatum
collected from a squash field at UMORE Park. Throughout the winter, cages
were retrieved from the field and brought back to the laboratory, with two cages
retrieved on each of 18 November, 15 December 2004, 19 January, and 8 February 2005. Survival was assessed in the laboratory, as previously explained,
after the cages were held at 25 ºC for 24 h.
The proportionate survival after initiation of the experiment for each cage
was arcsine-square-root transformed (Southwood and Henderson 2000), and
the data were analyzed separately for each winter using analysis of variance
(ANOVA) (PROC GLM, SAS Institute 1995). Month within each winter was
the only predictor included in the ANOVA models. Means were separated using
the REGWQ test at α = 0.05.
Supercooling point. Adult A. vittatum were collected at UMORE Park
and returned to the laboratory for supercooling point measurements. In 2003
beetles were collected using an aspirator on 21 November from a cucurbit field.
An additional supercooling point measurement was taken on surviving beetles
retrieved from the survivorship study on 15 December 2003. In 2004, supercooling point measurements were made on surviving beetles retrieved from the
survivorship study on 19 November and 15 December.
Following the methods of Carrillo et al. (2004), supercooling points were
determined, using surface-contact thermometry, as an index of cold hardiness.
Adult A. vittatum were attached to 24-gauge copper-constantan thermocouples
using a thin layer of high-vacuum grease (Dow Corning®, Dow Corning Corporation, Midland, MI), and placed at the center of 19 × 19 × 19 cm polystyrene
containers with a starting temperature of ca. 0 ºC. Prior to thermocouple attachment, individuals were immobilized at ca. 0 ºC for 2 min. Polystyrene
containers were closed with rubber stoppers, and then transferred to -80 ºC in
an ultra-low-temperature freezer (Revco Scientific Inc., Asheville, NC ) to cool
the beetles at ca. 1 ºC min-1 (Carrillo et al. 2004). For each cooling period, a total
of five containers were used with two beetles per container. During cooling, the
temperature of each individual was recorded with a multi-channel data logger
(Personal Daq/56 data acquisition system, IOtech, Inc., Cleveland, OH) that
transferred data at 1-s intervals through a USB cable into a desktop computer.
Temperature data were downloaded to a spreadsheet (Microsoft Excel) and
graphed as a scatter plot. On the scatter plot, the supercooling point was identified as the lowest temperature attained prior to the sudden increase in temperature, indicative of the heat released during the phase change from liquid to
solid (Lee Jr. 1991).
In addition, supercooling points and adult survival from the study described above were compared to soil temperatures measured 2.5 cm below the
surface 20 cm away from the cages used in the survivorship study at UMORE
Park. Temperature data were recorded using a HOBO® data logger (Onset Computer Corporation, Cape Cod, MA).
RESULTS AND DISCUSSION
In Minnesota, it has remained uncertain whether A. vittatum successfully
overwinters or if it immigrates into the state each year (Burkness 1996). In the
preliminary in-field survivorship study conducted in the winter of 2002-2003, no
beetles survived through the winter (Fig. 1A). In more detailed in-field survivorship studies conducted in the winters of 2003-2004 and 2004-2005, A. vittatum
survival decreased significantly as winter progressed (2003-2004: F = 19.51; df
= 5, 5; P = 0.0027; 2004-2005: F = 21.02; df = 3, 4; P = 0.0065), with 0% survival
of adults by spring (Fig. 1BC). These results contrast those obtained for adult
bean leaf beetle, Cerotoma trifurcata (Förster) (Coleoptera: Chrysomelidae)
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(Carrillo et al. 2005b), which has a similar overwintering behavior (Lam and
Pedigo 2004). Under the studied conditions, it seems unlikely that A. vittatum
consistently overwinters in Minnesota. However, further research is needed to
determine the causes of A. vittatum mortality at low temperatures under varying field conditions. In addition to temperature, the effect of other factors on
beetle mortality should be evaluated. For example, Lam and Pedigo (2000)
examined the potential impact of entomopathogenic fungi and ectoparasitic
mites on overwintering C. trifurcata. Furthermore, the impact of abiotic factors
(e.g., moisture) on overwintering mortality should be studied.
Soil temperatures at the experimental sites were low enough to induce
freezing in all individuals. The mean supercooling points recorded at the beginning of the winters were -5.5 ºC in December 2003 and -6.5 ºC in December 2004
(Table 1). If we assume the average of these two values (i.e., -6.0 ºC) to be the
overwintering supercooling point for this species, we find that winter minimum
monthly soil temperatures dropped below this value in all years (Fig. 1), suggesting that A. vittatum adults could have frozen. However, it is interesting to
note that temperatures dropped below the overwintering supercooling point
after a considerable amount of mortality had already occurred, indicating mortality due to factors other than freezing (Lee Jr. and Denlinger 1985, Lee Jr. and
Denlinger 1991). A direct comparison between the supercooling point and mortality at different subzero temperatures under controlled conditions should be
conducted to determine the strategy of survival (i.e., freeze tolerance or freeze
intolerance) of A. vittatum during winter months (e.g., Bale 1991, Carrillo et al.
2005a). Such work would also elucidate the ecological relevance of the supercooling point as an index of cold hardiness for this pest.
To our knowledge, this study is the first report on the overwintering potential of A. vittatum in temperate regions. Our results suggest that A. vittatum is
unlikely to overwinter in Minnesota. However, it is possible that some beetles
may survive under microhabitat conditions not captured by our study. Therefore, initial infestations of Minnesota cucurbits may result primarily from immigration of A. vittatum from southern locations. The present results improve
our understanding of the response of this pest to winter temperatures in temperate regions. Furthermore, results from this study may aid in forecasting
early season populations (e.g., Carrillo et al. 2005b) as part of an overall IPM
program for this pest.

Table 1. Late season supercooling points of adult Acalymma vittatum in southern
Minnesota, USA.
Supercooling point (°C)
Month

n

November
December

17
13

November
December

21
21

Mean ± SE

Median

Range

2003
-6.0 ± 0.20
-5.5 ± 0.41

-6.2
-5.6

-7.1, -3.9
-7.5, -3.0

2004
-5.3 ± 0.23
-6.5 ± 0.22

-5.5
-6.4

-7.3, -3.1
-8.4, -4.1
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Figure 1. Mean (± SE) overwintering survival of Acalymma vittatum adults (circles)
and minimum monthly soil temperature recorded 2.5 cm below the soil surface
(dashed line) at Rosemount, Minnesota, USA. All trials started with 100% survival
(open symbols), and the survival at subsequent sample dates is represented by filled
symbols. Means within winters with different letters differ significantly (P < 0.05;
analysis of variance and REGWQ test). The overwintering mean supercooling point
of this insect ranged between -6.5 and -5.3 ºC among the years studied.
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CARRION BEETLES (COLEOPTERA: SILPHIDAE) OF WISCONSIN
Kerry Katovich1, Nadine L. Kriska2, Andrew H. Williams2, and Daniel K. Young2

ABSTRACT
The first comprehensive faunal survey of the carrion beetles (Coleoptera:
Silphidae) of Wisconsin is presented. Six genera and 14 species are recorded
from the state, including a new state record, Heterosilpha ramosa (Say).
Nicrophorus americanus Olivier was not recovered during this study. An annotated checklist includes species-specific geographical and temporal distributions, remarks on foods and habitat, and counties of specimen collections for
each species.
____________________
Faunal surveys of various Coleoptera (Cantharidae, Cleridae, Histeridae,
Lycidae, Mordellidae, Nitidulidae, Pyrochroidae, Scarabaeoidea, Tenebrionidae)
have recently been conducted in Wisconsin to better understand the state’s
biodiversity. The family Silphidae is well known taxonomically and several
regional works have recorded distribution information (Anderson and Peck 1985,
Ratcliffe 1996), but no faunal survey specific to Wisconsin exists save for
Rauterberg’s (1885) brief checklist. The objectives of this study were to complement the series of Wisconsin Coleoptera surveys already underway and to improve our knowledge of Wisconsin’s Silphidae by providing distributional, temporal, and habitat information specific to Wisconsin.
Carrion beetles have recently attracted a great deal of attention, especially the federally endangered Nicrophorus americanus Olivier. In 1990 our
carrion beetle survey was initiated in Wisconsin, searching especially for N.
americanus in northeastern and central Wisconsin counties, and continued in
1992, focusing on southwestern counties. From 1993-2000, additional, lowintensity surveys were undertaken across most of the state.
Family Silphidae. Silphidae consists of two subfamilies: Nicrophorinae
and Silphinae. Worldwide there are about 175 species in 15 genera; 30 species
in eight genera occur in North America (Peck 2001). Silphids are large beetles,
10-35 mm long. They are predominantly black, often with a yellow, orange or
pink pattern on the pronotum. Most nicrophorines have bright orange, presumably aposematic markings on their elytra. The term “carrion beetle” is widely
applied to species of Silphidae; the terms “burying beetles” or “sexton beetles”
more strictly apply to species of Nicrophorinae, which bury small vertebrate
carcasses in the ground.
Silphids are important components of ecosystems, serving as scavengers
and nutrient recyclers. A progression of scavengers can be seen throughout the
decay process; different scavengers such as fungi, bacteria, and insects, are
attracted to the carcass only after specific levels of decay have occurred. Silphids
are attracted to carcasses in the early to middle stages of decay, depending on
the subfamily. Nicrophorinae require fairly fresh carcasses to bury, a requisite
for reproduction, though adults can be found on larger and older carcasses.
Silphinae readily feed and breed on carcasses in a more advanced stage of decay
and are often found alongside other invertebrate scavengers on the carcass.
Members of this subfamily also may be found feeding on fungi and occasionally
on dung. They are also known predators of fly larvae.
1
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Early synoptic treatments of North American silphids were conducted by
LeConte (1853) and Horn (1880). Portevin (1926) was the first to split the
genus Silpha into most of the genera currently recognized in the subfamily
Silphinae. Portevin (1926) monographed the world fauna, and Hatch (1928)
compiled a catalog of the world fauna. Leng (1920), Blackwelder and Arnett
(1974), and Peck and Miller (1993) provided catalogs of the North American
species. Anderson and Peck (1985) and Peck and Kaulbar (1987) gave a more
comprehensive treatment of North American silphids (Canada and the U.S.
north of Mexico), including species keys for adults and larvae, species diagnoses,
distributions, temporal information and notes on natural history. Several workers have provided state or regional silphid checklists or taxonomic treatments:
Fall and Cockerell (1907) for New Mexico, Blatchley (1910) for Indiana, Hatch
and Rueter Jr. (1934) for Washington, Hatch (1957) for the Pacific Northwest,
Lago and Miller (1983) for Mississippi, Lingafelter (1995) for Kansas, and
Ratcliffe (1996) for Nebraska. Rauterberg (1885) compiled a list of Wisconsin’s
silphids, providing brief notes on their abundance (“common”, “rare”, or “very
rare”) and food preferences (“on carrion”). Trumbo and Thomas (1998) discussed species diversity, population density, and body size of various Nicrophorus
species on the Apostle Islands of Douglas County, Wisconsin.
Subfamily Nicrophorinae. This subfamily contains 65 extant species
in three genera worldwide. The only nicrophorine genus in the United States is
Nicrophorus with 61 species worldwide and 15 species in the U.S. (Sikes et al.
2002).
Nicrophorus species (Coleoptera: Silphidae) are best known for interring
small vertebrate remains for the purpose of rearing their young. Usually a male
and female pair will bury and process a carcass together, and both will remain in
the chamber to care for the young. Several experimental studies and observations have suggested the presence of the male as well as the female greatly reduces the chances of the chamber being overtaken by a conspecific intruder and
the brood killed (Scott 1990, Trumbo 1990, 1991, Scott and Gladstein 1993). The
larvae receive parental care for the duration of their growth. Both parents have
been observed to regurgitate droplets of partially digested food for the larvae,
however this behavior declines by the third and fourth days. After four days, the
care is mostly in the form of defense against potential predators and preparing
the feeding cavity on the carcass, removing fungi, and possibly slowing decay of the
carcass with antibacterial salivary secretions (Ratcliffe 1996). Larvae of some
species can develop normally without the parental feeding or care (Trumbo 1992,
Scott 1994) and neither the duration of parental feeding nor carrion tending have
a significant effect on larval weight (Fetherston et al. 1990). Rather, it is the
number of larvae in the brood chamber that affects larval growth (Bartlett and
Ashworth 1988, Scott and Traniello 1990). The larvae usually consume all soft
tissue from the carcass within about a week. They then move into the soil to
pupate, emerging as adults about a month later. Upon pupation of their larvae,
the parents depart typically with the male leaving before the female. Adults are
capable of breeding more than once in a season, but probably not more than two or
three times. Most broods produced later in the season overwinter as adults, but
broods of some species (e.g., Nicrophorus investigator Zetterstedt and Nicrophorus
tomentosus Weber) overwinter as prepupae. Females can also mobilize sperm
stored in the spermatheca to fertilize eggs without a male to assist in rearing.
Burying beetles are adept at detecting the odor of a recently-dead animal.
They were observed to find a one-hour dead mouse from as far away as two miles
(Petruska 1975-1976). Typically burying beetles find carcasses that are one to
two days old. Species of Nicrophorus are largely nocturnal, a strategy to perhaps
reduce competition from diurnally active flies (Ratcliffe 1996). If flies manage to
lay eggs on the carcass, it will rapidly become unfit for use by Nicrophorus. These
beetles bury carcasses to secure them from the competition of other scavengers
and to provide a safer environment in which to raise their young (Ratcliffe 1996).

32

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 1 & 2

Subfamily Silphinae. This subfamily is comprised of 119 species in 12
genera worldwide; 30 species in eight genera occur in the United States (Peck
2001). Instead of burying carcasses, adult silphines arrive at a carcass in the
early to middle stages of decay (Payne 1965, Johnson 1974). Most species lay
eggs in the soil adjacent to the carcass; eggs hatch in four to five days (Anderson
1982). Larvae crawl to the carcass to feed and pass through three instars, after
which they pupate in earthen cells within the soil adjacent to the carcass.
MATERIALS AND METHODS
To determine which species had been collected in Wisconsin, historical
collection and literature records, as well as data from private and public regional collections, e.g., University of Wisconsin-Madison Insect Research Collection (WIRC), University of Wisconsin-Oshkosh, and the Milwaukee Public
Museum (MPMC), were compiled. Field sampling focused on counties where N.
americanus had been collected, on less sampled areas, and areas that had historically proven to be interesting. Collection methods consisted of modified
“live” pitfall traps baited with dead fish, examination of carcasses (most often
encountered as road-killed vertebrates), and black light traps. The pitfall traps
consisted of double-stacked, eight-inch plastic pots, with the bottom removed
from each top pot. These were buried flush with the ground. A mesh-covered
plastic cup containing a carrion bait (mostly fish) was placed in the center of the
lower pot. Each trap was then covered by a wooden frame with a square of
chicken wire stapled to it. The frame was secured by four, 30 cm spikes; each
spike pushed into the ground through a three-inch square of carpeting to prevent
the nail from slipping through the wire mesh (Fig.1). The depth of the traps
prevented small animals, including raccoons, from destroying the bait cups,
though many traps in northern counties were destroyed by black bears. The
traps were designed to be “live” traps in the event that the endangered N.
americanus might be trapped and vouchered by photograph rather than killed.
This also allowed us to selectively collect specimens of interest, releasing many
other trapped beetles. At each collecting site, two or three traps were set from
one-half to one mile apart. Traps were checked weekly and the specimens of
interest immediately placed in 80% EtOH. Field samples from other insect
surveys (e.g., Wisconsin Department of Natural Resources, Fort McCoy inventory project, and inventory work at the Necedah National Wildlife Refuge) also
contributed to this survey.

Figure 1. Modified carrion-baited pitfall trap.

2005

THE GREAT LAKES ENTOMOLOGIST

33

Voucher material from this study resides in the WIRC. As opposed to a
quantitative study, the authors focused their efforts on collecting distributional
information in the form of site and county records. We use the term “collection
event” to refer to specimens collected that represent new distribution records.
Specimens representing new records were vouchered and databased. Additional material resides in the personal collections of the contributors to this
study. The WIRC web site (Young 2005) includes information on Wisconsin
distributions in the form of printable maps. All silphid collection data were
entered into the ongoing, specimen-level database of Wisconsin’s Coleoptera;
this includes the locations of specimens from personal collections as well as
those vouchered in the WIRC. The data reside with the authors and the WIRC
within BIOTA software (Colwell 1996). Habitat types used in the species profiles come from Vegetation of Wisconsin (Curtis 1971).
RESULTS
This survey yielded 14 carrion beetle species in six genera including a new
state record, Heterosilpha ramosa (Say). Nicrophorus americanus Olivier was
not found. To simplify county associations, we followed Hilsenhoff’s (1995)
artificial division of Wisconsin into nine, 8-county regions which conveniently
breaks up the state into north, south, east, west and central regions (Fig. 2).
Pertinent label data and periods of adult activity are provided for each species.
At the end of each species profile is a grey shaded bar indicating the activity
period for the species in Wisconsin. The period with the highest number of
collection events is indicated in black.

