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HABITAT ASSOCIATIONS OF SYMPATRIC VIOLET-FEEDING FRITILLARIES 

(EUPTO/ETA, SPEYER/A, BOLOR/A) (LEPIDOPTERA: NYMPHALIDAEl 


IN TALLGRASS PRAIRIE 


Ann B. Swengel! 

ABSTRACT 

At 106 tallgrass prairies in the midwestern USA, 18,055 individuals of 
six fritillary species (Lepidoptera: Nymphalidae) were counted in 552.9 hr 
and 987.1 kill of transect survey effort from 14 June to 13 September during 
1988-96. The relative abundance of Euptoieta claudia, Speyena cybele, S. 
aphrodite, S. idalia, Boloria selene, and B. bellona was analyzed for signifi
cant patterns relative to five habitat factors. Topographic diversity (i.e., 
whether the site was uniform or contained both uplands and lowlands) pro
duced the most significant effects. Prairie patch size and vegetation type 
(wet, mesic, dry) also produced numerous significant patterns. When man
agement type was significant, burning alone or in combination with another 
management was associated with lower densities, non-management with in
termediate or higher densities, haying and grazing with higher densities. 
Vegetative quality (i.e., degree of floristic degradation) produced the fewest 
significant patterns. Three of four testable fritillary species significantly and 
positively correlated in abundance with one or more species of Viola (Vio
laceae) (violets). Most correlations were with particular violet species, not 
combined violet abundance, suggesting that the fritillaries segmented violet 
resources (their larval food) by species and/or habitat. The two most abun
dant violet species, V. pedata and V. pedatifida, and violets in general, oc
curred in more sites than any of the fritillary species did. The species most 
restricted to tallgrass prairie, S. idalia, was relatively denser in dry prairie 
vegetation in larger prairie patches with topographic diversity and manage
ment by haying or grazing. 

Six species of fritillary butterflies (Lepidoptera: Nymphalidae) regularly 
occur in tallgrass prairie, an ecosystem composed of native herbaceous flora 
in the midwestern United States (Curtis 1959). The variegated fritillary (Eu
ptoieta claudia Cramer) and lesser fritillaries-silver-bordered (Boloria 
selene) Denis & Schiffermiiller and meadow (B. bellona Fabricius)-have mul
tiple generations per year. Adults of the large fritillaries-great sled 
(Speyeria cybele Fabricius), aphrodite (S. aphrodite Fabricius), and r (S. 
idalia Drury)-occur in single annual generations timed broadly in mi -sum
mer. Male Speyeria adults typically emerge from one to several weeks ahead 
of the females. After possibly aestivating during midsummer, some females 
survive until late summer, when most eggs are laid. Speyeria flight graphs 
tend to be asymmetrical, with a long attenuation later in summer after peak 
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numbers. Speyeria species oveTV'linter as unfed first-instar larvae, Boloria 
species as later larval instars. E. claudia may not truly diapause, only mar
ginally resides year-round in this study's southernmost area (it cannot sur
vive freezing weather), but regularly disperses as a vagrant throughout the 
study region during the growing season, although it is highly variable annu
ally in abundance north of its residential range. Speyeria species may fly 
many kilometers (either to nectar or oviposit), but Boloria species may be 
quite local (Opler and Krizek 1984, Scott 1986, Heitzman and Heitzman 
1987; Royer 1988, Shapiro, et a1. 1990, Iftner, et a1. 1992). 

All these fritillaries feed on Viola (Violaceae) (violets) as larvae, with lar
vae of E. claudia also consuming many other unrelated plants. In laboratory 
rearing, Speyeria and Boloria larvae successfully grow on many violet 
species. The hoi arctic B. selene may also feed on other plants but this may at 
least in some instances be only an inference from oviposition locations. Ex
cept for E. claudia, which oviposits on the host, the fritillaries in this study 
lay eggs singly and haphazardly near, but seldom on, violets. The larvae typi
cally feed on leaves at night, resting off the host during the day, except for E. 
claudia, which is diurnal and also eats flowers. E. claudia and S. cybele may 
be found in almost any open area, the latter especially in moist or open 
wooded places, while S. aphrodite is more restricted to upland brush, fields, 
prairie, and oak woods. S. idalia primarily inhabits prairie, an uncanopied 
habitat of native floristic composition (Curtis 1959), especially tallgrass 
prairie, but outside the prairie region occurs in damp meadows and upland 
pastures (not necessarily of native vegetation types). Both Boloria species 
occur in open habitats, typically wet ones, B. selene usually in taller vegeta
tion and B. bellona more adapted to man-made habitats such as hayfields 
(Opler and Krizek 1984, Sedman and Hess 1985, Scott 1986, Heitzman and 
Heitzman 1987, Iftner et a1. 1992). 