Figure 2. Regional divisions (nine, 8-county areas) of Wisconsin (after Hilsenhoff 1995).
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Subfamily Nicrophorinae
Nicrophorus americanus Olivier. (7 historical collection events studied). NC: Vilas; NE: Door; EC: Brown; SW: La Crosse; SC: Dane; SE: Jefferson,
Milwaukee. Historical records from Wisconsin indicate activity from late February to late July. The most recent, directly verified, adult collection record is
from 1944 in Dane County. Historical collection sites were northern mesic and
pine forests, oak and pine savanna, and southern mesic forests. Some specimens were collected from decaying fish on a beach. Rauterberg (1885) reported
this species as common at times.
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Nicrophorus defodiens Mannerheim. (22 collection events studied).
NW: Bayfield, Burnett, Douglas, Polk, Washburn; NC: Ashland, Oneida, Taylor,
Vilas; NE: Florence, Forest, Marinette; WC: Eau Claire, Jackson, Monroe; C:
Juneau, Marquette, Waupaca, Waushara, Wood; SC: Columbia, Sauk. Active
from late May to early September. Collection sites were from native habitats
(northern mesic forests and northern pine forests, oak and pine savannas) in
north and central Wisconsin. Collected from unbaited and carrion baited pitfall
traps, and flight intercept traps. Rauterberg (1885) did not mention this species.
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Nicrophorus marginatus Fabricius. (17 collection events studied).
NW: Polk; WC: Dunn, Monroe; C: Adams, Marquette, Portage; SW: Crawford,
Grant; SC: Columbia, Dane, Green, Iowa, Rock, Sauk; SE: Jefferson, Milwaukee, Walworth. Active from early May to early September. Collection sites were
native (oak and pine savannas, grasslands). Collected from: fox squirrel, whitetail deer, ornate box turtle, and fish carrion. Also collected from both carrionbaited and unbaited pitfall traps, on open sand, and on the surface of prairie
vegetation. Our observations of adult activity suggest this species may be more
diurnally active than previously thought (Anderson and Peck 1985). Rauterberg
(1885) reported this species as common.
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Nicrophorus orbicollis Say. (46 collection events studied). NW:
Bayfield, Burnett, Douglas, Polk, Washburn; NC: Ashland, Oneida, Taylor, Vilas;
NE: Door, Florence, Forest, Marinette, Menominee, Shawano; WC: Eau Claire,
Jackson, Monroe; C: Green Lake, Juneau, Marquette, Waupaca, Waushara,
Wood; EC: Fond du Lac, Outagamie, Sheboygan, Winnebago; SW: Crawford,
Grant, La Crosse, Richland, Vernon; SC: Columbia, Dane, Green, Iowa,
Lafayette, Rock, Sauk; SE: Jefferson, Racine, Walworth, Washington, Waukesha.
Active from late May to late September. Collection sites ranged from native
(northern mesic and dry forests, southern mesic and dry forests, oak and pine
savannas, oak and pine barrens) to disturbed areas. Collected from: white-tail
deer, house cat, blue-winged teal, and fish carrion. Also collected from unbaited
and carrion-baited pitfall traps, flight intercept traps, Lindgren funnel traps,
and at black light traps. This was the most commonly collected species of
Nicrophorus in the state during our survey. Rauterberg (1885) reported this
species as common at times.
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Nicrophorus pustulatus Herschel. (39 collection events studied). NW:
Bayfield, Polk, Rusk; NC: Ashland, Iron, Oneida, Price, Vilas; NE: Florence, Forest,
Marinette; WC: Eau Claire, Jackson, Monroe, Pierce; C: Green Lake, Juneau,
Marquette, Waupaca, Waushara, Wood; EC: Sheboygan, Winnebago; SW: Crawford,
Grant, La Crosse, Richland, Vernon; SC: Columbia, Dane, Green, Iowa, Lafayette,
Sauk; SE: Ozaukee, Racine, Walworth, Washington, Waukesha. Active from early
June to late September. Collection sites ranged from native (northern mesic and
dry forests, oak and pine savannas, southern mesic forests) to disturbed areas.
Collected from raccoon carrion. Also collected from carrion-baited pitfall traps and
at black light traps. Rauterberg (1885) reported this species as rare.
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Nicrophorus sayi Laporte. (32 collection events studied). NW: Bayfield,
Burnett, Douglas, Polk; NC: Ashland, Oneida, Price, Vilas; NE: Florence, Forest,
Marinette; WC: Dunn, Eau Claire, Jackson, Monroe; C: Green Lake, Juneau,
Waupaca, Waushara, Wood; SW: Crawford, La Crosse, Richland, Vernon; SC:
Columbia, Dane, Iowa, Sauk; SE: Jefferson, Racine, Walworth, Waukesha. Active
from late March to late September. Collection sites were from native areas
(northern mesic and dry forests, southern mesic forests, oak and pine savannas).
Collected from raccoon carrion. Also collected from carrion-baited pitfall traps
and at black light traps. Rauterberg (1885) reported this species as very rare.
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Nicrophorus tomentosus Weber. (45 collection events studied). NW:
Barron, Bayfield, Burnett, Douglas, Polk; NC: Ashland, Iron, Oneida, Price,
Vilas; NE: Door, Florence, Forest, Marinette, Shawano; WC: Eau Claire, Jackson, Monroe, Pierce; C: Green Lake, Juneau, Marquette, Waushara, Waupaca,
Wood; EC: Fond du Lac, Winnebago; SW: Crawford, Grant, La Crosse, Richland,
Vernon; SC: Columbia, Dane, Dodge, Iowa, Lafayette, Sauk; SE: Milwaukee,
Ozaukee, Racine, Walworth, Washington, Waukesha. Active from mid-June to
late September. Collection sites ranged from native (northern mesic and dry
forests, southern mesic and dry forests, oak and pine savannas, oak and pine
barrens, grasslands) to disturbed areas. Collected from: muskrat, opossum,
porcupine, raccoon, red fox, white-tail deer, woodchuck, blue winged teal, ornate
box turtle, and fish carrion. Also collected from unbaited and carrion-baited
pitfall traps, flight intercept traps, and Lindgren funnel traps. Observations of
adult activity suggest this species is primarily diurnal. Rauterberg (1885) reported this species as common at times.
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Nicrophorus vespilloides Herbst. (15 collection events studied). NW:
Bayfield, Burnett; NC: Ashland, Oneida, Vilas; NE: Shawano; WC: Jackson,
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Monroe; C: Juneau, Wood; EC: Fond du Lac, Outagamie, Winnebago; SC: Columbia, Sauk. Active from late May to early August. Collection sites were in
native areas (northern mesic and dry forests, oak and pine savannas). Collected
from carrion-baited pitfall traps. Also collected from Lindgren funnel traps.
Rauterberg (1885) reported this species as rare.
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Subfamily Silphinae
Heterosilpha ramosa (Say). NEW STATE RECORD. (10 collection
events studied). NW: Burnett, Polk; NC: Iron; WC: Chippewa, Dunn, Monroe;
C: Marquette, Waushara; EC: Calumet; SE: Walworth. Active from late March
to early July. This species occurs throughout the Western United States and
Canada, extending east into east-central Wisconsin. Collection sites included
northern mesic forests and adjacent to disturbed areas. Collection sites in
Wisconsin were mostly dry and with sandy soils. Specimens were collected
from decaying fish along a sandy beach and from a human dung-baited pitfall
trap. Observations of adult activity suggest this species is diurnal.
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Necrodes surinamensis Fabricius. (43 collection events studied). NW:
Bayfield, Burnett, Douglas, Polk, Rusk, Sawyer; NC: Lincoln, Oneida, Vilas;
NE: Door, Florence, Forest, Marinette, Menominee, Oconto; WC: Monroe,
Jackson; C: Adams, Green Lake, Juneau, Portage, Waupaca, Waushara, Wood;
EC: Fond du Lac, Winnebago; SW: Crawford, Grant, LaCrosse, Richland, Vernon;
SC: Dane, Dodge, Green, Iowa, Rock, Sauk; SE: Jefferson, Milwaukee, Ozaukee,
Walworth, Washington, Waukesha. Active from early May to late August. Collection sites ranged from native (northern mesic and dry forests, oak savannas,
southern mesic forests) to disturbed areas. Collected from: raccoon, red fox,
white-tailed deer, woodchuck, turtle, and fish carrion. This species has been
collected from carrion-baited pitfall traps and commonly at black light.
Rauterberg (1885) reported this species as very common.

J

F

M

A

M

J

J

A

S

O

N

D

Necrophila americana (Linnaeus). (53 collection events studied). NW:
Barron, Bayfield, Burnett, Douglas, Polk, Rusk, Sawyer, Washburn; NC: Ashland,
Lincoln, Marathon, Oneida, Taylor, Vilas; NE: Florence, Forest, Marinette,
Menominee, Shawano; WC: Chippewa, Dunn, Eau Claire, Jackson, Monroe, Pierce;
C: Adams, Juneau, Marquette, Portage, Waupaca, Waushara, Wood; EC:
Winnebago; SW: Crawford, Grant, La Crosse, Richland, Trempealeau, Vernon;
SC: Columbia, Dane, Dodge, Green, Iowa, Lafayette, Rock, Sauk; SE: Jefferson,
Milwaukee, Ozaukee, Walworth, Washington, Waukesha. Active from mid-May
to late August. Collection sites ranged from native (northern mesic and dry
forests, southern mesic and dry forests, oak and pine savannas, oak and pine
barrens, grasslands) to disturbed areas. Collected from: opossum, porcupine,
raccoon, rodents, white-tailed deer, American crow, black-billed cuckoo, and fish
carrion. Also collected from banana-baited traps, unbaited, carrion-baited, and
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human dung-baited pitfall traps, sticky traps, and flight intercept traps. Specimens were sometimes hand collected from fungi and vegetation. Observations of
adults suggest this species may be primarily diurnal in activity. Rauterberg (1885)
reported this species as notable on fish, with no information on abundance.
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Oiceoptoma inaequale (Fabricius). (17 collection events studied). WC:
Monroe; C: Green Lake, Marquette; EC: Winnebago; SW: Grant, LaCrosse, Richland,
Vernon; SC: Dane, Dodge, Iowa, Rock, Sauk; SE: Jefferson, Racine, Walworth,
Waukesha. Active from late March to late June. Collection sites centered mainly
in the southern region of Wisconsin, below or along the Tension Zone. Preferred
sites were fairly open, native (dry forests) and disturbed locations. Collected from:
house cat, raccoon, rat, white-tailed deer, woodchuck, ornate box turtle, and carp
carrion. A specimen was collected on coyote dung. Rauterberg (1885) did not
mention this species. Ratcliffe (1996) stated its distribution as southern Ontario
and Quebec south to Florida and west to Texas and the Dakotas.
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Oiceoptoma noveboracense (Forster). (55 collection events studied).
NW: Bayfield, Burnett, Douglas, Polk, Rusk, Washburn; NC: Ashland, Lincoln,
Marathon, Oneida, Price, Taylor, Vilas; NE: Florence, Forest, Marinette,
Menominee, Oconto, Shawano; WC: Chippewa, Dunn, Eau Claire, Jackson,
Monroe, Pierce; C: Adams, Green Lake, Juneau, Marquette, Portage, Waupaca,
Waushara, Wood; EC: Calumet, Fond du Lac, Manitowoc; SW: Crawford, Grant,
LaCrosse, Richland, Vernon; SC: Columbia, Dane, Dodge, Green, Iowa, Lafayette,
Rock, Sauk; SE: Jefferson, Milwaukee, Ozaukee, Walworth, Washington,
Waukesha. Active from early April to late September. Collection sites ranged
from native (northern mesic and dry forests, southern mesic and dry forests, oak
and pine savannas, oak and pine barrens, grasslands) to disturbed areas. Collected from: coyote, house cat, opossum, porcupine, raccoon, red fox, red squirrel,
white-tailed deer, woodchuck, rodents, common grackle, common snapping turtle,
ornate box turtle, and fish carrion. Also collected from unbaited and carrionbaited pitfall traps, sticky traps, and flight intercept traps, as well as handcollected from fungi and slime molds. A specimen was collected on coyote dung.
Rauterberg (1885) reported this species as very common.
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Thanatophilus lapponicus (Herbst). (31 collection events studied).
NW: Burnett, Douglas, Polk, Rusk; NC: Iron; NE: Door; WC: Dunn, Jackson,
Monroe, Pierce; C: Green Lake, Juneau, Portage, Waushara, Wood; EC: Fond du
Lac, Winnebago; SW: Vernon; SC: Columbia, Dane, Dodge, Green, Iowa,
Lafayette; SE: Jefferson, Milwaukee, Ozaukee, Racine, Walworth, Washington,
Waukesha. Active from early April to mid-August. Collection sites ranged from
native (northern mesic and dry forests, southern mesic forests) to disturbed
areas. Collection sites in Wisconsin were often adjacent to or associated with
wetlands. Collected from: eastern cottontail, house cat, opossum, raccoon,
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white-tailed deer, American crow, and fish carrion. Rauterberg (1885) reported
this species as very common.
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DISCUSSION
Because carrion sources are randomly distributed in the environment,
particular habitat requirements may be less important for silphids, out-weighed
by the search for an appropriate carrion source (Holloway and Schnell 1996,
Sikes and Raithel 2002). However, it does appear that some Wisconsin species
show preferences for general habitat types (Anderson 1982), or have geographic
range limitations within the state.
In the Silphinae, the northern range limit of O. inaequale in Wisconsin closely
follows the Tension Zone which divides the state into distinct northern and southern floristic provinces. H. ramosa was sampled in only 10 of Wisconsin’s 72 counties. Prior to this survey, its recorded range extended as far east as Minnesota
(Ratcliffe 1996), so our data document a substantial eastward range extension.
The remaining Silphinae are abundant and widespread throughout Wisconsin.
The enigmatic N. americanus was not found in our survey and is thought to
have been extirpated from the state. Historical records indicate N. americanus
used various habitats, ranging from northern mesic hardwoods, oak and pine
savannas, and southern mesic hardwoods. N. defodiens apparently prefers northern mesic forests and oak and pine savannas, with the majority of collection
sites concentrated north of the Tension Zone. N. vespilloides was infrequently
collected in the central savannas and northern mesic forests of Wisconsin.
Rauterberg (1885) reported that this species was rare and he did not mention N.
defodiens at all. This is probably because these two species are difficult to
separate and prior to Portvein (1926) they were considered synonyms by many
authors.
Nicrophorus sayi was also infrequently collected, primarily north of the
Tension Zone, a zone of transition running relatively horizontally from Minnesota through lower Michigan and to western Ohio separating the north and
south sides of the band into fairly distinct floristic provinces (Curtis 1971). N.
sayi was rarely found in southern Wisconsin. This species seems to prefer
forested sites lightly impacted by human activities. N. marginatus was an
infrequently collected species in Wisconsin, having been collected primarily from
grasslands and savannas. N. orbicollis and N. tomemtosus were the most abundant species, often collected in large numbers during individual collecting events.
N. orbicollis, N. pustulatus, and N. tomentosus were the most widespread
Nicrophorus species throughout the state, each having been collected from more
than 50% of the counties in Wisconsin. It is interesting to note that Rauterberg
(1885) reported N. pustulatus to be “rare”. Although never collected in large
numbers, at least one to two specimens were usually consistently collected at
the sampled sites. Collections of this species increased in frequency when blacklighting was utilized in the survey.
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SCARAB BEETLES (COLEOPTERA: SCARABAEIDAE) ASSOCIATED
WITH POCKET GOPHERS IN WISCONSIN
Nadine Kriska1 and Kerry Katovich2

ABSTRACT
A survey of nonparasitic arthropods inhabiting pocket gopher burrows in
Wisconsin was undertaken from 1998 through 2002, representing the first survey of its kind for the Great Lakes region. Six scarab species were collected
during this survey, all of which represented new state records at the time of
collection. Observations for each species, including diagnostic remarks, seasonality, distribution, and natural history information are provided. Background
information on pocket gophers, with an emphasis on the Wisconsin species,
Geomys bursarius, is also provided.
____________________
Since the late 1930s entomologists have studied the insect fauna of various burrowing animals, particularly pocket gophers (Hubbell and Goff 1939,
Hubbell 1940, Cartwright 1944, Ross 1944a, 1944b, Blume and Aga 1975,
1979, Blume and Summerlin 1988). Although these early studies were narrowly focused in Texas and Florida, data on several previously undescribed or
rarely-encountered arthropod species were collected. In the mid-1980s researchers started collecting beetles in burrows, including those of pocket gophers, and
several new species were discovered (Skelley and Woodruff 1991, Skelley and
Gordon 1995, 2001). This drew the interest of coleopterists in other parts of the
United States and ultimately led to more intensive surveying of nonparasitic
arthropods living in pocket gopher burrows in other regions (Skelley and Gordon
2001).
From 1997 to 2000, a survey of Wisconsin scarabaeoid beetles was conducted (Kriska and Young 2002). This survey focused on less sampled areas of
the state, unique habitats, and unique microhabitats, including pocket gopher
burrows. The scarabaeoid survey was undertaken at the same time as the
surveys in Florida and the southeastern United States. We realized we had a
unique opportunity to contribute to the pocket gopher studies, especially since
there have been relatively few papers published regarding the overall pocket
gopher fauna in the U.S. (Skelley and Gordon 2001), and nothing is known about
the Midwestern fauna, save for a survey of the lice associated with the Midwestern Geomys bursarius complex (Timm and Price 1980). The results of the Wisconsin study contribute to our understanding of pocket gopher fauna as well as
contribute to our knowledge of Wisconsin’s arthropod fauna.
Pocket Gophers. Geomyidae (pocket gophers) are found in North and
Central America. The family consists of about 35 species in five genera, three of
which occur in the United States: Geomys (eastern pocket gophers), Pappogeomys
(southern pocket gophers), and Thomomys (western pocket gophers) (Myers et
al. 2005). In the Midwest north of Texas, there are three species of Geomys, one
of which, G. bursarius (Shaw), occurs in Wisconsin. Geomys bursarius is comprised of three subspecies, two of which occur in Wisconsin (Fig. 1): Geomys
bursarius wisconsinensis Jackson occurs in the southwest corner of Wisconsin
just north of the Wisconsin River, and Geomys bursarius bursarius (Shaw) occurs
in west central and northwest Wisconsin (Heaney and Timm 1983).
1
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Figure 1: Ranges of Geomys bursarius wisconsinensis (light shade) and Geomys
bursarius bursarius (dark shade). Dots indicate sample locations.

The majority of pocket gopher species occur west of the Mississippi River
and occupy mountain tops, prairies, and deserts (Skelley and Gordon 2001).
Pocket gophers in the Midwest inhabit grasslands with good drainage in either
prairie or savanna (Jackson 1961). In Wisconsin, both subspecies are found in
sandy or loose, loamy soil in semi- to completely open habitat (pastures, dry
meadows, cultivated fields, burned cutover, undisturbed railway and highway
roadsides).
Geomys bursarius spends its life underground. It is active in the winter
and does not hibernate. During the winter it resides in tunnels dug below the
frost line. According to Jackson (1961), the pocket gopher is a solitary, animal
that will fight viciously with any intruder, including another pocket gopher, it
encounters in its burrow. The exception to this is during the mating season,
which is usually from late March into April or May. Females have one litter of
2-6 young per year. Once weaned, each youngster digs its own tunnel and begins
its solitary life; this usually occurs in late summer.
Individual gophers make extensive tunnel systems linking several chambers. Chambers serve specific purposes, such as nesting, food storage, and
defecation. These tunnel systems may be used for several years and extend up
to 150 m in length and 30-90 cm deep (Kurta 1995). Pocket gophers rarely leave
their burrows. Burrow entrances are sealed during the day preventing entrance
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of diurnal terrestrial arthropods. The sealed nature of the gopher burrow provides a fairly consistent temperature and humidity range (Kennerly Jr., 1964).
In Wisconsin, fire suppression and urbanization have fragmented many gopher
populations. The nature of these isolated populations in relation to the unique
arthropod fauna suggests the destruction of a gopher population in one region
may result in the loss of a unique arthropod fauna.
Arthropod Fauna. The predominate arthropods associated with pocket
gopher burrows are insects. The beetle families most prevalent are hister beetles
(Histeridae), dung beetles (Scarabaeidae), and rove beetles (Staphylinidae).
Camel crickets (Orthoptera: Gryllacrididae) and dung flies (Diptera:
Sphaeroceridae) comprise the majority of non-beetle diversity. Insect parasites, such as lice and fleas, are also intimately associated with pocket gophers
to the extent that individual species and subspecies of pocket gophers host their
own unique parasite species. Timm and Price (1980) investigated the lice
(Phthiraptera: Trichodectidae) parasitic on the G. bursarius species complex
occurring in the Midwest. Fleas (Siphonaptera) associated with pocket gophers
remain unstudied.
Insect Dispersal. Pocket gopher burrows are essentially moving caves
which occasionally allow for movement into and between burrow systems, particularly during the mating season when male pocket gophers tunnel into females’ burrow systems. Because true cave-dwelling insects have a fairly even
allocation of resources and no need to disperse, unique adaptations are often
seen, such as reduced eyes and wings, longer appendages, and pale body color
(Skelley and Gordon 2001). This is not generally the case for pocket gopher
fauna, since insects living in burrows need to move with them and be able to
disperse. Camel crickets tend to show the most complete range of cavernicolous
characteristics: they are all secondarily wingless with long legs, somewhat
reduced eyes, and pale body coloration. Evidence strongly indicates that camel
crickets endemic to pocket gopher burrows have a strictly subterranean dispersal pattern, including the fact that they have never been collected above
ground outside of the burrow system (Skelley and Gordon 2001).
The remaining burrow fauna, except the parasites, may exhibit slightly
reduced eyes or wings, or may have slightly longer legs but not to the extent seen
in camel crickets. In fact, most of the fauna, including flies, rove beetles, and
scarabs has been observed exiting freshly opened burrows and flying diurnally
(Skelley and Gordon 2001, Kriska and Katovich, personal observations). Evidence for above-ground dispersal for many elements of the burrow fauna, particularly beetle species, includes capture in flight intercept traps and pitfall
traps established in areas containing pocket gophers, collection at blacklight,
and collection of specimens just under the surface of a fresh soil mound (Skelley
and Gordon 2001, Kriska and Katovich, personal observations). What is intriguing about above-ground dispersal, as opposed to the subterranean dispersal of some faunal members, is that pocket gopher burrows are closed systems, rarely open to the surface. So why would some of these species risk aboveground dispersal? One possible explanation (Skelley and Gordon 2001) relates
to the fact that immature stages of the beetles are relatively immobile and risk
getting buried and left behind in an abandoned part of the burrow filled in by the
gopher. So some adult beetles disperse above ground and look for active burrows
in which to lay their eggs. Once active burrows are located, the beetles may find
a temporary opening to the surface left by the gopher, often after a heavy rain,
foraging, or dispersal of the young gophers. Another possibility is that the
beetles may gain access to the burrow via a fresh mound that leads to the
burrow through the backfilled tunnel that created the mound (Skelley and Gordon 2001). Some hypotheses as to how the beetles locate fresh mounds involve
the use of chemical or visual cues, water content in fresh mounds, thermal
differences of the mounds versus the surrounding ground, and others (Skelley
and Gordon 2001).
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METHODS
Ten sites in nine counties were surveyed (Fig.1). Burrows were located by
the characteristic mounding of soil, and tunnels were located by probing around
the soil mounds with a thin metal rod. Once located, a small excavation exposed
the tunnel and a dung-baited pitfall trap (Fig. 2) was established in the tunnel.
The bait was composed of a mixture of pig dung, malt and molasses. It was held
in a small cup which was secured with a thick wire cup holder and suspended
over a larger plastic cup buried flush with the tunnel floor. The larger cup
contained a small amount of propylene glycol for preservative. The tunnel roof
was covered over with a small piece of plywood, which was remounded and
flagged for later retrieval. Remounding prevented terrestrial arthropods from
entering the burrows.
Sites were sampled during three time periods: spring (March-April), summer (June-August), and fall (October-December). During these times sites were
sampled twice a week. Traps were retrieved and the contents strained and
preserved in 80% EtOH. At each site, multiple burrows were sampled to provide
a representation of arthropods present. At sites where gopher populations were
low, fewer pitfall traps were established. At several sites, more extensive excavations of the tunnel system and chambers were conducted.
Voucher specimens of gophers taken at the Ft. McCoy site (Monroe County)
and from Douglas Public Hunting Grounds (Douglas County) were deposited in
the University of Wisconsin Zoology Museum. Removal of the gophers was
accomplished by setting Victor’s E-Z Set traps® in both approach tunnels where
the pitfall trap was established. Although gopher traps were established at all
of the sample sites, no other gophers were collected. Vouchers of arthropod
specimens were deposited in the University of Wisconsin Insect Research Collection (IRC).