This paper presents analyses of habitat factors affecting the relative 
abundance of six violet-feeding fritillary species in nine years' transect sur
veys in 106 tallgrass prairie sites. Such information is useful for understand
ing the biogeography and ecology of these species, which overlap consider
ably in space and time. S. idalia is the particular focus of this paper, as 
tallgrass prairie is the primary habitat for this fritillary species in the study 
region, while the other study species also occur in other habitats within the 
study regions as welL These results are of immediate application to the con
servation of S. idalia, which has experienced the most widespread decline 
and marked range contraction of the study species (Johnson 1986, Swengel 
1993). As Hammond and McCorkle (1984) stated, this butterfly was charac
teristic of undegraded tallgrass prairie and must have abounded in the for
merly vast prairie expanse, yet in the primary region where tallgrass prairie 
naturally occurred (central North America), S. idalia is now confined to rem
nant patches that escaped conversion to agriculture. Other fritillaries are of 
local or regional conservation interest, including S. aphrodite (Panzer et al. 
1995) and B. selene (Iftner et al. 1992). 

METHODS 

Study sites and surveys. Nearly all conserved lands, the 106 prairie 
sites in the midwestern United States (study region mapped in Swengel 
1996: Fig. 1), varied considerably in size and management (Table 1). The 
sites were grouped into three subregions: (1) Eastern Upper Midwest (north
ern Illinois, Iowa east of 94°W, southwestern Wisconsin), (2) Western Upper 
Midwest (eastern North Dakota, western Minnesota, Iowa west of 94°W), 
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~ Table 1. Characteristics of sites and surveys by type of survey (for violets or for butterflies) and by study subregion. Hours and kilome
ters were not measured for violet surveys. 

E. Upper 
Midwest 

E. Upper 
Midwest 

W. Upper 
Midwest 

Southwestern 
Missouri 

Survey type violets butterfly butterfly butterfly 

n sites 24 27 36 43 
n sites burned 15 + 3 partiala 18 + 3 partial 21 + 3 partial 4 
n sites burned and hayedb 0 0 1 + 1 partial 18 
n sites burned and mowed 0 1 partial 0 0 
n sites grazed 1 1 7 0 
n sites hayed 0 0 3 + 1 partial 20 
n sites no management 2 + 3 partial 3 + 3 partial 1 partial 0 
n sites other/unknown management 2 1 1 

n conserved sites 23 25 33 + 1 partial 43 
n units per site summed 62 104 138 111 
n unit surveys (unit x survey date) 172 1194 797 423 
maximum n unit surveys for a site 37 252 113 30 
Latitudinal range 41.88-43.55 41.88--43.55 42.58-47.20 37.02-38.55 
Longitudinal range 89.02-92.50 89.02-93.49 94.31-97.40 93.13-95.93 
Prairie size range (ha) 1-162 1-324 13-2024 5-571 
Prairie size median (ha) 18 18 130 65 
Years of surveying 1990-93 1988-96 1990-96 1992-96 
Earliest date of surveying 30 Apr 27 Jun 18Jun 14Jun 
Latest date of surveying 20 May 13 Sep 21 Aug 24Jun 
Thtal hours of surveying 206.4 231.6 114.9 
Thtal kilometers of surveying 376.3 400.8 210.0 
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a "Partial" means that only part of the site was in that kind of management; other partes) of the same site were classified with another 

kind of management. 

b A combination of management types means that both kinds of management occurred in the same places within a site durine: the 

course of the study. 
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and (3) southwestern Missouri (Table 1). Fire management occurred in rota
tion, usually with an interval of 2-5 years. Haying management occurred no 
more often than once per year, usually in a rotation of 2-3 years. Swengel 
(1996) provides more details on the burning and haying in these sites. The 
grazed site in the Eastern Upper Midwest was a tract of private farmland in 
Wisconsin; the grazed sites in the Western Upper Midwest were in the 
Sheyenne National Grassland in North Dakota, managed for both ecological 
and economic purposes. All sites could not be visited each year but most were 
visited more than once both within and among years, except the Missouri 
sites, which were visited once per year. 

My research assistant and I conducted transect butterfly surveys along 
similar routes each year (Swengel 1996). Walking at a slow pace on parallel 
routes 5-10 m apart, we counted all adult butterflies observed ahead and to 
the sides, to the limit at which an individual could be identified, possibly 
with the aid of binoculars after detection, and tracked. A new sampling unit 
was designated whenever the habitat along the route changed by manage
ment (type andior years since last treatment), vegetation type (wet, wet
mesic, mesic, dry-mesic, dry prairie), andior vegetative quality based on 
amount of brush and diversity and abundance of native and exotic flora (cat
egorized as degraded, semi-degraded, undegraded). Routes crossed rather 
than followed ecotones and management boundaries to reduce edge effects, 
and were designed to minimize number of unit changes during the survey 
while covering representative areas of the site. For each unit, temperature 
and time spent surveying were recorded, and wind speed, percent cloud 
cover, percent time sun was shining, and route distance estimated. Data 
from each unit were kept separate. The dataset spans 1988-96 but nearly all 
surveys occurred during 1990-96. Scientific and English nomenclature for 
butterfly species follows NABA (1995). 

A unit's management was classified based on the management history 
observed or evident during the study, including management combinations 
(e.g., burn+hay) as appropriate. Classifications of vegetation (which were 
consistent with Curtis 1959), management, and size of the native prairie 
patch at each site followed Iowa State Preserves Board (1981), Wendt (1984), 
The Nature Conservancy (1988, 1991), Wisconsin Chapter of The Nature 
Conservancy (1988), Toney (1993), Minnesota Department of Natural Re
sources (1995), as well as fact sheets, newsletters, brochures, and personal 
communications from the agencies that own and manage the study sites. A 
unit occurred in a "diverse" site if it contained contiguous unforested and un
cultivated habitats both wetter and drier than mesic; otherwise the site was 
rated "uniform." 

Most sites in the Eastern Upper Midwest were surveyed for violet abun
dance each year during 1990-93 (Table 1) at about peak bloom of V. pedata L. 
(bird's foot violet) and V. pedatifida G. Don (prairie violet), open-habitat 
plants presumed to be the primary larval hosts in that subregion for S. 
idalia. The relative abundance of violet plants (not flowers) in each unit was 
recorded using these categories defined according to relative arithmetic ra
tios based on orders of magnitude: superabundant (100,000), abundant 
(10,000), common (1000), uncommon (100), sparse (10), and absent (0). Vio
lets were identified to species if possible, but ones with cordate (heart
shaped) leaves were not. V. pedata, V. pedatifida, and V. sagittata Ait. (ar
rowleaf violet) were sufficiently abundant to analyze by species. The 
remainder were lumped as "other." 

Statistical analysis. Analysis was done for each species by subregion 
with ABstat 7.20 software (1994 Anderson-Bell Corp., Parker, Colorado). For 
all fritillaries except E. claudia, I included in analysis only one survey per 
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site per year during the peak time period for each species each year, if any 
surveys plausibly occurred during this peak period, a duration of 5-10 days, 
for the species that year. In the Eastern Upper Midwest, where sites were 
surveyed most often, I used a survey outside of the peak period if the total 
observed exceeded that seen during peak. For E. claudia, all surveys were 
used, as this species is multivoltine and widely mobile, so that a single nar
row peak period per year would not occur and the chance of re-counting the 
same individual in a subsequent survey at the same site is quite low. Unit 
surveys were included in analysis only if conducted when the temperature 
was ;::'20°C and maximum estimated wind $ 32 kmlhr and begun between 
0700 and 1730 hr CST inclusive. These time of day requirements are less re
strictive than in the British butterfly monitoring scheme, but my weather re
quirements are more stringent than theirs (Pollard and Yates 1993: 16). No 
one site dominated the analysis, since the site contributing the most unit 
surveys comprised about 20% or less of any subregion's sample (Table 1). 