Figure 2: Baited pitfall trap placed in the burrow and sealed with a board and
remounded.
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RESULTS
Six of the largest known gopher populations in Wisconsin were sampled.
Six species and 425 specimens of Scarabaeidae were collected from the burrow
systems, and all constituted new state records at the time of capture (Kriska
and Young 2002). All of the sampled sites except Eau Claire County produced
beetles. The number of species collected at each site varied from two to five, but
only Aphodius insolitus showed up consistently at every site. Additional insect
and non-insect arthropods were collected and vouchered as noted above but are
not discussed in this paper. The following are abbreviated profiles for each
species. Diagnostic remarks are included because currently, no regional key to
Aphodius exists that includes these six species.
Family Scarabaeidae
Aphodius insolitus Brown. Specimens examined: 135. Diagnostic
Remarks: This species is distinguished from the other pocket gopher species by
its completely, coarsely punctate pronotum. It is 4.0-5.7 mm long, with a brown
pronotum and orangish-brown to darker brown elytra. Distribution: Aphodius
insolitus occurs in burrow systems of the plains pocket gopher, G. bursarius,
which occurs in the Midwest from Wisconsin south to Texas and east into Indiana. It was collected in the following counties: Burnett, Douglas, Jackson,
LaCrosse, Monroe, Polk, Richland, Sauk. It is active from early fall into winter
(August-December). Natural History: A. insolitus is endemic to pocket gopher
burrows and is a dung-feeder. It was collected in large series in dung-baited
pitfall traps established in the pocket gopher tunnel system. The larva is unknown.
Aphodius iowensis Wickham. Specimens examined: 148. Diagnostic
Remarks: The best diagnostic character for A. iowensis is its granulate or sometimes verrucose clypeus. It may be confused with specimens of Aphodius
punctissimus Brown or larger specimens of A. insolitus, but it has only one to two
slight scallops along the posterior face of its prothoracic tibiae (A. punctissimus
has a completely scalloped surface all the way to its basal tooth), and A. iowensis
lacks a completely punctate pronotum. It is 7.0-8.5 mm long. Distribution: This
species occurs from Manitoba, Canada, south to Nebraska, Kansas, Iowa, and
east to Wisconsin, Illinois, and Indiana. It was collected in the following counties: Burnett, Jackson, Monroe, Polk, Richland, Sauk. It is active from fall into
winter (late September-December) and in the spring (April). Natural History:
Aphodius iowensis is another species comprising the insect fauna endemic to
plains pocket gopher burrows. Most Wisconsin specimens were caught in dungbaited pitfall traps established in the gopher tunnel system. A single specimen
from Douglas County was collected in a malaise trap in the mid-1970s. It
appears that while most of the burrow fauna disperses to new tunnel systems
subterraneously, occasionally a few Aphodius disperse via flight. A. iowensis
might be more abundant in flight intercept traps if they were established during
the late fall when the beetle is active in areas containing pocket gophers. The
larval stage is unknown.
Aphodius kirni Cartwright. Specimens examined: 66. Diagnostic Remarks: This species is distinct from the other pocket gopher species in that it is
uniformly dull red to reddish-brown. It is 6.4-10.1 mm long. This species closely
resembles a potential Wisconsin pocket gopher species, Aphodius concavus Say.
They can be distinguished by features of their metathoracic legs. A. concavus has
an inner row of setae on its metathoracic tibia that is uniform in length and
extending the full length of the tibia. Males also have a row of stout, straight
metathoracic trochanter hair. Aphodius kirni has a non uniform inner row of setae
on its metathoracic tibia (basal setae are shorter than the apical setae) and the
row extends only ½ to ¾ the length of the tibia. Males have a row of longer,
outwardly curved hair on their metathoracic trochanters. More importantly it
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appears that unlike A. kirni, A. concavus prefers richer prairie soil as opposed to
sandy, loamy soil found in all of our trapping localities (P. Skelley, personal
communication). Distribution: A. kirni occurs in plains pocket gopher burrows,
from Wisconsin south to Texas and east to Indiana. It was collected in the
following counties: Burnett, Douglas, Jackson, Monroe, Polk, Richland, Sauk.
Its habitat overlaps with that of A. concavus, which is found slightly further west
to Iowa, Nebraska, Kansas and the Dakotas but also as far east as Indiana. It
is active from April through December but tends to be more abundant in the
spring and summer. Natural History: A. kirni is endemic to plains pocket
gopher burrows. Most Wisconsin specimens were caught in dung-baited pitfall
traps established in the gopher tunnel system. Several specimens were also
caught in flight intercept traps that had been established in areas containing, or
adjacent to, pocket gophers, suggesting this beetle does use flight to disperse to
new burrow systems. The larva is unknown.
Aphodius magnificens Robinson. Specimens examined: 48. Diagnostic Remarks: This species is distinctive. Its large size (8-10 mm) and shiny,
light brown and dark brown color are diagnostic. Distribution: A. magnificens
occurs in plains pocket gopher burrows in the Midwestern states, from Wisconsin south to Oklahoma and Texas. It was collected in the following counties:
LaCrosse, Jackson, Monroe, Polk, Richland, Sauk. It is active in the fall through
winter (August-December). Natural History: This species is endemic to plains
pocket gopher burrows. Wisconsin specimens were caught in dung-baited pitfall
traps established in the gopher tunnel system. No specimens have been collected in flight intercept traps, either because it disperses underground or because traps were not established during the beetle’s peak activity period (winter). The larva is unknown.
Aphodius peculiosus Schmidt. Specimens examined: 4. Diagnostic
Remarks: Its small size (4.3-4.5 mm), rugo-tuberculate clypeus, and pale yellow
elytra easily distinguish A. peculiosus from the other pocket gopher species.
Distribution: This species occurs in plains pocket gopher burrows in the Midwest from Wisconsin south to Texas. It was collected in Monroe County. It is
active from fall through early spring. Natural History: A. peculiosus is an
uncommon species found below the soil surface of the dirt mounds pushed up by
pocket gophers as they construct their tunnels (R. Gordon, personal communication). Several larvae and adults were sifted from a pocket gopher mound in
Monroe County in early spring; larvae were reared in the lab to confirm their
identity and are being described by the authors in a separate paper.
Aphodius punctissimus Brown. Specimens examined: 24. Diagnostic
Remarks: This species resembles some of the other pocket gopher species,
particularly A. insolitus and A. iowensis. The length of A. punctissimus falls
between larger specimens of A. insolitus and smaller specimens of A. iowensis. It
is distinguished from A. insolitus by the large pronotal punctures: confined to
the sides and base in A. punctissimus, and numerous and moderately dense over
the entire surface in A. insolitus. It is distinguished from smaller, lighter colored
specimens of A. iowensis by the basal region of the posterior face of the prothoracic tibiae: margin scalloped to serrate up to the basal tooth in A. punctissimus,
margin smooth with occasionally one to two slight scallops up to basal tooth in
A. iowensis. Distribution: A. punctissimus occurs in the west-central United
States; Wisconsin represents the easternmost limit of its range. It is interesting to note that A. punctissimus was only collected in the northernmost locations, Burnett and Polk Counties. It is active from fall to winter (OctoberDecember). Natural History: Little biological information is available concerning this species other than its close affinity to Aphodius oklahomensis Brown,
Aphodius socialis Brown, and Aphodius talpoidesi Brown. All are primarily
west-central species ranging from South central Canada into Oklahoma and are
associated with pocket gopher burrows. The larval stage is unknown.
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DISCUSSION
Late spring and summer collection periods (May-July) proved to be the
least productive and often conflicted with high gopher invasions from adjacent
burrow systems, but the beetles were probably still active. During this time,
gophers were active in their burrows mating and rearing young. Their increased
activity resulted in their frequent encounters with the pitfall traps, which they
would bury along with the bait cup and wire holder, blocking up that portion of
their run. Peak arthropod collections occurred in late fall, two to three days after
the traps were set, then tended to drop off significantly. This is could be due to
the collapse of the tunnel systems (lacking maintenance by the gopher) or perhaps from the bait losing its effectiveness.
Four of the six species appear to be widespread throughout the ranges of
both pocket gopher subspecies in Wisconsin, and they occurred in most if not all
of the collection sites. The exceptions are A. peculiosus (collected only in Monroe
County) and A. punctissimus which exhibits a distinctly northern distribution.
A. kirni was collected primarily in the southern and central sites and rarely in
the north, while A. iowensis generally showed an opposite trend. A. magnificens
was fairly evenly distributed throughout all of the regions. The most common
species was A. insolitus which was collected at every site except in Eau Claire
County and in consistently moderate numbers (an average of six specimens per
collecting event). It was often found in the same burrows as A. iowensis, A. kirni
in the south or A. magnificens in the west central sites. A. iowensis was the
second most abundant species averaging eight specimens per collecting event.
The higher average than A. insolitus is due to one unusually large number (57) in
a single collecting event from Sauk County in the spring of 2000. A. iowensis was
often found in the same burrow with A. insolitus and A. magnificens. It is difficult
to discern an overall pattern of species overlap in any given burrow other than
the trends observed by A. insolitus and A. iowensis. However, it was generally the
case that not more than two species would be collected together in the same
collecting event.
The scarab fauna exhibited no distinct seasonal differences among the six
species, except A. kirni, which was recovered consistently in small numbers
throughout the spring into the fall, then dropped off. The remaining species,
except A. peculiosus (collected just once in May), were collected in both early
spring and fall/winter collecting periods. It appears that in Wisconsin, the
numbers of specimens for the majority of Aphodius species peak in the late fall
and winter, then drop off by late spring. In different regions of the country, these
same species may exhibit more or less pronounced seasonal differences, depending on the climate (Skelley and Gordon 2001). A. insolitus, A. kirni, and A.
peculiosus occur south into Texas, but there is no information to indicate what
their seasonality is there.
The gophers’ mounding activities, which increase more dramatically in
the fall, may account for the increased beetle activity in the fall and winter (as
opposed to the spring). Because the gophers are more active making mounds,
the beetles that use above-ground dispersal would have the best opportunity to
locate fresh, active burrows (Skelley and Gordon 2001).
The investigation of this novel habitat has demonstrated the importance of focusing on such areas when doing faunal surveys. In microhabitats
such as burrow systems, endemic fauna may be found that would not be collected in any other habitat or by any other means. The loss of these microhabitats due to urbanization and management practices may result in a large reduction of species diversity.
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DISTRIBUTION OF CROTALOMORPHIDAE AND PODAPOLIPIDAE
(ACARI: HETEROSTIGMATA), ECTOPARASITES OF STENOLOPHUS
(COLEOPTERA: CARABIDAE) IN NORTH AMERICA
Robert W. Husband1 and David O. Husband2

ABSTRACT
Eutarsopolipus elzingai Husband (Tarsonemoidea: Podapolipidae), parasitic on Stenolophus comma (Fabricius) and Stenolophus lecontei (Chaudoir) (Coleoptera: Carabidae) is reported from southern Canada and the United States
from Oregon to Maine and from Michigan to North Carolina. Eutarsopolipus
brevichelus Husband and Husband is distributed east of the Rocky Mountains
in southern Canada and in the United States from Colorado to Virginia and
from Michigan to Louisiana. Crotalomorpha camini Lindquist and Krantz is
reported from Kansas and Nebraska east to Massachusetts and from Michigan
to Arkansas. Hosts for E. brevichelus and C. camini are S. lecontei and S. comma.
Stenolophus fuliginosus (Dejean) is a new host for E. brevichelus in New
Brunswick, Canada. S. maculatus (Leconte) in Oregon and S. lineola (Fabricius)
in southern California, U.S.A. are newly reported hosts of E. elzingai.
____________________
Mites in the family Podapolipidae (Acari: Heterostigmata) are parasites
of insects, particularly Coleoptera. Most of the 200 described species are known
from relatively few hosts and relatively small areas.
Two exceptions to the limited knowledge of distributions of podapolipid
species are illustrated by Locustacarus (Bombacarus) buchneri Stammer (Stammer 1951) and Chrysomelobia labidomerae Eickwort (Eickwort 1975). L. buchneri
is found in tracheae of 25 species of bumble bees (Hymenoptera: Apidae;
Bombinae) in the northern hemisphere (Husband and Husband 1997). C.
labidomerae, a parasite of Labidomera clivicollis (Kirby), Leptinotarsa
decemlineata (Say), L. signaticollis (Stal.), L. undecemlineata (Stal.) and L. cacica
Stal. (Coleoptera: Chrysomelidae) is widely distributed in North America
(Eickwort 1975, Baker and Eickwort 1975, Drummond et al. 1984, Houck 1992,
Abbot and Dill 2001).
The first parasitic mite species noted from Stenolophus, (Coleoptera:
Carabidae) Crotalomorphidae (Acari: Heterostigmata), was illustrated by
Krantz (1970) based on an unpublished drawing by Joseph Camin. The species was later described as Crotalomorpha camini Lindquist and Krantz
(Lindquist and Krantz 2002) from Stenolophus (Agonodorus) lecontei (Chaudoir)
and Stenolophus sp. collected in eastern Kansas and Nebraska. The second
species described from S. lecontei and S. comma (Fabricius) was Eutarsopolipus
elzingai Husband (Acari: Prostigmata: Heterostigmata) (Husband 1998) from
Arkansas, Indiana, Michigan, Missouri and Texas. Husband and Husband
(2004) discussed the distribution of podapolipid parasites of Michigan
Stenolophus and summarized previous studies of these parasites. The purpose of this paper is to report additional Stenolophus species as hosts for
subelytral acarine parasites and observations on the occurrence of these parasites in southern Canada and the U. S. A.
1
Biology Department, Adrian College, Adrian, MI 49221, U.S.A. (email:
husbandadrian@aol.com).
2
346 Jamacha #61, El Cajon, CA 92019, U.S.A. (email: davidhsbnd@aol.com).
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METHODS AND MATERIALS
More than 2500 Stenolophus were borrowed from the collections of the
following institutions: University of Alberta, Canada, University of Arkansas,
California Academy of Sciences, Florida Department of Agriculture, Harvard
University, Illinois Natural History Survey, Iowa State University, Kansas State
University, Los Angeles County Museum of Natural History, Michigan State
University, University of Michigan, University of Missouri, Ohio State University, Oklahoma State University, Oregon State University, Purdue University,
Texas A. & M. University, and Texas Tech. University. Twenty-two species of
Stenolophus from Canada and the United States from these collections were
examined for subelytral parasitic mites using the technique described in Husband and Husband (2004). Mites were studied with the aid of a Zeiss phase
contrast microscope with an ocular micrometer. The terminology for mite structures used here follows Lindquist (1986).
RESULTS
Three species of Heterostigmatina were recovered from the examined collections of Stenolophus: Eutarsopolipus elzingai, and E. brevichelus Husband
and Husband (Tarsonemoidea: Podapolipidae) and Crotalomorpha camini
(Dolichocyboidea: Crotalomorphidae).
Characteristics of the three species of mites are discussed in Husband
and Husband (2003, 2004). Figures of adult females are reproduced here with
their distribution patterns in North America (Figs. 1-3). Specific records of
localities in Michigan are found in Husband and Husband (2004).

Figure 1. Distribution of Eutarsopolipus elzingai, a parasite of Stenolophus comma,
S. lecontei, S. lineola and S. maculatus.
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Figure 2. Distribution of Eutarsopolipus brevichelus, a parasite of Stenolophus
comma, S. fuliginosus and S. lecontei.