The Mann-Whitney U test was used for univariate analysis ofthe effects 
of five habitat factors on the relative abundance (number of individuals ob
served per hour per unit survey) of each fritillary species. The habitat factors 
included both ones at the unit level (prairie vegetation type, quality, manage
ment) and at the site level (topographic diversity, prairie patch size) that are 
relevant as a context for the unit. Although management was classified at 
the unit level, only in a few cases were different units in the same site classi
fied as different management types (Table 1). Within subregion, prairie patch 
sizes were grouped into three classes (small, intermediate, large) with as 
even a distribution of the sizes as possible. Similar Mann-Whitney U tests 
were performed on violet abundance quantified with the numbers described 
above to define the ratio of the abundance categories. 

Significance was set by dividing the two-tailed p of 0.05 by either the 
number of categories in the habitat factor or the number of pair-wise com
parisons required to test all the categories in the habitat factor against each 
other, whichever number was greater and therefore lowered the p value 
more. For factors with two codes resulting in one pair-wise comparison (e.g., 
topographic diversity: either uniform or diverse), significance was set at 
p<0.025 (0.05/2), for factors with three codes resulting in three pair-wise 
comparisons (e.g., site size: small, intermediate, large), significance was set 
at p<0.0167 (0.05/3), and for factors with four codes resulting in six pair
wise comparisons (e.g., management), significance was set at p<0.0083 
(0.05/6). The Spearman rank correlation was used to test the correspondence 
of relative butterfly abundance on the peak surveys to the relative abun
dance of violets in the same unit the previous spring, with significance set at 
p<O.OL 

RESULTS 

Except for B. selene, which was seen in relatively few units, the fritillary 
study species occurred in unit surveys representing a broad range of weather 
conditions: 0-100% sunshine, 18-34° C, and wind 0-40 kmlhr. S. idalia was 
found at the lowest temperature (15.5°C). McCorkle and Hammond (1988) 
reported "normal flight activities" by S. idalia at even higher temperatures 
(41°C) than the maximum observed in this study (36°C). Again except for B. 
selene, the study species were found throughout a broad time span from 0700 
to 1730 hr CST. Two phenotypes of S. aphrodite were observed in both subre
gions (Eastern and Western Upper Midwest) where this species was found: 
the alcestis W.H. Edwards subspecies and aphrodite Fabriciuslmanitoba F. & 
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R. Chernock (eastern and western subspecies respectively, but not distin
guished in the field). These observations are more consistent with clinal in
tergradation as stated in Iftner, et al (1992) than the relatively abrupt tran
sitions suggested by Hammond (1991). Aestivation by Speyeria adults was 
not apparent except in southwestern Missouri where S. idalia was much 
scarcer and S. cybele unobserved on 12 July 1994 compared to the mid-June 
1992-96 surveys analyzed here, similar to Nagel, et al.'s (1991) observations 
in Nebraska. All the fritillaries occurred in units representing the full range 
of categories in each habitat factor. 

Geography_ Subregional concentrations varied by species (Tables 2, 3). 
The most southerly fritillary, E. claudia, was most abundant in southwestern 

Table 2. Total number of individuals observed (n) and total survey hours (hr) for each 
study species during prescribed weather conditions G::20·C and wind ~ 32 kmlhr) and 
time of day (unit sUIVey begun between 0700 and 1730 CST inclusive), by subregion. 
Only the peak surveys per site per year are included, except all surveys are included 
for E. claudia. 

Eastern Upper Western Upper Southwestern All 
Midwest Midwest Missouri Subregions 

n hr n hr n hr n hr 

Euptoieta claudia 23 191.1 99 195.3 387 101.3 509 487.7 
Speyeria cybele 91 62.8 421 97.5 58 101.3 570 261.6 
Speyeria aphrodite 1466 67.9 1330 97.5 0 2796 165.4 
Speyeria idalia 573 65.1 2984 97.5 9253 101.3 12810 263.9 
Boloria selene 0 164 31.3 0 164 31.3 
Boloria bellona 92 42.6 1114 100.9 0 1206 143.5 

Table 3. Results of Mann-Whitney U tests of butterfly abundance within each unit 
survey by subregion, with significance set at two-tailed p<0.0167 (0.05/3). Within 
species, subregions labeled with the same letter are not significantly different from 
each other, and subregions labeled with different letters are significantly different 
from each other: A no significant differences by subregion for that species, B '" sigILif
icantly low abundance level, C '" significantly intermediate abundance (significantly 
different from both B and D), D '" significantly high abundance. - means no or inade
quate sample to test. 

Euptoieta Speyeria Speyeria Speyeria Boloria Boloria 
claudia cybele aphrodite idalia selene bellona 

x individuals per hrl 
unit survey 0.70 2.32 17.70 4R33 7.88 7.69 

n unit surveys in 
analysis 2161 1027 678 1036 60 575 

Subregion 
Eastern Upper Midwest 
Western Upper Midwest 
Southwestern Missouri 

B 
C 
D 

C 
D 
B 

A 
A 

B 
C 
D 

A 
B 
D 
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Missouri and least abundant in the Eastern Upper Midwest. As temperate 
species, most of the remaining fritillaries showed a strong tendency to lower 
numbers or absence on surveys in Missouri, with only S. idalia more abun
dant there than in the Upper Midwest. All testable species were also more 
abundant in the Western Upper Midwest vs. the Eastern Upper Midwest. 
While the geographical patterns of fritillary abundance (Table 3) were consis
tent with the species' range maps (Opler and Krizek 1984), some of the sig
nificant geographical effects may relate to differences in site characteristics 
among the subregions, rather than strictly latitudinal and longitudinal range 
effects. 

Habitat factors. Of the factors tested, vegetative quality was the habi
tat factor with the fewest significant results (Tables 4, 5, 6): once in the East
ern Upper Midwest for B. bellona, which was denser in more degraded units, 
and twice in Missouri, where E. claudia and S. idalia were denser in less de
graded units. By contrast, site diversity (i.e., whether uniform or containing
both uplands and lowlands) produced significant results in most tests; only 
E. claudia showed no effects of this factor. Also frequently significant were 
site size, with fritillary abundance increasing with increasing site size except 
in one instance of the reverse, and vegetation type, with most significant pat
terns tending toward increasing density in wetter prairie types, except for S. 
idalia, which was more abundant in drier prairie types. Where management 
type was significant, burning alone or in combination with another manage
ment was associated with lower densities, non-management with intermedi
ate or higher abundances, and haying or grazing with higher abundances. B. 
selene could not be tested for management effects since all surveys during its 
peak flight occurred in fire-managed sites. 

Violets. The relative abundance of V pedata in surveyed units was on 
average common, V sagittata uncommon to common, V pedatifida sparse to 
uncommon (Table 7), and all other violets combined sparse. Other violets in
cluded the occasional V palmata L. (primarily a species of open woods), but 
the cordate-leaved violets could have been V conspersa Reichenb., V papil
ionacea Pursch., V sororia Willd., V cucullata Ait., and/or V adunca J.E. 
Smith, which occur in moist meadows, streamsides, and open upland woods 
(Fassett and Thomson 1976). 

Violet abundance showed significant patterns relative to most habitat 
factors (Table 7). Absent from wet to mesic units, V pedata was significantly 
more abundant in dry prairie types and V pedatifida nearly significantly so 
(p<O.046); V sagittata was significantly denser in wetter prairie types. Abun
dance of V pedata and V pedatifida significantly increased with increasing 
vegetative quality but V sagittata did not. Management produced no signifi
cant effects, but adequate samples were available to test only two types, 
nothing and burning. If more management types were tested, especially hay
ing and grazing, management might possibly show significant effects, as 
with the fritillaries (see above). 