Figure 3. Distribution of Crotalomorpha camini, a parasite of Stenolophus comma
and S. lecontei.
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Distribution of Eutarsopolipus elzingai. All records cited here are
from Stenolophus comma unless otherwise noted.
New distribution records in Canada are: Alberta: Lethbridge, 25 July
1956 and 8 July 1972; British Columbia: Boundary Bay, 46o 006’N, 123o 039’W,
1 June 1958; Quebec: Como, July-August 1933; Saskatchewan: 9 km. NE
Robsart, 21 May 1976 (Fig. 1).
Previous distribution records from Michigan, U.S.A. are noted in Husband and Husband (2004). New distribution records in the U.S.A. are: California: Imperial Co., Brawley, 5 June 1962, host S. lineola (Fab.); Idaho: Bannock
Co., Pocatello, June 1933; Illinois: Champaign Co., Homer Park, 11 July 1927,
Mahomet, 7 July 1937 and Urbana, 20 May 1926, Cook Co., Palos Park, 10
April 1935, Douglas Co., Arcola, 10 July 1937, McHenry Co., Richmond, 9 June
1938, Peoria Co., Peoria, 8 Aug. 1938; Indiana: Lawrence Co., Spring Mill State
Park, 19 June 1983, Monroe Co., Bloomington, 18 Oct. 1933; Iowa: Boone Co.,
Ledges State Park, 22 April 1950, host S. lecontei, Story Co., Ames, 3 June 1938,
host S. lecontei, Webster Co., 8 mi. W. Dayton, 22-27 July 1965, Woodbury Co.,
Sioux City, 1 July 1914; Maine: Oxford Co., Norway, no date; Missouri: Boone
Co., Columbia, June 1986, Linn Co., Linnaeus, June 1983; New Mexico: Sandoval
Co., Jemez mts., 21 July, no year, host S. lecontei; New York: Tompkins Co.,
Ithaca, 12 July 1915; North Carolina: Catawba Co. Hog Hill, 19-26 May 1976,
3 July 1959, Haywood Co. Lake Junaluska, 30 June 1959; Ohio: Ashtabula Co.,
Saybrook Park, 8 July 1930, Athens Co., Athens, 10 May 1931, Franklin Co.,
Columbus, 9 May 1929, Hocking Co., Spruce Run, 20 April 1935, Putnam Co.,
Pleasant Township, section 23, 6 July 1934; Oregon: Baker Co., Robinette, 18
June 1938, Benton Co. Corvallis, 6 October 1960 and Coffin Butte, 25 Sept.
1952, Polk Co., Independence, 24 July 1934, host S. maculatus (Leconte), Yamhill
Co., McMinnville, 6 July 1953; Pennsylvania: Erie Co., Presque Isle, 12 July
1940; Texas: Lubbock Co. Texas A. & M. Experiment Station, 8 Oct. 1968, host
S. lecontei, Hale Co., Abernathy, 25 July 1968, host S. lecontei; Virginia, Fairfax
Co., Falls Church, 12-15 July, host S. lecontei; Utah: Cache Co., 28 July 1955
and Logan, 14 July 1922, Millard Co., Delta, 14 July 1947, Utah Co., 31 July
1956, Weber Co., 31 July 1957; Virginia: Fairfax Co., Falls Church, 12-15 July,
no year; Washington: Kittitas Co., Vantage, 9 May 1963, Whitman Co., Palouse,
28 Aug. 1932; Wisconsin, Dane Co., 20 May 1925, host S. lecontei; Wyoming:
Converse Co., Douglas, 27 July 1964, and Platte Co., 11.5 mi. SW Fort Laramie,
29 July 1964 (Fig. 1).
Distribution of Eutarsopolipus brevichelus. All records in Canada
and U.S.A. are from Stenolophus comma unless otherwise noted. New distribution records for Canada are: Alberta: Lethbridge, 8 July 1972, Medicine Hat, 21
July 1956, near Ralston- 50o 16’N, 111o 34’W, 10 May 1955; Saskatchewan: 9
km. NE Robsart, 21 May 1976, 16 mi. S. Cypress Hill Park, Route 21, 28 June
1955, 2 July 1967; New Brunswick: Penobsquis, 29 July 1926, host S.
fuliginosus (Dejean) (Fig. 2).
Previous distribution records are from Arkansas, Indiana, Michigan, Oklahoma and Texas (Husband and Husband 2003, 2004). New distribution records
are: Colorado: Boulder Co., Lyons, 28 June 1957, Hayden Lake, 16 June 1956,
Jefferson Co., Arvada, 12 June 1956; Illinois: Adams Co., Quincy, 6 July 1939,
Hardin Co. Elizabethtown, 22 June 1927, host S. lecontei, Henry Co., Algonquin,
no date, Jackson Co., Grand Tower, 21 July 1909, host S. lecontei, Rock Island Co.,
Rock Island, 12 July 1912; Indiana: Tippecanoe Co., Lafayette, July 1989, host S.
lecontei; Iowa: Webster Co., 3 mi. W. Dayton, 22-27 July 1965; Louisiana: Alexandria, 23 July 1938, host S. lecontei; Montana: Rosebud Co., Centerville, 22 July
1915, L. S. Slevin coll.; New Mexico: Sandoval Co., Jemez mts., 21 July, no year,
host S.lecontei; Ohio: Putnam Co., Pleasant Township, section 23, 6 July 1934;
Oklahoma: Latimer Co., 5 mi. W. Red Oak, 2 Aug. 1971; Tennessee: Henderson
Co., Natchez Trace State Park, 13 June 1978, host S. lecontei; Virginia: Fairfax
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Co., host S. lecontei, Falls Church, 12-15 July, no year, host S. lecontei; Wyoming: Platte Co., 11.5 mi. SW Fort Laramie, 29 July 1964 (Fig. 2).
Male, female and larval instars of E. elzingai and E. brevichelus were
removed from under the elytra of one host S. comma or S. lecontei from Alberta
and Saskatchewan, Canada and Michigan, New Mexico, Ohio and Wyoming,
U.S.A. Less than 10% of infested Stenolophus were parasitized by both E.
elzingai and E. brevichelus.
Distribution of Crotalomorpha camini. Previous records are from S.
lecontei or Stenolophus species from eastern Kansas and Nebraska (Lindquist
and Krantz 2002), from S lecontei from northern Oklahoma and western Arkansas (Husband and Husband 2003), and from S. lecontei and S. comma in Michigan (Husband and Husband 2004).
New distribution and host records from S. comma are: Illinois: Champaign
Co., Urbana, Oct. 1925 and 31 March 1917; Indiana, Lake Co., Hammond
(Osborn), 4 June 1911 and Porter Co., Dune Park, 1 May 1927; Massachusetts:
Nantucket Co., Nantucket; North Carolina: Haywood Co., Lake Junaluska, 30
June, 1959; Ohio: Licking Co., Hebron, 10 June 1954 (Fig. 3). The number of C.
camini per beetle varied from 1-4. No larval instars or nonphysogastric females
were found. No individual Stenolophus had both C. camini and Eutarsopolipus
mites.
To determine if species other than Stenolophus lecontei and S. comma may
have carried Eutarsopolipus or Crotalomorpha parasites, we examined the following species of Stenolophus: S. anceps LeConte (24), S. binotatus Casey (10), S.
carbo Bousquet and Larochelle (5), S. cincticollis Leconte (2), S. dissimilis Dejean
(6), S. flavipes Leconte (2), S. fuliginosus (Dejean) (32), S. fuscatus Dejean (9), S.
humidus Hamilton (3), S. incultus Casey (1), S. infuscatus Dejean (29), S. limbalis
Leconte (16), S. lineola (Fabricius) (157), S. maculatus LeConte (18), S. ochrapezus
(Say) (5), S. peregrinus Casey (4), S. plebejus Dejean (12), S. rugicollis Leconte
(4), S. semitinctus Casey (2), S. spetus Dejean (2). In addition to S. comma and S.
lecontei hosts, we found E. brevichelus on S. fuliginosus (1) and E. elzingai on S.
lineola (1) and S. maculatus (1).
DISCUSSION
Ball and Bousquet, in American Beetles, Volumn 1 (Arnett and Thomas
2001), stated the range of Nearctic Stenolophus is transcontinental from southern Canada to the Mexican border and Gulf Coast. They recorded the habitat
for Stenolophus as damp meadows, near borders of lakes and ponds with night
flying adults often seen at lights. Parasites of Stenolophus would be expected to
have similar distribution.
Studies of distribution of crotalomorphid and podapolipid mite parasites
of Stenolophus beetles were previously restricted to investigations of relatively
few specimens and relatively few species of Stenolophus (Lindquist and Krantz
2002 and Husband and Husband 2003). Our survey allows us to make conclusions on the hosts and distribution of these mites with some confidence.
Eutarsopolipus elzingai is distributed from the Pacific to Atlantic coasts of
southern regions of Canadian provinces adjacent to the U.S.A. and as far south
as North Carolina, north Texas and New Mexico and southern California (Fig.
1). E. brevichelus is distributed east of the continental divide in the Rocky
Mountains from southern Alberta to New Brunswick, Canada, in eastern Montana and Wyoming, central Colorado and New Mexico and as far south as Louisiana, U.S.A. (Fig. 2). Records of Crotalomorpha camini from Nantucket Island,
Massachusetts and the upper peninsula of Michigan indicate that C. camini
may be found throughout the eastern United States on at least 2 species of
Stenolophus.
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The percent of beetles from museums which carried either E. elzingai or E.
brevichelus varied from 0% (2) to more than 10% (5) with the majority of museums 3-8% (11). Eutarsopolipus species were collected from late April to early
October. Fourteen of more than 2500 Stenolophus specimens collected from
March to October were found to carry C. camini parasites and only one S.
fuliginosus, one S. lineola and one S. maculatus were infested by Eutarsopolipus
species. None of the examined Stenolophus represents a preferred host for C.
camini. We conclude that C. camini is rare and that S. comma and S. lecontei are
the major hosts for Eutarsopolipus and Crotalomorpha.
We shall continue to examine Stenolophus species from different areas of
North America for crotalomorphid and podapolipid mites to attempt to understand why S. lecontei and one of its parasites, E. brevichelus, is found only east of
the continental divide and why E. elzingai has not been collected in wide areas
adjacent to the Gulf of Mexico. A host beetle, S. lecontei, is common in the
southern U. S. A. and appropriate wet meadow habaitats are abundant. It is
probable that species of Eutarsopolipus from other genera of Carabidae are also
more widespread than current reports indicate.
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LINKAGES BETWEEN THE PHENOLOGIES OF JACK PINE
(PINUS BANKSIANA) FOLIAGE AND JACK PINE BUDWORM
(LEPIDOPTERA: TORTRICIDAE)
Beresford L. Cadogan1, 2, Roger D. Scharbach1, Robert E. Krause1,
Linda S. Sloane1, and John A. Studens1

ABSTRACT
A field study conducted in 2001 and 2002 in the Michigan Upper Peninsula investigated seasonal associations between the development of jack pine,
Pinus banksiana Lamb., and larvae of the jack pine budworm Choristoneura
pinus Freeman (Lepidoptera: Tortricidae). There was almost no active relationship between post-diapause emerging second instars and elongation of vegetative shoots. Early instars were not closely synchronized with the flushing of
current-year needle fascicles, which is required to optimize larval feeding. However, there were close feeding and shelter relationships between early instars
and year-2 pollen cone development. Associations with, and larval damage to,
year-2 seed cones were dependent upon larval population size and posed only
minimal and periodic threats to jack pine seed production. As a consequence,
early instar jack pine budworm relied almost exclusively on pollen cones for
survival. Third to fifth instars vacated pollen cones as soon as they became
desiccated. Only then did these larvae start close associations with vegetative
shoots. First, they excised partially emerged needles at their base, and when the
needle-pairs completely escaped their fascicle sheath, the larvae fed routinely
on the complete needle lamina. Late instars, pupae and adults were associated
with previous years’ and current-year foliage without any apparent bias. This
study has shown that it might be more practical to time insecticide strategies,
which are intended to manage jack pine budworm larvae, to the tree’s phenology
rather than jack pine budworm larval indices.
____________________

INTRODUCTION
Jack pine, Pinus banksiana Lamb., is an important commercial species of
the boreal and cool temperate forests of North America east of the Rocky Mountains. Its geographic range extends from the Atlantic coast of Maine and Nova
Scotia to the MacKenzie Valley in the Northwest Territories and from Central
Wisconsin, with artificial extensions in Nebraska (Boldt 1969) to North Central Quebec (Critchfield and Little 1966). The species occupies a significant
number of hectares in some of the United States Lake States (Heyd 1995),
Ontario (Howse and Meating 1995) and the Canadian Prairie provinces (Moody
1986), but is of lesser importance in the maritime regions. Jack pine silvics have
been reviewed (Fowells 1965, Rudolph and Laidly 1990), and the development
of its reproductive structures is well described by Moore and Nozzolillo (1991).
Vegetative jack pine foliage develops primarily as two or three distinct phases
or flushes. Shoots, sometimes referred to as candles, can begin growing as early
as April in some parts of Canada and the United States, but if favorable conditions prevail, jack pine frequently has a second period of shoot elongation in late
autumn (Rudolph and Laidly 1990). In addition, and equally important, the
1
Natural Resources Canada, Canadian Forest Service - Great Lakes Forestry
Centre, 1219 Queen St. E., Sault Ste. Marie, ON P6A 2E5 Canada.
2
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needles develop much later than the initial shoot elongation, but as a separate
flush. For the purpose of this study, post-winter development of jack pine trees is
described as three distinct foliar developmental events: 1) The elongation of vegetative shoots (terminal and lateral buds) that start prior to, and as a separate
event from needle development, 2) the production of reproductive structures (pollen cones [microstroboli] and seed cones [megastrobili]) that are initiated during
the previous season (Moore and Nozzolillo 1991) and, 3) needle fascicles elongating and differentiating at the same time as shoots are growing.
Of the several insects that attack jack pine (Fowells 1965, Howse 1984),
the jack pine budworm Choristoneura pinus Freeman (Lepidoptera: Tortricidae)
is the most significant pest of jack pine forests in Canada and the Lake States
region of the United States (Howse 1984). Like its principal host, jack pine
budworm biology and development are influenced by temperature, photoperiod
and food intake; thus it appears that the insect and the tree are inextricably
linked. The biology and life cycle of C. Pinus are well documented (DeBoo and
Hildahl 1968, Ives and Wong 1988, Nealis 1995). Briefly, the species lay egg
masses on host trees in late July or early August and these hatch within 14d.
Each year’s population begins as first instars that hatched the previous year
and overwintered as diapausing second instars in hibernacula. Those that survive respond the following spring to temperature and photoperiod (Lysyk and
Nealis 1988), disperse in search of food and shelter, then molt four or five times
before pupating. Population outbreaks of C. pinus occur periodically (Howse
1986, Volney 1988), often causing extensive and severe defoliation, top-kill and
tree mortality in jack pine stands (Benjamin et al. 1961, Kulman et al. 1963,
Gross 1992). As a consequence, the five major jack pine regions (Ontario,
Manitoba, Michigan, Wisconsin and Minnesota) have at times implemented
operational insecticide programs to manage jack pine budworm outbreaks.
It is now widely recognized that effective management of the jack pine / jack
pine budworm complex requires decisions that are supported by in-depth understanding of the insect, its host tree and their interactions.
The objectives of this study were to examine and determine phenological
associations between jack pine foliage and jack pine budworm larvae and how
the interactions might influence management strategies.
MATERIALS AND METHODS
This study was conducted during 2001 and 2002 in a jack pine plantation
(~ 100 ha) at the Raco Plains area in the Sault Ste. Marie District of the Michigan Upper Peninsula. The research area, located in the eastern section of the
Hiawatha National Forest was previously illustrated and described by Heym et
al. (1993), McCullough et al. (1995), and Conway et al.(1999). Four independent
replicated plots (each ~500 × 300 m) separated by ~200 m- wide buffer zones,
were prepared in even-aged stands of 95%, 25-year-old jack pine, interspersed
with ~5% red pine (P. resinosa Ait.). Fifty dominant and co-dominant jack pine
were randomly selected throughout each plot and marked as sample trees.
We placed meteorological equipment (Campbell Scientific Canada Corp.,
Edmonton, AB.) in the approximate center of the plantation and monitored
temperature, rainfall and sunlight continuously from March to September each
year. We chose these three variables primarily because they significantly influence both tree and insect phenology. A temperature probe (#204) within a radiation shield (#41301-5) was installed at the top of a 3m mast to measure the
ambient air temperature. Rainfall was measured with a Texas Tipping Bucket
rain gauge (TE525) and we used an UV light monitor (BW-20-T-10) to measure
periods of sunlight. The sensors were controlled with a data logger (CR10x)
fitted with a card storage module (Model CSM1) that recorded and stored large
data sets accumulated over long continuous data- logging periods. The variables
were sampled every 2 sec, with data output at hourly intervals. Rainfall and UV
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were presented as daily totals whereas temperatures were determined as daily
means with minima and maxima. In addition, using these data, we calculated
accumulated heat units or growing degree days (GDD) with computer software
(Allen 1976, Higley et al. 1986) using 4.5 °C and 32 °C, as lower and upper
thresholds, respectively as these satisfied developmental requirements of the
insect and its host.
Biological samplings were conducted every 2, 3, or 7d with the two shorter
intervals corresponding with periods of most rapid tree and insect development.
At each sampling, eight (16%) of the chosen trees in each plot were randomly
chosen as that date’s sample trees. A 60-cm branch tip was taken with pole
pruners from the mid - to upper- crown of each of the chosen trees, placed in a
cotton bag and secured to prevent larvae from escaping, then taken to the Canadian Forest Service (CFS) laboratory at Sault Ste. Marie, ON within 1h. The
branches were examined immediately or stored in a cold room (4 °C) until they
were processed within 48h. We determined the number and phenology of vegetative shoots (buds) and year-2 pollen-cone clusters (Batzer and Jennings 1980,
Barnes and Wagner Jr. 1981, Moore and Nozzolillo 1991) on each branch. The
latter reproductive structures, although not technically flowers (Barnes and
Wagner Jr. 1981) are also referred to as staminate or male flowers (Lejeune
1950, Nealis 1990, Rose et al. 1999) or male cone clusters (Batzer and Jennings
1980). In addition we noted the presence or absence of year- 2 seed conelets. Jack
pine budworm stages (egg to adults) found on each branch were removed and
counted. Larval stadia were visually classified, then later confirmed by measuring head capsules (Lejeune 1950, Nealis 1987) with an electronic measuring
device (Model MMS 235, Leica Canada Inc., Willowdale, ON) fitted to a binocular microscope. From these determinations, larval indices were compiled (Dorais
and Kettela 1982) for each sample date.
STATISTICAL ANALYSIS
BMDP computer software (Dixon et al. 1990) was used for data analyses.
Raw data with wide variability were log (x + 1.0) transformed before analysis to
eliminate excessive skewness (Bartlett 1947). However, the data presented
throughout the manuscript are non-transformed. Quantitative data relating to
vegetative and reproductive jack pine structures as well as C. pinus larval populations and adult oviposition were analyzed with Analysis of Variance (ANOVA).
Multiple comparison t-tests were used to separate significantly different means.
We used Program 1R (Linear Regression of Groups) to examine relationships
primarily because linear regressions describe relationships only between dependent and independent variables without introducing interactions with unknown nuisance factors. For all tests, probability values ≤ 0.05 were judged to
be significant.
RESULTS AND DISCUSSION
Weather parameters during 2001 and 2002 are presented in Fig.1. Mean
temperature profiles and overall temperatures during both years (Fig.1A) were
similar. Thus it is unlikely that temperatures would have significantly influenced any phenological differences observed between 2001 and 2002; unless
subtle temperature change significantly affect jack pine or C. pinus. Growing
degree days (GDD) accumulated more slowly in 2001 than in 2002; but after
approximately 55d the total GDD were similar (Fig.1A). Seasonal relationships
between Julian days (JD) and GDD were almost constant in 2001 and 2002 (y =
0.295x, R2 = 0.329 and y = 0.305x, R2 = 0.2915, respectively, where x = JD and y
= GDD; Fig.1A). These rates of heat-accumulation during the two years were not
significantly different (Program 1R, Comparison of Slopes, df = 1,40; F = 0.255;
P = 0.6164). It is also unlikely that differences in GDD would have contributed to
significant differences in the jack pine or insect phenology between the years.
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Fig. 1. Weather conditions that prevailed during 2001 and 2002 in a jack pine stand
at Raco, Michigan. (A) Mean daily temperatures and relationships between (x)
Julian days and (y) accumulated growing degree days (GDD), where y = 0.295x;
R2 = 0.329 and y = 0.305x; R2 = 0.2915 in 2001 and 2002, respectively. The slopes
were not significantly different (BMDP Comparison of Slopes, df = 1,40; F = 0.255;
P = 0.6164). Patterns of rainfall (indicated by bars) and ultra-violet light (indicated
with lines) in 2001 and 2002 are shown in B and C, respectively.
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There were no significant lengthy periods of irregular sunlight (UV light) that
might have negatively influenced the phenologies of the host tree or the insects.
Less rain fell in 2001 (361.4 mm from 59 rainy sessions) than in 2002 (391.2
mm from 64 rainy sessions), but the overall seasonal distributions were similar
in both years (Figs 1B and 1C).
In addition to rainfall, total snowfalls that were not measured in both
years, might have contributed to soil moisture that was available to influence
jack pine development. In 2001 and 2002, snow in the plots had completely
receded by JD 143 (Calendar date, May 21) and JD153 (Calendar date, June 2),
respectively. These dates should not infer different levels of snow precipitation,
as rates of snow-melt could be differentially affected by respective spring temperatures.
While it is accepted that seasonal climate and daily weather conditions
influence the phenologies of both jack pine and jack pine budworm, there was no
evidence that drought or extreme temperatures would have made the tree and
insect phenologies in 2001 significantly different from those in 2002.
Jack pine shoot phenology. As determined with red pine, P. resinosa Ait.,
shoot length is controlled by water supplied during the previous year’s growing
season, whereas needle elongation responds to current-year water supply (Garrett
and Zahner 1973). Therefore, evaluating jack pine phenology, in relation to water
supply, presented a challenge which was compounded in our study because we had
no rainfall data for 2000. Nevertheless, although elongation of jack pine vegetative shoots started much earlier in 2001 than in 2002, the respective rates of
growth were not significantly different, either on a JD or a GDD basis (ANOVA, df
= 1, 34 ; F = 0.307; P = 0.5828; and df = 1, 33; F = 2.498; P = 0.1234, respectively)
(Figs. 2 and 3).
However, it was not shoot growth per se but the development of the needle
fascicles that provided the initial availability of new foliage as food for newly
emerged post-diapause C. pinus larvae. During early development, the needle
fascicles oriented approximately parallel to the shoot; but as the needles elongated, they escaped the fascicle sheath, exposing some of their green tissue at the
tips only. It was only then that new leaf-tissue was assessed to be readily available as larval food. In addition, needle fascicles slowly flared and changed their
orientation until they reached what Audus (1969) refers to as their preferred
orientation; for jack pine the preferred orientation was at ~45° to the shoot.
The mean number of vegetative shoots per branch in 2001 was significantly lower (two sample t-test, P < 0.05) than in 2002 (Table 1). However,
means were significantly different among plots in 2001 (ANOVA, F3, 64 = 3.64; P
= 0.017) but not in 2002 (ANOVA, F3, 76 = 2.69; P = 0.056). This suggests that
there was considerable variation in shoot production among plots in 2001 when
insect populations were high but less variation in 2002 when larval populations
were decreasing.
We found significantly more (two sample t test, P = 0.05) pollen cone
clusters/branch in 2001 than in 2002 (Table 1). Similar to the vegetative shoots,
the number of pollen cone clusters per branch among plots was significantly
different in 2001 (ANOVA, F3,64 = 7.73; P = 0.001), but not in 2002 (P = 0.056). In
2001 the ratio of pollen cone clusters to vegetative shoots was high (1:24 ± 10)
but dropped by ~ 30 × (1:722) in 2002. In 2001, ~ 99% of the branch samples had
1.0 pollen-cone cluster, but in 2002, 56% of the branches had no clusters at all.
It is in reference to these host tree developments that C. Pinus interactions with
its principle host were observed.
Jack pine budworm larval phenology - Figs. 3 and 4 show the larval
development of C. pinus during 2001 and 2002 in relation to growing degree
days (GDD) and Julian days (JD), respectively. Larval jack pine budworm
_ populations in 2001 were moderately high (22.85 ± 9.4 per branch [seasonal x ± SD]).
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Fig.2. Elongation of jack pine vegetative shoots and growing degree days in relation
to calendar days in (A) 2001 and (B) 2002. The rates of shoot elongation were not
significantly different (BMDP Comparison of slopes, df = 1,34; F = 0.307; P = 0.5828).
Time of pollen-shedding is denoted by ‘p’ and ‘f’ shows when jack pine needle-pairs
escaped the fascicle sheath.
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Fig.3. Development of larval jack pine budworm and elongation of jack pine vegetative shoots in (A) 2001 and (B) 2002 in relation to growing degree days. Rates of
larval development during the two years were significantly different (BMDP Comparison of slopes, df = 1,23; F = 52.54; P = 0.001) but shoot elongation was not
significantly different (df = 1,33; F = 2.498; P = 0.1234). Jack pine pollen shedding is
indicated by ‘p’ whereas ‘f’ shows when the needle-pairs escaped the fascicle sheaths.
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Fig.4. Relationships between calendar days, jack pine budworm larval development
and growing degree days in a jack pine stand. Rates of larval development in (A) 2001
and (B) 2002 were not significantly different (BMDP Comparison of Slopes, df = 1,30;
F = 0.950; P = 0.3375) Time of pollen shedding is denoted by ‘p’ and time when the
needle tips escaped the fascicle sheaths is denoted by ‘f’.
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The following year the mean jack pine budworm population was approximately
4.5x smaller (Table 1) and these two populations were significantly different
(two sample t-test, P < 0.05). When based on JD, there was no significant difference in larval development between the two years (Fig. 4, Program 1R, Comparison of slopes, df = 1, 30; F = 0.950; P = 0.3375), but when assessed on GDD
(Fig.3), the development during the two years was significantly different (df = 1,
23; F = 52.54; P < 0.001). This suggests that GDD might be a more sensitive
predictor of C. pinus development than JD.
Weber (1995) postulated that female C. pinus oviposit part of their egg
complement (supposedly to lighten their payloads) before emigrating from
heavily defoliated stands (i.e., by implication, from stands with high larval
populations). In our study, the number of egg masses recovered in 2001 (when
the populations were high) and in 2002 (with low populations) was not significantly different (P < 0.05). These findings do not support Weber’s (1995) hypothesis, otherwise, we should have encountered, as would have been expected, a
significantly higher number of small egg masses in 2001 than in 2002.
These data suggest that when C. pinus populations collapse, the reductions start with significantly less oviposition rather than with mortality of early
instars as is now widely believed. This possibility, clearly identifies a need to
further research and better understand inter-relationships between C. pinus
larval numbers, the adults that subsequently develop and their reproductive
capacity (sex ratio, oviposition and fertility). Information on how these factors
influence population collapses could be important to better define the bionomics and management of the species.
Phenological linkages. In 2001 and 2002, overwintering jack pine budworm emerged from diapause on JD 143 and 151, respectively (Fig.4). These
dates correspond to 205 and 146 GDD of accumulated heat units, respectively
(Fig.3). It is accepted that inter-year emergence dates of C. pinus might be
widely dissimilar; however, these results suggest that post diapause emergence
of C. pinus might also occur at widely disparate accumulated heat units.
We found no published reports that compared inter-year julian days /
calendar dates or accumulated heat units for jack pine shoot development. Nevertheless, in our study, measurable shoot elongation also started at different
GDD and JD in 2001 and 2002 (Figs. 2 and 3). C. pinus emergence during both
years occurred when the vegetative shoots (buds) were still very dormant. In
2001, larvae emerged when year-2 pollen cones were producing pollen (i.e. at the
‘Mid-May’ stage), but when they emerged in 2002, the cone clusters had only
developed to the ‘Early-May’ stage (Moore and Nozzolillo 1991) (Figs. 3 and 4).
This shows that when 2nd instar C. pinus emerge in the spring, it is almost
certain that current-year needles would not be readily available as food; and
furthermore, that occasionally, pollen cones might also not be suitable as food
for short periods. This uncertainty of an available food source for newly emerged
post-diapause C. pinus might also be a contributing factor to the instability of
C. pinus populations.
Linkages between jack pine budworm and jack pine reproductive structures
- Early- instar C. pinus associations with jack pine pollen cones are well documented (Graham 1935, Batzer and Jennings 1980, Nealis 1990, Weber 1995).
In our study, even though current-year needles were unavailable as food for
newly emerged post-diapause C. pinus, we observed that these larvae seldom
mined needles from previous years’ growth as spruce budworm Choristoneura
fumiferana (Clem) do. In the absence of suitable food, early- instar jack pine
budworm usually wander until the pollen cones reached the ‘Mid-May’ (see
Moore and Nozzolillo 1991) stage of development and had begun to shed pollen.
In our study, this occurred at JD 143 (205 GDD) and JD 157 (186 GDD) in 2001
and 2002, respectively (Figs.3 and 4). Only then did larvae occupy the pollen
cones. It is evident that although pollen was shed approximately 16d later in

50.34 ± 14.7 a
129.90 ± 38.96 b

Vegetative shoots*
2.7 ± 2.4 a
0.63 ± 1.96 b

Pollen cone clusters*
22.85 ± 9.4 a
4.99 ± 4.2 b

Jack pine budworm*

0.62 ± 1.25 a
0.79 ± 0.57 a

Egg masses**

* n = 270 - 383 branches from 14 - 24 samplings in 2001(May to August) and 2002 (April to August), respectively.
** n = 47 and 48 branches during August/September in 2001 and 2002, respectively.
Means in a column followed by different letters are significantly different (two sample t-test, P = 0.05).

2001
2002

Study Year

Table 1. Jack pine shoots, pollen-cone clusters, jack pine budworm larval populations and adult oviposition during two study years in
Michigan Upper Peninsula .
_
Number per branch (x ± SD)
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2001 than in 2002, there was a surprising synchrony with respect to growing
degree days. In 2002, when the jack pine trees produced very few pollen cone
clusters (Table 1), groups of ~3 to 10 early- instar C. pinus were observed at the
bases of old needles. Although no needle damage was evident, we hypothesized
that the massing of larvae at these locations might be beneficial to them.
During both study years approximately 90% of the larvae taken from
samples during the pollen-shedding periods were recorded from pollen cone
clusters. Although it appears that green ‘Early-May’ cones did not attract early
instars, as soon as pollen was produced, larvae readily fed on both pollen grains
and internally on cone tissues. However, when pollen grains became desiccated
and appeared to be no longer viable as larval food, some larvae continued feeding on cone tissue until the cone clusters were completely desiccated and were
disintegrating.
Therefore, the abundance and availability of year-2 pollen cones play important roles in the population dynamics of C. pinus. Nevertheless, there is no
consensus among researchers, whether pollen cones provide any developmental
advantages to early instar jack pine budworm (Lejeune 1950, Clancy et al. 1980,
Hansen 1988, Nealis and Lomic 1994). Our study shows that jack pine pollen
cones are a timely, important, but relatively short-lived source of food and shelter
for early- instar C. pinus and that this food source, provided at a time when
current year vegetative foliage is largely unavailable, must somehow enhance
larval survival and therefore influence jack pine budworm populations. However,
in our study the presence in 2001, or the absence in 2002, of pollen-shedding cones
when overwintering C. pinus emerged, did not significantly alter the overall rate of
larval development between the two years (Figs. 3 and 4). Nor did the initial
presence or absence of pollen, respectively accelerate or retard larval development
during that brief period when pollen cones were available as food (Larval indices
were 2.0 to 4.2 and 2.5 to 4.1 in 2001 and 2002, respectively).
Pollen cones reached the ‘Early-June’ (i.e., complete dessication) stage
(Moore and Nozzolillo 1991) at JD 166 (409 GDD) and JD 171 (345 GDD) in
2001 and 2002, respectively and were no longer desirable as larval food. As a
consequence ~95% of the resident larvae abandoned the clusters for the vegetative shoots. Nevertheless, weeks after disintegration of the cones, small numbers ( 0.001 larvae /cone cluster) of larvae continued to occupy tunnels within the
central axis of what were formerly the pollen cone clusters. None of these tunnel
larvae completed development although some persisted for weeks before dying.
We found no shed larval head capsules within the tunnels, therefore it is likely
that the axial stems might have been only adequate to maintain life but not
sufficiently nutritious to promote larval molts. It seems therefore ironic that the
same reproductive structures that sustained early instar jack pine budworm at
a critical period in their life history, appeared to have also curtailed stadial
development at a later period.
We found no strong linkages between C. pinus and the development of jack
pine seed cones.
Pollinated year-2 seed cones (Moore and Nozzolillo 1991) were clearly
evident on JD 151 (256 GDD) and JD 162 (251 GDD) in 2001 and 2002, respectively. Whereas these calendar dates were widely divergent, there was good
synchrony between the growing degree days. This suggests that heat units, and
not calendar dates, might be the primary variable, influential in their development. There was no evidence that C. pinus colonized pollinated year-2 seed
cones in the same way as they did pollen cones or that seed cones are influential
in the development of C. pinus larvae. In 2001 when larval populations were
moderately high (Table 1), 70% to 80% of the red conelets of pollinated seed
cones were damaged by C. pinus larvae, but in 2002, when larval populations
were low, no conelets were attacked, which suggests that conelet damage might
be insect-density dependent.
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These findings suggest that high larval C. pinus populations, albeit periodic, do not pose a serious threat to jack pine seed production.
Relation between C. pinus and jack pine vegetative shoots. The primary
relationships between a forest insect defoliator and its principle host focus on
one or the other gaining or defending advantages. Most reported incidences of C.
pinus relationships with jack pine foliage refer to quantitative assessments of
insect damage to the host tree; thus concentrating on the insects’ advantage over
the tree. Only a few (e.g., Ives and Wong 1988, Hansen 1988) have examined
wider interactions between jack pine budworm and jack pine vegetative shoots
to provide both qualitative and quantitative accounts of these associations. As
noted earlier, C. pinus overwinter as larvae and are essentially flush-feeders;
(i.e., they feed primarily on newly flushed foliage) and that the vegetative shoots
and the needle fascicles that are part of the flushing shoot, develop differently.
Although jack pine shoot elongation indicates the potential long-term volume of
foliage that would be available for larval food, needle development over the
short term is probably more important to early instars of the species.
In our study, second instars emerged from diapause 14 - 17d before jack
pine needles escaped their fascicle sheaths and exposed their green tissue. We
found no evidence that the copious amounts of resin that were routinely produced by the growing vegetative shoots inhibited C. pinus larval movements on,
or associations with its host. This implies that this material probably is not
intended as a defence mechanism against the defoliator, but might be a physiological plant response, induced by climate. In 2001 and 2002, needle tips began
to escape their sheaths (Fig. 5A) at JD 160 ± 1.7 and JD 170 ± 1.0 ( ± SD),
respectively, providing the first opportunities for larvae to freely feed on partially exposed current-year foliage. It was therefore evident that vegetative shoots
were not a significant food source for 2nd and 3rd instar jack pine budworm
during the critical period from the time larvae emerged in the spring to when
needles escaped their fascicle sheaths.
Our study objectives did not require quantitative foliar measurements.
However, during the periods when jack pine budworm were vacating the desiccated disintegrating pollen cones (JD 164-173), there were significant increases
in damage to immature needle fascicles. At that time, the vegetative shoots had
elongated substantially (Fig. 2), but the length of needle fascicles averaged 0.9
cm. In addition, the needle pairs were still bound by the sheath at the base (Figs.
5A,B) and only the tips of needles were readily accessible as larval food (Figs.
5A,B). With a relative shortage of current-year foliage on which to feed, C. pinus
larvae (now primarily larval indices 3.8 to 4.9 and 2.9 to 3.5 in 2001 and 2002,
respectively) attacked needle fascicles by boring into the fascicle sheaths (Fig. 5B)
and feeding on the needle pairs. Our observations of fascicle mining agree with the
observations made by Ives and Wong (1988). This mining almost always resulted
in the immature needles being severed laterally, killing them. It is questionable if
these lateral excisions (Ives and Wong 1988) are the jack pine budworm’s innate
feeding style or if they are opportunistic responses to circumstances. We suggest
that it is the latter. Even after C. pinus larvae penetrate the fascicle sheath,
gaining full access to the needle pairs and utilizing their full food potential would
still be restricted. The remnant fascicle sheath (Fig.5B) apparently constrains
longitudinal consumption of the needle; thereby limiting larval feeding to the
diameter of the entry hole. In addition, because of the narrow width of needle
blades, complete excisions seem inevitable.
It is likely that this type of restricted feeding requires multiple fascicle
attacks in order to provide sufficient levels of food for developing larvae and this
might be one reason why high larval C. pinus populations inflict such severe
damage to developing vegetative shoots. In our study, dead immature needles
remained generally within the fascicle sheath and were retained on the shoot by
larval webbing for the summer. When large numbers ( 90%) of these needles were
killed, the shoot usually died as well.
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Fig.5. Jack pine needle fascicles (not to scale) showing a) needle tips as they escape
the fascicle sheath, b) intact fascicle sheath, c) typical larval damage, d) the fascicle
base, e) a needle pair that has largely escaped the fascicle sheath and f) mature
needle pair without a fascicle sheath.
A. Undamaged needle tips as they escape a fascicle sheath. B. Fascicles showing
typical mining damage by 3rd and 4th instar jack pine budworm that results in lateral
excision of the encased needles. C. Undamaged needle pair that has largely escaped
the fascicle sheath. D. Dislodged mature needle pair with typical feeding damage
along the needle blade, and with an intact fascicle base; suggesting physiological
abscission rather than larval lateral excision.
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Jack pine budworm larvae are reported to be wasteful feeders because of
this reputation for excising needles at their base and leaving them mostly uneaten (Kulman et al. 1963, Ives and Wong 1988, Volney 1988, Nealis 1995). Our
observations suggest that this reputed wastefulness might be overstated.
As discussed earlier, lateral needle excision, which implies wastefulness,
appear to be largely a temporary feeding phase. We observed that when jack
pine needle pairs had completely outgrown the fascicle sheath (Fig.5C) and had
flared, C. pinus became semi cryptic (see Ives and Wong 1988) and fed and
behaved similarly to spruce budworm. That is, they routinely fed on all sections
of the needle blade (Fig.5D). This showed that C. pinus larvae were not restricted to one feeding style and that late instars do not obligately excise needles
laterally. We collected dead needles in 2001 when larval populations were high
(Table 1), and 64 % (n = 414 needle pairs) had been shed with their fascicle base
intact (Fig. 5D) and not cut off laterally by larvae at the needle base. Almost all
(92.5%) of those that were shed with the base intact had needle blades that were
damaged by insects. In 2002, when larval populations were low, fewer needles
were collected but the trend of the previous year continued on a small scale.
These findings suggest that most fallen mature needles might not result from
wasteful lateral excisions, but might be caused by the tree’s physiological responses to needle damage. Lateral excisions sever the leaf lamina above the
fascicle base, whereas physiological abscissions result in needle pairs with fascicle bases intact (Fig. 5D). It is possible that when insect defoliators injure jack
pine needles, the tree responds by prematurely abscising those needle fascicles
instead of containing the injuries with wound healing. Additional studies are
required to further explore this aspect.
Choristoneura pinus are reported to have either six or seven instars (Lejeune
1950, Nealis 1987) but for practical reasons, during this study we treated the
two stages as 6th instars. The first of these late instars were found on JD170
(454 GDD) and JD176 (419 GDD) in 2001 and 2002, respectively, but this stage
did not peak until ~18d later during both years (Figs. 3 and 4). In both years, this
peaking coincided with shoot development (Figs. 2 and 3) that might be able to
withstand larval feeding . Late instar C. pinus, like 6th instar spruce budworm
(Talerico 1984), are responsible for most of the volume of foliage consumed;
however, we speculate that jack pine budworm instars 3 - 5 might be equally
destructive considering the high number of immature needle fascicles, and as a
consequence entire shoots, they destroy.
Even in the presence of current-year foliage, late instar C. pinus fed and
readily pupated on both current and previous-years’ foliage. Pupae were first
observed on JD 180 (586 GDD) and 190 (651 GDD) in 2001 and 2002, respectively. From year to year, the rate of larval development varied depending on
how it was measured, but it is very unlikely that accumulated heat units
(GDD) per se imposed thresholds on pupal emergence. We suspect that periods of pupal development might be more influenced by larval food intake
than by time (JD) and, or temperature (GDD). In 2001 we observed our first
adults on JD 187 (664 GDD) and on JD 199 (782 GDD) in 2002. However, we
found no relationships between jack pine phenology and adult emergence,
nor were there any obvious associations between foliage development and
jack pine budworm oviposition. We could not find any foliar developmental
characteristic that consistently related to or coincided with moth emergence
or oviposition.
Relationships between jack pine budworm and jack pine in general, appear
as suggested (Wagner 1991), to be one of those patterns occurring in nature that
result from a complex set of current and historical factors. These factors interact
with one another and with the adaptive plasticity of plants and animals.
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Insecticide applications to control jack pine infestations are traditionally
timed to coincide with the larval phenology of the insect; that is, when, for example, C. pinus populations are peak 3rd or 4th instars. Findings from our study
suggest that the timing of insecticide strategies to manage jack pine budworm
might be better supported by closely observing and using the tree’s phenological
events than by calculating larval development. It is a relatively simple task and
considerably less onerous to visually monitor tree phenology than to regularly
sample insect populations and construct larval indices. We identified the following three distinct milestones in jackpine phenology that can be used successfully
to time spray applications or other management strategies.
1) Sprays that are intended to target early post-diapause instars should
be applied when year-2 pollen cone clusters have reached, or just before they
reach the first pollen or ‘Mid-May’ stage.
2) Treatments prescribed for peak 3rd and 4th instar C. pinus could be
applied when the majority of pollen cones have turned brown and started to
dessicate (‘Early-June’ stage). The larvae will at the time be vacating them, and
therefore be exposed, but before appreciable damage is inflicted to needle fascicles. This will usually coincide with the partial escape of current-year needle
tips from their fascicle sheaths and should be easy to identify. We propose that
this timing would significantly enhance effective pesticide/target pest interactions, potentially prevent extensive defoliation of the host tree, and, as a consequence improve the success of C. pinus control programs. In addition, it complies
with environmental requirements of not spraying while plants are in bloom.
3) Our third option proposes spraying anytime after the current-year needlepairs have completely escaped the fascicle sheaths but before C. pinus larvae
have pupated. The primary objective of this timing would be larval population
reduction. However, the goal of such a late application should not be to protect
foliage
CONCLUSIONS
This study has shown that:
Choristoneura pinus larval development was not always closely synchronized with the growth and maturation of jack pine foliar structures. Overwintering larvae consistently emerged before jack pine needles flushed and there was
little feeding on either previous-years foliage or dormant shoots. These initial
plant / herbivore phenological associations favoured the tree but later ones
favoured the insect.
Second and third instars fed almost exclusively on year-2 pollen cones and
seemed dependent on these reproductive structures for survival over the short term.
Choristoneura pinus seriously attacks current-year jack pine needles only
after pollen cones are unsuitable as food and during the period of pollen-cone
abandonment, high larval populations can inflict heavy damage to shoots by
laterally excising large numbers of immature needles.
Development of both jack pine and jack pine budworm are more closely
related to growing degree days than to calendar dates.
Jack pine budworm’s reputedly wasteful feeding by lateral excision of
both immature and mature needles might be overstated, and it is likely that
abscised needles are routinely mistaken as laterally excised.
Having closely examined relationships between jack pine budworm and
its principle host, it would be preferable and more practical to time insecttargeted insecticide sprays on observed jack pine phenology rather than on the
presently used method of sampling larvae to determine the prescribed insect
development.
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A NEW SPECIES OF PEDIOBIUS (HYMENOPTERA: EULOPHIDAE)
PARASITIZING CHYLIZA APICALIS (DIPTERA: PSILIDAE)
IN ASH TREES ATTACKED BY AGRILUS PLANIPENNIS
(COLEOPTERA: BUPRESTIDAE)
Michael W. Gates1, Houping Liu2, Leah S. Bauer2, 3, and Michael E. Schauff4

ABSTRACT
Pediobius chylizae, spec. nov. (Hymenoptera: Eulophidae), is described as
new and illustrated. This parasitoid has been reared from the puparia of Chyliza
apicalis Loew (Diptera: Psilidae) collected from under the bark of ash trees
(Oleaceae: Fraxinus spp.) dying after attack by the emerald ash borer, Agrilus
planipennis Fairmaire (Coleptera: Buprestidae), an invasive beetle from Asia.
This species is compared with related species of Pediobius from the Holarctic
Region.
____________________
In this paper we describe a new Nearctic species of Pediobius Walker
(1846) (Hymenoptera: Eulophidae), compare it with species from the region, and
place it within the context of published works addressing the world fauna. This
cosmopolitan genus contains 32 Nearctic species among 215 nominal species
worldwide (Noyes 2002). Although much taxonomic work concerning Pediobius
is available (e.g., Burks 1966, Kerrich 1973, Boucek 1977, Kamijo 1983, Peck
1985, Kamijo 1986a, 1986b, Hansson 2002), many eulophids, including
Pediobius, await discovery (Hansson 2002). Biologically, species of Pediobius
are quite diverse, acting as primary or secondary parasitoids, utilizing eggs,
larvae and/or pupae of species in the insect orders Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera, Mantodea and Thysanoptera, as well as eggs
of Araneae (Burks 1966, Boucek and Askew 1968, Kerrich 1973, Peck 1985).
This new species possesses characters of the genus Pediobius as defined
by Schauff et al. (1997; propodeum with two submedian, divergent carinae and
distinct plicae) and subsequently modified by Hansson (2002) (propodeum with
a median carina, groove, or pair of carinae; posterior margin of prepectus overlapped by extension of mesepisternum; lateral ocelli removed from posterior
margin of vertex). Recent and extensive recent treatments of the genus by the
aforementioned authors make unnecessary a redescription. Male and female
specimens can be identified as Pediobius in the keys of Boucek (1965), Schauff et
al. (1997), and Hansson (2002).
METHODS
In the descriptions, structures not visible on the holotype but shown in the
figures are indicated by brackets ([ ]). The term glabrous refers to a smooth,
glossy area of cuticle. A stereomicroscope (Nikon SMZ1500) with 10× (Nikon CW10×22) and fiber optic light source (Chiu Technical Corp. Lumina 1 FO-150)
1
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Natural History, Washington, D. C. 20013-7012, USA.
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was used for card- and point-mounted specimen observation. Mylar film was
placed over the ends of the light source to reduce glare from the specimen. Scanning electron microscope (SEM) images were taken with an Amray 1810 (LaB6
source). Specimens were cleaned of external debris with bleach, following Bolte
(1996), and affixed to 12.7 × 3.2 mm aluminum SEM stubs (Leica/Cambridge)
with carbon adhesive tabs (Electron Microscopy Sciences, #77825-12). Stubmounted specimens were sputter coated using a Cressington Scientific 108
Auto with a gold-palladium mixture from at least three different angles to
ensure complete coverage (~20-30 nm coating). Wing images were prepared
using an AutoMontage image capture system (Microbiology International,
Synchroscopy). With this system, digital images were captured from a stereoscope (Leica M400) by using a JVC 3-CCD Color Video Camera (Model No. KYF55B) affixed to the microscope phototube and connected to the AutoMontage
computer system. Abbreviations used are F1-F3 (funicular segments 1, 2, or 3),
Gt/sn (gastral tergite/sternitenumber), USNM (National Museum of Natural History, Smithsonian Institution, Washington, D.C.), MSUC (Michigan State University Collection, East Lansing).
Infested puparia of Chyliza apicalis Loew (Diptera:Psilidae) were obtained
from two green ash trees (from Bicentennial Park, Livonia, MI) that had been
marked for dissection the previous summer based upon in situ parasitoid activity in 2004. In 2005, these trees were felled, sectioned, and removed to Matthaei
Botanical Garden (University of Michigan) in Ann Arbor, MI. An onsite workshop was made available for the authors to completely strip bark from both
trees, during which all potential host material was set aside separately in
gelatin capsules for emergence of parasitoids. Most materials obtained consisted of dipteran puparia (primarily Chyliza apicalis Loew (1860) (Diptera:
Psilidae)), emerald ash borer (Agrilus planipennis Fairmaire (Coleoptera:
Buprestidae)), larvae/pupae, parasitoid pupae, occasional pompilid pupation
chambers, scolytine pupae, etc. This material is currently being identified for
use in another manuscript.
Pediobius chylizae Gates and Schauff, new species (Figs. 1-10)
Diagnosis. This species is most likely confused with the Nearctic species
Pediobius disparis Peck. P. chylizae is differentiated from the latter by the glabrous upper frons (lightly reticulate in P. disparis), and the presence of three
funiculars in males (four found in P. disparis). See Discussion.
Female holotype. Body length 1.85 mm. Color: black except as follows:
extreme apices of tibiae and pretarsi brown; basal three tarsomeres yellowish
brown; posterior half middle and lateral lobes mesoscutum, apical rim scutellum, propodeum, anterior third Gt1 black with metallic greenish yellow reflections; flagellum, coxae, femur, tibia black with metallic greenish blue reflections; frons and vertex black with metallic purple reflections. Sculpture: face glabrous, scrobes indistinctly imbricate dorsad toruli, supraclypeal area faintly reticulate, genae glabrous. Pronotum reticulate on anterior two-thirds, apical third
glabrous (Fig. 5); mesoscutum indistinctly imbricate anteriorly and laterally,
smoother medially, prepectus reticulate, dorsal and posterior margins glabrous;
mesepisternum glabrous, femoral depression reticulate but fading
posteroventrally; mesepimeron glabrous with some finely imbricate-striate sculpturing; propodeum glabrous, paired median carinae divergent on apical half; incomplete (Fig. 6), irregular costulae extending from middle of median carinae
toward posterolateral process, costulae convergent with plicae at base of process;
irregular fine carinae extending from costulae; [prosternum diamond-shaped, finely
reticulate]; procoxa convex anteriorly (Fig. 4), imbricate anteriorly and laterally,
with a few sparse, subdecumbent setae along anterolateral surface; mesepisternum
glabrous in ventral view, median groove extending length, with three pairs of
setae; scutellum glabrous dorsally, indistinct reticulation becoming visible at
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Figures 1-8. Pediobius chylizae, n. sp.: 1-2, lateral gaster, male (1), female (2). 3,
ventral petiole, male. 4, ventral mesosoma, female. 5-6, lateral, dorsal mesosoma,
female. 7-8, antenna, female (7), male (8).
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Figures 9-10. Pediobius chylizae, n. sp.: 9, forewing, female. 10, head, female.

lateral and apical margins; meso- and metacoxae glabrous, with fine imbricate
sculpturing. Head: 1.45× as high as broad, eye height 3.57× malar space;
malar sulcus represented as line of fine sculpture; eye sparsely setose; scrobal
depression shallow, scrobes meeting separately at frontal suture (Fig. 10); clypeal
apex straight with shallow groove between anterior tentorial pits; relative lengths
of lateral ocellus: ocellocular distance: postocellar distance 4:6:10. Antenna: scape
not reaching midocellus; relative lengths of scape (minus radicle): pedicel: anellus:
F1: F2: F3: club 18:7:1:6:6:5:10; flagellomeres globular, subequal in breadth
(Fig. 7), clava symmetrical apically. Mesosoma: pronotum with six setae along
carina on apical third (Figs. 5, 6); mesoscutum with two pairs of setae, scutellum with one pair apicolateral setae; prepectus triangular, > 2.0× size of tegula,
surface sculpture similar to femoral depression; propodeal spiracle circular and
positioned ~3.0× diameter from dorsellum; callus with 2 erect setae; relative
lengths of marginal vein: postmarginal vein: stigmal vein 43:5:6; basal setal
line consisting of three setae; cubital setal line absent on basal third; costal cell
asetose (Fig. 9). Metasoma: Petiole cylindrical, reticulate, length and width
subequal, anterior edge carinate (Fig. 2). Gaster subequal in length with
mesosoma, Gt1 glabrous with few macrosetae laterally, lineolate on ventral
half, covering more than half length of gaster; Gt2-6 with few scattered setae
dorsally and laterally, Gs1 with transverse crest anteromedially, reticulate posteriad (Fig. 2). Gastral apex not acuminate. Ovipositor sheaths not exerted.
Male. Body length 1.15 mm. Similar to female in coloration and structure except as follows: flagellar setation more erect (Fig. 8); scape with ventral
plaque indistinct; petiole 1.1× longer than broad; first gastral tergite covering
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nearly entire length of gaster (Fig. 1), first gastral sternite with transverse
carinae slightly less produced, distinctly imbricate posteriorly (Fig. 3); gaster
lacking acuminate terminal segments.
Etymology. Named for the genus of rust fly from which it was reared.
Type Material. USA: Michigan: Washtenaw Co.: Matthaei Botanical
Garden, U. of Michigan, 42°17.49N 83°39.49W, 3.ii.05, M. Gates, M. Metz; on
Fraxinus pennsylvanica Marsh infested by A. planipennis; Ex C. apicalis puparia in bark cracks (Holotype f USNM). Forty-six paratypes, 38ff, 8mm, same
data as holotype (19ff, 4mm USNM; 19ff, 4mm MSUC). Wayne Co.: Livonia,
Bicentennial Park, SW central section, 5.II.2005, 42°25.77N 83°23.71W, L.
Bauer, M. Gates, G. Gibson, H. Liu, M. Metz coll.; On F. pennsylvanica infested
by A. planipennis; Ex C. apicalis. Fifty-one paratypes, 42ff, 9mm (21ff, 5mm
USNM; 21ff, 4mm MSUC).
DISCUSSION
Pediobius chylizae is recognized by the glabrous upper frons, three
funiculars in male, and medially glabrous scutellum. This species keys to couplet 7 in Peck’s (1985) key to Nearctic species with P. disparis Peck, but P.
chylizae has the upper frons glabrous, not lightly reticulate, and the male possesses three funiculars rather than four. Additionally, P. disparis attacks only
egg masses of Lymantria dispar (L.) (Lepidoptera: Lymantriidae). When keyed
in Boucek (1965), this species runs to P. italicus Boucek and P. saulius Walker,
neither of which possesses a medially glabrous scutellum (coarsely or longitudinally striate). In Hansson (2002), P. chylizae runs to couplet 7 but has an
angulate dorsellum (Fig. 6) as opposed to evenly rounded or tridentate. If one
presumed to treat an angulate dorsellum as simply a state subsumed by the
rounded condition, then this species runs to P. furvus (Gahan). However, P.
furvus possesses both propodeal setae between the spiracular sulcus and plica
and >2 setae on the callus. P. chylizae lacks propodeal setation and has two
setae on the callus.
In 2003, P. chylizae adults emerged in the laboratory petri dishes with
emerald ash borer eggs that were collected on flakes of ash bark. Initially
suspected to parasitize EAB eggs, our dissections of infested ash trees in 2005
revealed the true host association for this species.
Variation. Little significant variation is apparent in the series of specimens examined. They are uniform in size and sculpturing, likely due to their
gregarious biology and the sibling relationships among emergent P. chylizae.
Coloration varies slightly, often with metallic greenish coloration on the
mesoscutum supplanted by black. Those structures that are metallic may vary
from yellowish green to greenish blue. The basal setal line may be represented
by between 1-3 setae. Remnants of the cubital setal line, in the form of one or
two setae, are sometimes present posterad the basal setal line.
Distribution. Michigan, USA.
Host. This gregarious endoparasitoid that emerged from puparia of C.
apicalis, embedded in cracks or underneath bark of F. pennsylvanica. An average
of twelve (Range is 5-17) P. chylizae emerged from eight host puparia (of 12 held
for emergence) with 21% of the total emerged parasitoids male. The host range
of P. chylizae is unknown. It is possible that this species may attack other
dipterans (e.g., Otitidae, Lonchaeidae, Xylomyidae, Drosophilidae, etc.) occupying similar niches given that certain species of Pediobius are known to be polyphagous (e.g., P. pyrgo (Walker) attacks at least 19 families in 5 insect orders, P.
albipes (Provancher) attacks 7 families in 4 orders, P. foveolatus (Crawford)
attacks 7 families in 4 orders), although polyphagy is not always the case.
The biology of Nearctic Chyliza species is unknown, including that of C.
apicalis. The genus currently has 57 species, and many are bulb and stem miners

2005

THE GREAT LAKES ENTOMOLOGIST

81

(Iwasa 1989). In Europe, species of Chyliza tend to oviposit in existing wounds,
causing phloem necrosis, such as reported for C. annulipes Macquart in pines
(Pinus spp.) (Lyneborg 1987) and C. leptogaster (Panzer) in various trees and
shrubs (Dengler 1997). The latter species is a potential biological control agent
for French broom, Genista monspessulana, an invasive leguminous shrub in California, Oregon, and Australia (California Invasive Plant Council 2002). C.
leptogaster larvae apparently kill host plants by tunneling under the bark and
girdling branches or producing cambial necroses (Sheppard 2000).
In Michigan, adults of C. apicalis and P. chylizae are routinely reared from
ash logs heavily infested with emerald ash borer (Liu and Bauer, personal communication). Unfortunately, specific information on numbers of each emerged
during bulk rearing was not recorded. Based on field observations and laboratory dissections of infested ash trees, C. apicalis is generally believed to be
saprophytic, feeding on fungi, frass, or other debris in the cambial layer just
preceding or following tree death. We suggest further study to clarify the role of
C. apicalis as a possible co-factor in postmortem ash deterioration following
emerald ash borer attack in North America.
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ABUNDANCE OF COCCINELLIDS AND THEIR POTENTIAL PREY IN
FIELD-CROP AND GRASS HABITATS IN EASTERN SOUTH DAKOTA
Louis S. Hesler1,2, Robert W. Kieckhefer1, and Michael M. Ellsbury1

ABSTRACT
A rich fauna of coccinellids occurs in eastern South Dakota, but the abundance of some species has declined in association with the establishment of an
exotic lady beetle, Coccinella septempunctata (L.) (Coleoptera: Coccinellidae), in
the mid-1980s. In this study, coccinellids were sampled within field-crop and
grass habitats in eastern South Dakota from 1990 to 1995 to survey for various
coccinellid species and to determine any effects of habitat management on abundance. Field crops (maize, wheat-alfalfa intercrop, and alfalfa) were subjected
to high, intermediate, or low crop-management intensity (CMI), and grass habitats were managed for stands of warm season, cool season, or mixed species. A
total of 1,306 adult and 155 larval coccinellids were collected. Four native
species (Coleomegilla maculate (DeGeer), Hippodamia convergens GuerinMeneville, Hippodamia parenthesis (Say), and Hippodamia tredecimpunctata
tibialis (Say)) and C. septempunctata comprised over 96 percent of all coccinellids
collected. Of declining species, four Coccinella transversoguttata richardsoni Brown
were collected from alfalfa, but Coccinella novemnotata Herbst and Adalia
bipunctata (L.) were not found during the study. Coccinellid abundance was
seldom affected by CMI. Coccinellids were more abundant in wheat-alfalfa in
1995 under high than low CMI. Coccinellid abundance in maize and alfalfa did
not differ with CMI. A prey species, Empoasca fabae (Harris) (Heteroptera:
Auchenorryncha: Cicadellidae), was more abundant in alfalfa in 1995 under
high and intermediate than under low CMI. Coccinellid abundance was not
correlated with that of E. fabae in 1995, and showed inconsistent association
with E. fabae during the study. In grass, adult coccinellids (total across species),
adult H. tredecimpunctata tibialis, and aphids were more abundant in warmseason grasses than in cool-season or mixed grass stands in one of three years.
Our results provide further evidence that C. septempunctata has become relatively abundant in eastern South Dakota, whereas C. transversoguttata
richardsoni, C. novemnotata, and A. bipunctata have become rare or absent.
____________________
A rich fauna of coccinellids inhabit and reproduce within field habitats in
eastern South Dakota (Elliott and Kieckhefer 1990a, 1990b, Royer and
Walgenbach 1991, Kieckhefer et al. 1992, Elliott et al. 1996). However, recent
population declines in two native species of coccinellids (Coleoptera), Coccinella
transversoguttata richardsoni Brown and Adalia bipunctata (L.) have been associated with the establishment of an exotic species, Coccinella septempunctata
(L.), in the late 1980s in eastern South Dakota (Elliott et al. 1996). These two
coccinellids and a third native species, Coccinella novemnotata Herbst, were not
collected from fields of intercropped wheat and alfalfa in eastern South Dakota
in the early 1990s (Hesler et al. 2000), providing further evidence that these
previously common coccinellids (Kirk and Balsbaugh Jr. 1975) are in decline in
eastern South Dakota. The results from South Dakota parallel trends in the
declining abundances of C. novemnotata in eastern North America (Wheeler and
Hoebeke 1995) and C. transversoguttata richardsoni in central Canada (Turnock
et al. 2003).
1
North Central Agricultural Research Laboratory, USDA-ARS, 2923 Medary Ave.,
Brookings, SD 57006-9401.
2
Corresponding author: (email: lhesler@ngirl.ars.usda.gov).
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Wheeler Jr. and Hoebeke (1995) and Ellis et al. (1999) have called for
North American entomologists to monitor populations of coccinellids, and to
thoroughly document the results of monitoring efforts in order to assess the
status of indigenous coccinellids. We have been involved in projects to monitor
coccinellids in eastern South Dakota (Hesler et al. 2000), and our monitoring
efforts include two further years of sampling in intercropped wheat-alfalfa and
additional sampling in maize, alfalfa, and grasses. These samples provide
further information on the status of indigenous coccinellids and the effects of
habitat management on coccinellid communities. In this paper, we report the
results from additional sampling of coccinellids and their potential prey from
field-plot habitats in eastern South Dakota.
MATERIALS AND METHODS
Sampling was conducted from 1990 through 1995 in field-crop or grass
habitats at the Eastern South Dakota Soil and Water Research Farm, located
about 1.5 mi N of Brookings, South Dakota, USA. Insects were sampled from
one to eight times per crop or grass per year from late May to early September
(Table 1).
Field plots. Field plots were established in 1990 and arranged according
to a split-plot design. Main plots (91.5 × 30.5 m) consisted of continuous maize
(i.e., planted and harvested annually), a four-year rotational series of field crops
(maize, soybeans, intercropped wheat-alfalfa, and alfalfa) that were grown in
sequence with each crop present each year, and perennial grasses (cool season
grasses: intermediate wheatgrass, Elytrigia intermedia; orchardgrass, Dactylis
glomerata; and creeping foxtail, Alopecurus arundinaceus; warm season grasses:
big bluestem, Andropogon gerardii, and switchgrass Panicum virgatum; or a
mixture of these cool and warm season grasses; Johnson and Larson 1999).
Main plots were arranged as a randomized complete block, and each main plot
was split into three, 30.5 × 30.5-m subplots. For continuous maize and sequential field crops, each subplot was randomly assigned one of three different intensity levels (i.e., high, intermediate and low) of crop-management intensity (CMI).
For perennial grasses, subplots were randomly assigned one of three grass types:
cool season, warm season, or a mixture of cool and warm season grasses. Perennial grasses were perpetuated within the same plots during the six years of
study. Each CMI level or grass treatment was replicated three times.
Details on planting dates and agrichemical use in each crop or grass type
are given in the Appendix. Briefly, CMI levels of field crops differed in amounts
and placement of agrichemical inputs and in intensity of tillage operations.
Agrichemicals were generally applied to high- and intermediate-intensity treatments, and applications were made before 15 June. High intensity plots were
characterized by soil test-based rates of N-fertilizer application designed to
achieve high yield goals, specifically 8.15 and 3.0 Mg ha-1 in maize and wheat,
respectively, and by pre- and post-emergent herbicides broadcast over plots at
labeled rates. Tillage in high CMI plots consisted of fall moldboard plowing,
spring disking, and two field cultivations of corn in late spring.
Intermediate CMI plots used half the rate of fertilizer applied to high CMI
plots. Herbicides were broadcast in spring wheat-alfalfa plots and banded
along rows of corn and soybean crops, and no insecticides were applied. Intermediate CMI plots received fall moldboard plowing in odd-numbered years and fall
chisel plowing in even-numbered years, and spring disking and two field cultivations of corn each year.
Low CMI plots usually received no agrichemicals, and were hand-weeded.
They received fall chisel plowing, and maize plots also received spring disking
and two field cultivations annually.
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Table 1. Dates of insect sampling within field crops and grasses, Eastern South
Dakota Soil and Water Research Farm, Brookings, SD, 1990-1995.
Crop

Year

Sampling dates

Maize

1990

2 Aug., 8 Aug., 16 Aug.

Wheat – alfalfa intercrop

1994
1995

28 Jun.
16 Jun., 28 Jun., 25 Jul.

Alfalfa

1991
1992
1993
1994
1995

10
28
11
26
12

Grass

1991

13 Jun., 20 Jun., 27 Jun., 15 Jul., 23 Jul.,
31 Jul., 15 Aug., 21Aug.
4 Aug., 14 Aug.
2 Jun., 16 Aug., 8 Sep.
11 Jul.

1993
1994
1995

Jun., 5 Jul., 31 Jul., 15 Aug., 21 Aug.
May, 2 Jun., 22 Jun., 8 Jul., 20 Jul., 4 Sep.
Jun., 19 Jul., 26 Jul., 23 Aug., 10 Sep.
May, 2 Jun., 12 Jul., 15 Aug., 7 Sep.
Jun., 12 Jul.

Insect and plant samples. Sampling of coccinellids and their potential
prey occurred in maize, intercropped wheat-alfalfa, alfalfa, and perennial grasses.
Maize was sampled only in 1990, because in subsequent years the plots were
used for research on corn rootworms, Diabrotica spp. (Coleoptera: Chrysomelidae),
which imposed additional, confounding treatments. The wheat-alfalfa intercrop was sampled from 1990 through 1995. Results from 1990-1993 have been
published (Hesler et al. 2000), and additional sampling from 1994 and 1995 is
described in this paper. Alfalfa and perennial grasses were sampled for insects
one year after they were planted. In 1991, grass habitats, particularly warmseason plots, became heavily infested with weeds (Convolvulus arvensis L., Setaria spp., and Ambrosia sp.). Because of this, all grass plots were burned and
re-planted in spring 1992. Soybean, a major field crop in the region, lacked
significant insect pests and associated natural enemies, such as coccinellids,
until recent establishment of Aphis glycines Matsumura (Hemiptera: Aphididae)
(Wright and DeVries 2000, Catangui 2002). Therefore, sampling of this crop
was omitted.
Insect sampling occurred midday between 0945 and 1515 hours, with
temperatures between 20 and 33 oC with calm to light winds. In maize, sampling occurred from late whorl to blister stage, and coccinellids were sampled by
searching two rows (roughly 40 row-m) for about 20 minutes per plot. Coccinellids
were identified and tallied within maize plots. In other habitats, coccinellids
were sampled by taking 60 pendular sweeps with a 38-cm diam. sweep net
along two transects in each plot (30 sweeps per transect). Insects collected along
each transect were treated with chloroform in the net, transferred to containers,
and taken to the laboratory for identification and counting. Coccinellid adults
were identified to species, and larvae were identified to genus or species.
In addition to coccinellids, phytophagous insects that could serve as potential prey for coccinellids were counted or their abundance was estimated
within sweepnet samples. In alfalfa, counts were made of potato leafhopper,
Empoasca fabae (Harris) (Heteroptera: Auchenorryncha: Cicadellidae). The number of aphids (mainly Acyrthosiphon pisum (Harris) (Hemiptera:Aphididae))
per 60-sweep subsample was estimated as a necessity to reduce sampling time.
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In wheat-alfalfa, the number of cereal-aphid (Hemiptera: Aphididae) infested
tillers out of 15 tillers per plot (five randomly selected groups of three consecutive tillers) was recorded on the same dates that sweepnetting occurred. In
grass, the number of Lepidoptera larvae per 60-sweep sample was counted in
1991, and the number of aphids per sample was estimated.
Plant growth was measured in alfalfa plots on each date that insects were
sampled in plots. Measurements were made at three locations systematically
chosen to be near each end and the center of sweepnet transects. Maximum
height (cm) and canopy coverage of alfalfa, grassy weeds, and broadleaf weeds
was measured at three arbitrarily selected sites within each plot. Canopy
coverage was scored within a 20 × 50 cm quadrat using the following scale: 0 =
0-5%, 1 = 5-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-95%, and 5 = greater than 95%
coverage (Daubenmire 1959, Elliott and Michels Jr. 1997).
Statistical Analyses. Statistical analyses were used to detect any effect
of sampling date or treatment (crop-management intensity or grass type) on
insect abundance. A separate analysis was performed for each habitat each
year, as timing of sampling dates differed among habitats and years (Table 1).
Data from each crop were analyzed as a randomized complete block design.
Data were subjected to a repeated measures analysis (PROC MIXED, Littell et
al. 1996), with treatment and sampling date as non-random independent variables. A spatial covariance model was used in analyses, because sampling
dates were unequally spaced. Treatment means were separated by using the
LSMEANS option (Littell et al. 1996). Analyses were limited to taxa whose
means were > 0.2 individuals (per life stage) per sample across all sampling
dates and treatments within a year. Pearson’s correlation coefficients were
calculated for abundances of predatory and phytophagous taxa for alfalfa and
wheat-alfalfa within each year (PROC CORR, SAS Institute 1988). The level of
significance was set at α = 0.05 for all statistical tests.
RESULTS
General trends. A total of 1,306 adult coccinellids (Table 2) and 155 larval
coccinellids were collected (Table 3). More adults than larvae were collected in
all habitats. Four native species [Coleomegilla maculata (DeGeer), Hippodamia
convergens Guerin-Meneville, Hippodamia parenthesis (Say), and Hippodamia
tredecimpunctata tibialis (Say)] and C. septempunctata collectively comprised
over 96 percent of all coccinellids collected. Adults of H. convergens and H.
parenthesis were relatively abundant in alfalfa, and H. convergens was the most
abundant coccinellid in warm season grasses. Adults and larvae of C. maculata
and C. septempunctata were often relatively abundant in intercropped wheatalfalfa, and C. maculata was the most abundant coccinellid in maize. An additional six native species — C. transversoguttata richardsoni, Cycloneda munda
(Say), Hyperaspis undulata (Say), Brachiacantha ursina (F.), and Psyllobora
vigintimaculata (Say) — were collected occasionally from various habitats, but
only as adults. We also collected 11,107 E. fabae in alfalfa, and over 100,000
aphids from alfalfa, intercropped wheat-alfalfa, and grasses.
Repeated Measures Analyses. Sampling date often affected abundance of
various taxa. This was expected, as the taxa (in their different life stages) vary in
abundance throughout the season in field habitats (Kieckhefer and Miller 1967,
Elliott and Kieckhefer 1990a, Elliott et al. 1991). However, we were interested
primarily in treatment effects (i.e., crop-management intensity or grass type) on
insect abundance, and the results that follow are restricted to instances in which
CMI or grass type affected the abundance of coccinellids and their prey.
Alfalfa. CMI did not affect the abundance of coccinellids or aphids. Abundance of E. fabae in 1995 varied by CMI (F = 9.24; df = 2, 4; P = 0.032) and
sampling date (F = 397.4; df = 1, 6; P < 0.001), but interaction between these

8
8
8
2
3
1

1990
1994
1995
1991
1992
1993
1994
1995
1991
1991
1991
1993
1994
1995

Maize
Wheat-alfalfa

16
1
52
0
4
0

2
1
6
44
135
6
36
3
2
1
4
0
4
0

0
0
1
103
43
11
150
43
2
4
20
0
2
0

7
1
18
64
7
106
12
5
2
1
1
0
0
0

39
0
24
57
25
2
18
23
1
0
10
1
0
0

3
0
1
60
11
18
45
13
0
0
0
0
0
0

0
0
0
2
1
1
0
0

0
0
0
0
0
0

0
0
0
10
7
1
2
0

1
Number of sampling dates per year. For each sampling date: maize, three, 20 min. searches per sampling date; other habitats, three
sets of 60 sweeps per sampling date. Other coccinellids collected included Brachiacantha ursina (alfalfa: 1 and 2 adults, 1991 and 1992,
respectively; cool season grass: 1 adult, 1991), Hyperaspis undulata (alfalfa: 1 adult, 1995), and Psyllobora vigintimaculata (alfalfa: 2
adults, 1991, and 1 adult, 1992).

Grass
Cool season
Mixed
Warm season
All grasses

Alfalfa

3
1
3
5
6
5
5
2

Year

Habitat

Hippodamia
Coccinella
n1 Hippodamia Hippodamia tredecimpunctata Coleomegilla Coccinella transversoguttata Cycloneda
convergens parenthesis
tibialis
maculata septempunctata richardsoni
munda

Table 2. Number of adult coccinellids collected from various field-plot habitats in eastern South Dakota.
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8
8
8
2
3
1

1991
1991
1991
1993
1994
1995

0
0
0
0
0
0

1
0
3
1
1
0
4
0
1
0
1
0
0
0

0
0
0
26
13
8
15
0

Hippodamia
parenthesis

2
2
2
0
0
0

0
0
0
9
3
1
2
0

Hippodamia
tredecimpunctata
tibialis

1
0
1
0
0
0

14
0
4
14
1
1
3
0

Coleomegilla
maculata

0
0
0
0
0
0

0
0
0
4
0
0
17
0

Coccinella
spp.

1
Number of sampling dates per year. For each sampling date: maize, three, 20 min. searches per sampling date; other habitats, three
sets of 60 sweeps per sampling date.

Grass
Cool season
Mixed
Warm season
All grasses

Alfalfa

3
1
3
5
6
5
5
2

1990
1994
1995
1991
1992
1993
1994
1995

Maize
Wheat-alfalfa

n1

Year

Habitat

Hippodamia
convergens

Table 3. Number of larval coccinellids collected from various field-plot habitats in eastern South Dakota.
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two factors was not significant (F = 0.30; df = 2, 6; P > 0.05). Means (± SE per
60 sweeps) for high (38.0 ± 11.0) and intermediate CMI (39.0 ± 10.8) did not
differ, but were greater than that of low_ CMI (27.8 ± 10.1). Populations of E.
fabae were much greater
_ on July 12 (x ± SE = 58.3 ± 2.7 per 60 sweeps per
plot) than on June 12 (x ± SE = 11.6 ± 1.8 per 60 sweeps per plot). The heights
and canopy coverage of alfalfa, grassy weeds, and broadleafed weeds did not
vary with CMI.
Coccinellids varied in their association with aphids and E. fabae in alfalfa
during the study, as indicated by correlation analysis (Table 4). Coccinellid
abundance was correlated with aphid abundance in alfalfa in 1993 and 1994,
but not in other years. Coccinellid abundance was correlated with E. fabae
abundance in 1993, but negatively correlated in 1992 and 1995.
Wheat-Alfalfa Intercrop. Coccinellid abundance did not vary with CMI in
1994, but, in 1995, abundance of adult coccinellids varied with CMI (F = 7.59;
df = 2, 4; P = 0.044), sampling date (F = 18.62; df = 2, 12; P < 0.001), and their
interaction (F = 5.06; df = 4, 12; P = 0.013). This was manifested
as a greater
_
abundance of adult coccinellids in high CMI plots on June 28 (x ± SE = 7.0_ ± 1.5
per 60 sweeps per plot) than on other CMI-sampling date combinations (x ± 2.3
per 60 sweep per plot). The pattern of coccinellid abundance in 1995 was driven
largely by that of adult Coleomegilla maculata, which varied by CMI (F = 9.10;
df = 2, 4; P = 0.033), sampling date (F = 13.14; df = 2, 12; P < 0.001), and their
interaction (F = 7.03; df = 4, 12; _P = 0.004). Adult C. maculata were also greater
in high CMI plots on June 28 (x ± SE
_ = 5.7 ± 1.7 per 60 sweeps) than in other
CMI-sampling date combinations (x ≤ 0.7 per 60 sweeps). The percentage of
aphid-infested tillers did not vary with CMI in 1994 and 1995, and coccinellid
abundance was not correlated with aphid levels.
Maize. Abundance of coccinellids in maize did not vary with crop-management intensity or sampling date in 1990.
Grass habitats. Grass treatment, sampling date, and their interaction
affected abundances of total adult coccinellids, adult H. tredecimpunctata tibialis, and aphids in 1991 (Table 5), but insects occurred in low numbers in
subsequent years and grass treatment was not significant (P < 0.05). In 1991,
adult lady beetles (especially H. tredecimpunctata tibialis) were more abundant in warm-season grass on the last two sampling dates (Fig. 1). Aphids
also were generally more abundant in warm-season grass than in cool-season
or mixed plots in 1991 (Fig. 1). Total adult coccinellids (r = 0.64), adult H.
tredecimpunctata tibialis (r = 0.62), and adult H. convergens (r = 0.56) were correlated with aphid abundance in perennial grass in 1991. The abundances of
total adult coccinellids and adult H. convergens were correlated (each r = 0.55)
with the abundance of larval lepidopterans (Fig. 1), which was not affected by
grass treatment (Table 5).
DISCUSSION
The preponderance of adult coccinellids in our samples was expected, because sweepnet sampling was used in all habitats except maize, and this method
is more efficient in sampling adult than larval coccinellids (Elliott et al. 1991,
Elliott and Michels Jr. 1997). Among adult coccinellids, the collection of three
previously common, but declining coccinellid species (A. bipunctata, C.
transversoguttata richardsoni richardsoni, and C. novemnotata) was limited to
four C. transversoguttata richardsoni richardsoni. These four individuals were
collected from alfalfa on different dates over three years (10 June and 21 August,
1991, each in intermediate CMI plots; 2 June 1992, and 19 July 1993, each low
CMI), and these samples were associated with plots containing between 25 and
257 aphids per 60-sweep sample. No other parameters measured (e.g., crop or
weed height) were common to the samples. The location of our study plots near
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Table 4. Pearson correlation coefficients, r, between adult coccinellids and prey in
alfalfa.
Prey
Aphids
Empoasca fabae

1991
(df = 45)

1992
(df = 54)

1993
(df = 45)

1994
(df = 45)

1995
(df = 18)

0.18
0.24

0.11
-0.30*

0.67*
0.69*

0.57*
0.12

0.09
-0.78*

Correlation coefficients followed by the symbol * are significant, P < 0.05.

Table 5. F values of repeated measures analyses in which grass treatment was
significant for various insect taxa in grass habitats, 1991.

Taxon

Life stage(s)

Aphids
adult + nymph
Lepidoptera
larvae
Coccinellids
adult
Hippodamia
tredecimpunctata
tibialis
adult

Grass
type
(GT)
df = 2, 4

Sampling
date
(SD)
df = 7, 42

GT
X
SD
df = 14, 42

17.02*
3.60
11.70*

5.04*
3.92*
9.61*

4.07*
2.33*
3.93*

13.02*

14.77*

4.96*

F values followed by the symbol * are significant, P < 0.05.

Brookings is roughly the midpoint to three other locations in eastern South
Dakota where C. transversoguttata richardsoni were sampled from 1973 to 1985
and 1988 to 1992 by Elliott et al. (1996), who found that abundance of C.
transversoguttata richardsoni was reduced 20 to 32 times after C. septempunctata
had established in the area in the late 1980s. In general, our results corroborate
the decline in C. transversoguttata richardsoni noted by Elliott et al. (1996), and
they parallel the decline in abundance of C. transversoguttata richardsoni in
central Canada (Turnock et al. 2003).
Adult C. novemnotata were also absent from our samples. Surveys by
Kieckhefer et al. (1992) found low numbers of this species and only from margins of field-crop habitats in eastern South Dakota. Our results provide further
evidence that C. novemnotata populations have declined greatly in eastern South
Dakota and also correspond with declines in C. novemnotata in other regions of
North America (Wheeler Jr. and Hoebeke 1995).
It is possible that larvae of C. transversoguttata richardsoni and C.
novemnotata were collected, but we were not able to identify species of Coccinella
larvae, as a species-level key for distinguishing among the larvae of North American Coccinella has not been published. However, given low numbers of adult C.
transversoguttata richardsoni and the absence of adult C. novemnotata, it is
unlikely that their larvae were collected. A key to distinguish larvae of Coccinella
species, reference specimens, or perhaps both are needed to quantify accurately
the abundance of C. novemnotata and C. transversoguttata richardsoni in future
monitoring efforts.
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Figure 1. Abundance of aphids, Lepidoptera larvae, and adult coccinellids in
perennial grasses, 1991.
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Adult A. bipunctata, another species whose abundance has declined in
association with establishment of C. septempunctata (Elliott et al. 1996), was
absent from our samples. Elliott et al. (1996) collected A. bipunctata in eastern
South Dakota from fields of maize, but did not find it in fields of small grains or
alfalfa. The absence of A. bipunctata in our study may have been due to a single
year of sampling in maize and to the infrequent occurrence of this species in
other field habitats in this region.
The influence of CMI on insect abundance was limited in our study. One
instance involved an herbivore, E. fabae, which was more abundant in high and
intermediate CMI plots than in low CMI plots in 1995. It is unclear why E.
fabae were more abundant in high and intermediate CMI plots. For instance,
vegetation factors that were measured (e.g., crop and weed heights, canopy coverage) did not vary with CMI. Coccinellids prey on E. fabae (Wheeler Jr. 1977),
but coccinellid abundance was negatively correlated with that of E. fabae in
1995 and showed inconsistent association with E. fabae during the other years
of the study.
In a second instance of CMI effects, adult coccinellids, and particularly
adult C. maculata, were more abundant in high CMI plots of wheat-alfalfa on
June 28 than other CMI-sampling date combinations in 1995. These results
are generally consistent with previous results showing that higher intensity
crop management of intercropped wheat-alfalfa led to greater abundances of
coccinellids in some years (Hesler et al. 2000). However, the results contrast
with previous studies showing that predator abundance is favored by low cropmanagement intensity through lack of pesticides (Adams and Drew 1965, 1969,
Neil et al. 1997) and by provision of more sources of alternate prey and supplementary food such as weed pollen and nectar (Altieri and Whitcomb 1979).
Cereal-aphid infestation levels did not differ with CMI in our study, and other,
ephemeral food items (e.g., pollen) might have been responsible for the spike in
abundance of coccinellids, especially C. maculata,
in high CMI plots. High CMI
_
plots had more wheat heads per 0.9 m-2 (x ± SE = 37.8 ± 4.9) on 10 July than low
CMI plots (27.2 ± 1.4), but intermediate CMI plots did not differ from high or
low CMI plots in the number of heads (30.8 ± 1.7). The lack of relationship to
the number of wheat heads suggests that other, undetermined factor(s) contributed to the peak in coccinellid abundance.
Many of the same coccinellids, including C. septempunctata, found in field
crops were present in perennial grasses in our study, but species known to occur in
grass habitats were either rare (e.g., B. ursina) or absent (e.g., H. undulata) in grass
samples. The predominance of species that typically inhabit crop fields may have
been due to the proximity of field-crop plots. The lack of grassland species shows
that they did not readily colonize small patches of grass habitats that were interspersed within a mosaic of field-crop plots.
Larvae of five species (C. septempunctata, H. convergens, H.
tredecimpunctata tibialis, H. parenthesis and C. maculata) were collected from
perennial grass. Their presence indicates that perennial grass may, at least
occasionally, be an additional source of coccinellids within an agricultural landscape.
Elliott et al. (1996) noted that no information exists regarding the interactions of native coccinellids with C. septempunctata in non-agricultural landscapes of eastern South Dakota. However, predator abundance, species richness, and species diversity may increase with greater amounts of non-cultivated
lands and an increasing patchiness in the surrounding landscape (Elliott et al.
1998). Additional studies are needed to understand the role of grass tracts (e.g.,
relict prairie and land in the US Department of Agriculture’s Conservation
Reserve Program) and other non-agricultural habitats in the landscape ecology
of coccinellids, particularly native species with waning populations, in eastern
South Dakota and elsewhere.
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Ecologists have questioned the reliability of results obtained with mobile
insects (e.g., adult coccinellids) from relatively small, field-research plots, and have
also questioned the applicability of such results to larger field or landscape spatial
scales (Levin 1992, May 1994). Our study design should have minimized these
concerns for the following reasons. First, we sampled plots at frequencies ≥ 5 days,
which enabled mobile insects ample time for redistribution and further colonization within plots. Second, collection methods such as sweepnetting are efficient and
recommended for sampling coccinellids and mobile prey insects (e.g., leafhoppers)
(Pruess et al. 1977, Elliott et al. 1991, Elliott and Michels 1997). The coccinellids
and associated herbivores that we collected are representative of those found in
agroecosystems in eastern South Dakota (Elliott and Kieckhefer 1990a, 1990b,
Royer and Walgenbach 1991, Kieckhefer et al. 1992). Moreover, the size of individual, replicate field-plots in our study (900 m2) are considered relatively large in
agroecology research (Bommarco and Banks 2003), and their size increases the
probability that results are directly applicable to larger spatial scales. However, as
mentioned above, our collections may have underrepresented grassland fauna, and
this underscores the need for more studies to increase our understanding of the
roles of grasslands and other non-agricultural habitats in the ecology of coccinellids
and their prey (Elliott et al. 1998, Thies and Tscharntke 1999).
Since the completion of this study, another exotic, generalist coccinellid,
Harmonia axyridis Pallas has recently established in eastern South Dakota
(Hesler et al. 2001) and other areas of North America (Koch 2003). Its actual or
potential impact on native coccinellids (Cottrell and Yeargan 1998, Michaud
2002, Cottrell 2005) should add impetus to further research.
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APPENDIX
Maize. High- and intermediate-intensity management plots of maize,
respectively, received 112 and 53 kg ha-1 of 13-33-13 (N-P-K) starter fertilizer
each year. These plots also received preemergence applications of herbicides
alachlor (4.5 kg ha-1) and cyanazine (1.1 kg ha-1), and postmergence application
of either bentazon (1.1 kg ha-1; 1990 and 1993) or bromoxynil (0.6 kg ha-1; 1991
and 1992). Low intensity plots received application of bentazon (1.1 kg ha-1) in
1993. High intensity plots received preplant, banded applications of insecticide
terbufos (7.8 kg ha-1, 1990) or fonofos (10.0 kg ha-1, 1991-1993) for control of corn
rootworms (Diabrotica spp.).
Soybeans. High- and intermediate-intensity management plots of soybean, respectively, received 96 and 53 kg ha-1 of 13-33-13 (N-P-K) starter fertilizer in 1990, and 112 and 53 kg ha -1 of 13-33-13 (N-P-K) starter fertilizer
annually from 1991 through 1994. From 1990-1993, these plots also received
preemergence applications of herbicides alachlor (4.5 kg ha-1) and metribuzin
(0.6 kg ha-1, except 1992), and postmergence application of bentazon (1.3 kg ha-1,
except1993). Low intensity plots were also sprayed with bentazon (1.3 kg ha-1)
in 1993. In 1994, high-intensity plots received postemergence applications of
herbicides flumetsulam and metolachlor (2.9 liters ha-1 combined).
Wheat-alfalfa intercrop. Hard red spring wheat and alfalfa (‘Coyote 990,’
12 kg ha-1) were planted simultaneously in 17.6-cm rows using a 16-row John
Deere® 750 drill. ‘Guard’ spring wheat (104 kg ha-1) was planted on 26 Apr., 4
Apr., and 7 Apr. in 1990, 1991, and 1992, respectively; ‘Butte’ spring wheat (118
kg ha-1) was planted on 20 Apr., 1993. High-intensity wheat-alfalfa plots received 99, 116, 116, 103, 103, and 103 kg ha-1, respectively, of 46-0-0 (N-P-K)
starter fertilizer from 1990-1995. Intermediate-intensity wheat-alfalfa plots
received 50, 58, 58, 51, 51, and 51 kg ha-1, respectively, of 46-0-0 (N-P-K) starter
fertilizer from 1990-1995. The postemergent herbicide MCPA (0.6 kg ha-1) was
applied to high and intermediate intensity plots each year.
Alfalfa. In 1990, alfalfa (‘Coyote 990,’ 12 kg ha-1) was planted in 17.6-cm
rows using a 16-row John Deere® 750 drill. Fertilizer (kg ha-1, N-P-K) was
applied at planting in high (69, 0-45-0) and intermediate intensity plots (35, 045-0), and 0.4 kg ha -1 bromoxynil was broadcast over plots after planting. All
other alfalfa was established as an intercrop with spring wheat, and received no

96

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 1 & 2

fertilizer or herbicide after spring wheat had been harvested. Alfalfa plots
received no tillage after their establishment until all were moldboard-plowed
after final cutting and baling in early fall.
Grasses. Plots were established in 1990. Management was similar among
perennial grasses. In 1990, grass plots were sprayed after planting with herbicide 2, 4-D (2, 4-dichlorophenoxyacetic acid). In subsequent years, grass plots
were hand-weeded.
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THE CRANE-FLY TIPULA (TIPULA) OLERACEA (DIPTERA: TIPULIDAE)
REPORTED FROM MICHIGAN; A NEW PEST OF TURFGRASS IN
EASTERN NORTH AMERICA.
Jon K. Gelhaus1

The subgenus Tipula (Tipula) is an Old World group with two introduced
species in North America, the European Crane Fly, Tipula (T.) paludosa Meigen
and T. (T.) oleracea Linnaeus, sometimes called the Common Crane Fly
(Oosterbroek, 2005). Tipula paludosa is better known in North America, long
established in the Pacific Northwest (Jackson 1975) and Canadian Maritimes
provinces (Alexander 1962), more recently in California (Umble and Rao 2004,
S. Gaimari, California Dept. Food and Agriculture, pers. comm.). It is a leading
insect pest of turf grass and pastures in these areas, including infesting seedling nurseries. Tipula paludosa has the potential to affect cereal and other
crops, as it does in Europe (Anonymous 1967). More recently, T. oleracea, a
second very similar species, has been discovered in the Pacific Northwest and
California at a wide variety of localities and is considered established (Umble
and Rao 2004, S. Gaimari, CDFA, pers. comm.); it may have resided in these
areas undetected for years and been mistaken for T. paludosa. It attacks a
broad range of crops and is considered a major pest in Europe (Anonymous 1967,
Pesho et al. 1981). T. oleracea has also been recently reported as established in
Ecuador damaging broccoli seedlings (Young et al. 1999).
Tipula paludosa was discovered in Ontario in the late 1990’s and has now
been found in a wide variety of localities in southern Ontario, including Niagara
Falls (P. Charbonneau, pers. comm.; specimen confirmed by author). Turf grass
damage by larvae of T. paludosa, known as leatherjackets, has been reported
from Ontario as well (Charbonneau 2003). Gelhaus (2001) predicted that these
species would spread soon into the Northeast U.S., if not already existing there
undetected. This spread would probably be through movement of eggs, larvae or
pupae in turf and nursery soil or through the simple dispersal of adults.
A recent light trap collection from Farmington Hills, Michigan, yielded a
pair of adults of T. oleracea in copula. The collection data is as follows:
MICHIGAN: Oakland Co., Farmington Hills, margin of woods adjacent to
Franklin Hill Country Club, 42°31’04”N, 83° 19’ 54”W; 28-30 May 2005, Jason
Weintraub, collector.
The flies were attracted to mercury vapor (160 w) and ultraviolet (15W
“BL”) lights run together at a private residence along the margin of a disturbed
woods of Quercus (oak) and Carya (hickory) separating the residence from the
golf course of the country club. The male identity was ultimately confirmed by
examination of the male genitalia to distinguish from T. paludosa, and any of
the other numerous Old World species in this subgenus. The specimens are
vouchered in the entomology collection of The Academy of Natural Sciences.
Adults of both species will key to “T. paludosa ?” in Alexander (1942); T.
paludosa alone will key correctly in Alexander and Byers (1981). All species in
the subgenus can be separated by using Theowald (1984). Both introduced
species are very similar in the structure of male and female genitalia, characters used definitively in identifying crane flies. They do differ in other more
easily observed features, such as flagellomere count, distance apart of eyes, and
female wing length (Brodo 1994, LaGasse 2000). The adult stage of the two
species is similar in overall appearance to at least three species of native crane
flies which don’t appear to cause economic damage (T. cunctans Say, T. paterifera
1
Department of Entomology, The Academy of Natural Sciences, Philadelphia, PA
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Alexander, T. sayi Alexander). These native species can be common, even abundant, in habitats (lawns, wet pastures, wet lands) likely to be those inhabited
by T. oleracea and T. paludosa in the Northeast. Adults of T. oleracea fly both in
late spring and fall apparently with two generations per year; T. paludosa adults
fly only in late summer to fall, apparently with only a single generation. Similar
appearing native species can be found flying in similar times in the fall as well.
It is suggested that adults be confirmed by an expert.
Larvae of Tipula (Tipula) are morphologically distinctive from all other
known native species and can be identified using the key by Gelhaus (1986).
Microscopic hair patterns have been proposed to distinguish the larvae of T.
paludosa and T. oleracea from each other (Brindle 1959). It is not clear whether
this is reliable in North America (LaGasse, pers. comm.) The larvae of the two
species can be diagnosed using molecular markers (Rao et al. 2006).
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NON-TARGET FEEDING BY GALERUCELLA CALMARIENSIS ON
SANDBAR WILLOW (SALIX INTERIOR) IN ILLINOIS
Robert N. Wiedenmann1

Purple loosestrife, Lythrum salicaria L., is an introduced Eurasian perennial herb that has been in North America since the early 1800s (Thompson et al.
1987). Purple loosestrife has been considered a serious threat to the integrity of
North American wetlands (Thompson et al. 1987, Blossey et al. 2001a). L.
salicaria has been the target of a significant North American project using
biological control to combat it (Malecki et al. 1993, Blossey et al. 2001a). Importation biological control reunites natural enemies from the ancestral home of
the weed in the new setting. Critical to the safety of a biological control project
is the specificity of the agents to be used which determines what, if any, impact
there may be against non-target plants. Five species of host-specific herbivores
of European origin were screened for their specificity against an array of native
plants prior to their release in North America. Two of the introduced species,
Galerucella calmariensis L. and Galerucella pusilla Duft. (Coleoptera:
Chrysomelidae), have been distributed extensively and are established in many
US states and Canadian provinces (Blossey et al. 2001a).
The purpose of host-specificity tests is to prevent the introduction of herbivores that could negatively affect non-target species. Although of crucial importance, these tests will not assure the complete absence of non-target feeding
(Pemberton 2000). Prior to release, testing of the Galerucella species indicated
a strong degree of host specificity, although limited feeding was noted on several
other Lythraceae, including: Lythrum alatum Pursh, Decodon verticillatus (L.)
Ell., and Lagerstroemia indica L.; as well as: Rumex verticellata L., Gaura biennis
L., and Salix interior Rowlee (Blossey et al. 1994, Blossey and Schroeder 1995).
Of these plants on which feeding or oviposition was noted, only L. alatum supported complete development of Galerucella species.
A monitoring program was established (Blossey and Skinner 2000) to
assess changes in densities of L. salicaria after release of the agents, as well as
to document the abundance of insects and changes to wetland plant communities. At many release sites in a number of states and provinces, L. salicaria has
been shown to decline after releases of Galerucella spp. At a few of these thousands of release sites, there have been observations of feeding by Galerucella
spp. on some non-target plants: Rosa multiflora Murray, Decodon verticellatus,
Salix discolor Muhl., and Myrica pensylvanica Loisel in Rhode Island; Potentilla
anserine L., and Cornus stolonifera Michaux in Michigan; D. verticellatus in Connecticut; and R. multiflora in New Jersey (Blossey et al. 2001b). In all of those
cases, non-target feeding by Galerucella spp. was spatially isolated and ephemeral, and each was considered “spill-over”.
Since 1994, a program to use biological control against L. salicaria in
Illinois has resulted in release of over 2.7 million adult G. calmariensis L. and G.
pusilla Duft. at approximately 230 sites in northern Illinois. Beetles have established at most of those sites and large emergences of Galerucella spp., in
conjunction with almost complete defoliation of L. salicaria, have been seen at
approximately 30 of those Illinois sites. One of those sites, Powderhorn Forest
Preserve, Cook County, IL, showed significant feeding and oviposition on loosestrife in a wetland by overwintered Galerucella in late May and June 2003,
followed by even more-complete defoliation by larvae and newly emerged F1
adults in early July.
1
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While monitoring the site on 10 July 2003, large numbers of G. calmariensis
adults were observed feeding on sandbar willow, Salix interior. Feeding was
limited to plants growing along the fringe of Powderhorn Lake, approximately
50 m from the wetland at which the July emergence of Galerucella had occurred.
Identifications of the adults confirmed them to be G. calmariensis. Feeding on S.
interior was noted to be extremely patchy; a few plants were heavily fed upon
and other plants were untouched. Likewise, some plants held large numbers of
adults, other plants had zero. Numbers of beetles on the plants were not quantified at that time.
Sampling of S. interior plants was conducted on 17 July along the edge of
Powderhorn Lake, based on the distribution of S. interior. Five sample points
were randomly selected. Salix interior plants in each of the sample points were
less than 1.25 m tall. At each point, a 1-meter stick was fixed to a center point
and rotated, describing an area of 3.14 sq. m. In each of the five sample areas,
each S. interior plant was assessed and categorized as to the percentage of the
leaves that showed characteristic shot-hole feeding by adult Galerucella. Categories were: zero leaves fed on (0%); less than 25% of leaves fed on; 25 – 50% of
leaves fed on; 50 – 75% of leaves fed on; and greater than 75% of leaves fed on.
Note that these categories are not levels of defoliation – a leaf with a single shot
hole was counted as fed on, the same as if that leaf had been nearly defoliated.
Thus, the percentage of leaves fed on was greater than the percent of the plant
defoliated. Numbers of adult Galerucella beetles per 3.14 sq. m. plot were
noted.
Results are shown in Table 1. Sites contained an average of 90.4 (SD =
20.5) plants per 3.14 sq m. sample plots (= 28.8 plants per sq. m.). An average
of 66% of plants had zero feeding on them. Only 8% of plants had greater than
25% of leaves fed on, and no plants had greater than 75% of leaves that had been
fed on. Unlike the previous week, Galerucella adults were scarce, with an average of 5.8 beetles per 3.14 sq. m. plot (= 0.20 beetles per plant on average). No
Galerucella eggs or larvae were found. Larger (up to 5 m tall) S. interior plants,
adjacent to the sample plots, showed no signs of either Galerucella adults or
feeding damage, nor did S. interior plants located further (> 200 m) from the
emergence site; thus, feeding was spatially localized.

Table 1. Numbers of Salix interior plants with different categories of percentage of
leaves fed on by Galerucella calmariensis, and number of G. calmariensis found per
3.14 sq. m. plots, at Powderhorn Lake, July 2003.
Number of plants with categories of feeding
(percent leaves fed on)
SampleNumber
Numberof plants

0

< 25%

25-50%

50-75%

1
2
3
4
5

116
89
59
92
96

86
45
36
58
80

29
29
15
26
15

1
10
7
8
1

0
5
1
0
0

0
0
0
0
0

5
17
1
4
2

Means

90.4

61.0

22.8

5.4

1.2

0

5.8

* plot size was 3.14 sq. m.

> 75%

Beetles
per plot*
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The feeding damage seen on 10 July was still evident on 17 July, even
though the numbers of beetles feeding on the willow plants had dropped by
several orders of magnitude. At subsequent visits to Powderhorn Lake (2003 –
2005), we failed to find any further feeding on S. interior, nor any apparent
impact on S. interior plants; thus the feeding was temporally limited.
Although this was the first report of non-target feeding by Galerucella spp.
on S. interior in the field, the host-specificity testing of non-target plants conducted prior to release of Galerucella predicted feeding on S. interior (Blossey et
al. 1994). The pattern of feeding seen in Illinois mirrors those “spillover” occurrences seen previously for Galerucella (Blossey et al. 2001b), which were all
associated with emergence of massive numbers of new adults. At the Illinois
site, feeding on S. interior was limited to the vicinity of emergence, similar to a
report of feeding by adult G. pusilla and G. calmariensis on the non-target plant
crepe myrtle, Lagerstroemia indica, which decreased dramatically with distance
from the colonization source (Schooler et al. 2003).
Non-target impacts of herbivores used for weed biological control have
garnered a great deal of attention recently. One criticism of weed biological
control is lack of sufficient monitoring to detect (and report) such feeding on nontarget plants, when it may occur. Feeding on non-target plants needs to be
placed into an overall context of harm – comparing the degree of harm to that
from other control methods, or lack of control actions taken. When such feeding
is highly localized and very ephemeral – and was predicted 10+ years before, in
this case – this seems less an indictment of weed biological control than verification of science done well.
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GOMPHUS FRATERNUS (ODONATA: GOMPHIDAE)
A NEW MISSOURI STATE RECORD
Jane C. Walker1

ABSTRACT
A male Gomphus fraternus (Say) (Odonata: Gomphidae) was vouchered from
the Meramec River at Castlewood State Park, St. Louis, County, Missouri on 7
June 2005. The collection of this specimen is a new state record for Missouri and
represents a significant range extension south and westward for this species.
____________________
Gomphus fraternus (Say) (Odonata: Gomphidae) is a medium-sized
gomphid in the subgenus Gomphurus. A male G. fraternus was collected on a
gravel bar on the Meramec River where it flows through Castlewood State Park,
24 miles upstream of the confluence with the Mississippi River, on 7 June, 2005
(38.5434° N, 90.5390° W). It flew low at the edge of the water ahead of the
author, landing frequently.
The Meramec River is a medium-sized, undammed Ozark river with a
diverse odonate fauna, particularly rich in the family Gomphidae. We have
collected or observed 16 species of gomphids on this 212 mile river, including:
Dromogomphus spinosus Selys, D. spoliatus (Hagen), Erpetogomphus designatus
Hagen, Gomphus (Gomphurus) externus Hagen, G. graslinellus Walsh, G.
(Gomphurus) lineatifrons Calvert, G. (Gomphurus) ozarkensis Westfall, G.
quadricolor Walsh, G. (Gomphurus) vastus Walsh, G. (Gomphurus) ventricosus
Walsh, Hagenius brevistylus Selys, Ophiogomphus westfalli Cook & Daigle,
Progomphus obscurus (Rambur), Stylogomphus sigmastylus Cook & Laudermilk,
Stylurus plagiatus (Selys), and Stylurus spiniceps (Walsh). This lower section of
the Meramec River is low gradient with occasional shallow riffles alternating
with long deeper pools. Pool substrate consists of sand-silt with widely spaced
cobble; riffles are gravel-sand. Water quality is generally good, although suspended sediment is usually present after rain. Anthropogenic disturbances
within this portion of the watershed include sand and gravel dredging, a large
landfill immediately downstream, and urban development.
The Missouri collection of G. fraternus represents a major range extension
south and westward. Donnelly (2004) maps the range of this species from
northern Iowa and Illinois north into Manitoba, east through Ontario and Quebec to Maine, south to North Carolina and westward to Tennessee. Based on
the number of county records, it appears to be most abundant in northern Iowa,
Minnesota, Wisconsin, Michigan, Indiana, Ohio, and Kentucky (Donnelly 2004).
Legler, Legler and Westover 1998 (Wisconsin), Curry 2001 (Indiana), and
Glotzhober and McShaffrey 2002 (Ohio), all list G. fraternus as common. One
specimen of G. fraternus from Greene County and housed at the United States
National Museum, was misidentified and has been redetermined as G.
ozarkensis Westfall by Dr. Sidney W. Dunkle (in litt.). Review of earlier collections in Missouri (Williamson 1932; Needham and Westfall 1954) show no
records of G. fraternus. Donnelly (2004) and Dunkle (2000) also do not list
records of G. fraternus. Montgomery (1967) and Needham, Westfall, and May
(2000) do list G. fraternus as occurring in Missouri, but give no further data.
1
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