Of the four testable butterfly species, all but S. cybele had positive signif
icant correlations with violet abundance and none had significant negative 
correlations (Table 8). Most significant correlations were with a particular vi
olet species; S. aphrodite also correlated significantly with abundance of all 
violets. Speyeria idalia correlated with two species, V pedatifida and V 
sagittata. Boloria bellona had the highest correlation coefficient with a violet, 
and both B. bellona and its violet correlate, V sagittata, were significantly 
more abundant in wetter prairie (Tables 4, 7). No fritillary correlated in 
abundance with abundance of V pedata, the most abundant and widespread 
violet species, recorded at 21 sites (of 24 surveyed). Viola pedatifida was 
recorded at 18 sites, V sagittata at 5 sites. Violets were present at all sur
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Table 4. Results of Mann-Whitney U tests of butterfly abundance within each unit survey in the Eastern Upper Midwest by habitat 
factors of the unit and site, with significance set at two-tailed p<0.025 (0.05/2) for two characteristics within a factor, tw()-tailed 
p<0.0167 (0.05/3) for three characteristics, and tw()-tailed p<0.0083 (0.05/6) for four characteristics. Within species for each habitat 
factor, characteristics labeled with any of the same letters are not significantly different from each other, and characteristics labeled 
only with different letters are significantly different from each other: A no significant differences within that habitat factor for that 
species, B = significantly low abundance level, C = significantly intermediate abundance (significantly different from both Band D in 
that same habitat factor), D = significantly high abundance. - means no or inadequate sample to test. For example, Boloria bellona 
was significantly sparse in wet/wet-mesic units and significantly dense in dry-mesiddry, but in mesic units, its density was not sig
nificantly different in abundance from either wet/wet-mesic or dry-mesiddry. 
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claudia 

Speyeria 
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Table 5. Results of Mann-Whitney U tests of butterfly abundance within each unit survey in the Western Upper Midwest by habitat -0 

'..J 
factors of the unit and site, with significance set at two-tailed p<0.025 (0.05/2) for two characteristics within a factor, two-tailed 
p<0.0l67 (0.05/3) for three characteristics, and two-tailed p<0.0083 (0.05/6) for four characteristics. Within species for each habitat 
factor, characteristics labeled with any of the same letters are not significantly different from each other, and characteristics labeled 
only with different letters are significantly different from each other: A no significant differences within that habitat factor for that 
species, B significantly low abundance level, C =significantly intermediate abundance, D significantly high abundance. See Table 
4 for an p.xample of interpreting letters. - means no or inadequate to test. 

Speyeria Speyeria Speyeria Boloria Boloria 

Western Upper Midwest 

cybele aphrodite idalia selene bellona -i
:::r: 
m 

xindividuals per hrlunit survey 0.34 5.24 13.46 24.92 7.88 11.10 G) 
n unit surveys in sample 673 297 311 311 60 337 ;;0 

m 
~ 

Unit type wet/wet-mesic A D D B D D ~ mesic A B B B BCD BCD A 
dry-mesic/dry A B C D B B m 

(J') 

m 
Unit quality degraded 

semi-degraded 
undegraded 

A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 

Z 
0s.: 
0 

Unit manage. nothing 
grazing 
haying 

A 
A 
A 

A 

A 

A 

A 

BCD 

D 

A 
A 
A 

6 
Q 
(J') 
-i 

burning A A A B A A 

Site diversity uniform A D A B D D 
diverse A B A D B B 

Size small (13-59 hal A A D B A BCD 
intermediate (65-193 hal A A D D A B 
large (259-2024 hal A A B D A D 

-0 
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Table 6. Results of Mann-Whitney U tests of butterfly abundance within each unit survey in southwestern Missouri by habitat fac
tors of the unit and site, with significance set at two--tailed p<0.025 (0.05/2) for two characteristics within a factor and two--tailed 
p<0.0167 (0.05/3) for three characteristics. Within species for each habitat factor, characteristics labeled with any of the same letters 
are not significantly different from each other, and characteristics labeled only with different letters are significantly different from 
each other: A", no significant differences within that habitat factor for that species, B significantly low abundance level, C =signifi
cantly intermediate abundance, D '" significantly high abundance. See Table 4 for an example of interpreting letters. - means no or in
adequate sample to test. 

Southwestern Missouri 
X individuals per hrlunit survey 
n unit surveys in analysis 

Euptoieta 
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Table 7, Results of Mann-Whitney U tests of violet abundance within each unit sur
vey by habitat factors of the unit and site, with significance set at two-tailed p<O,025 
(0,05/2) for two characteristics within a factor and two-tailed p<0.0167 (0.05/3) for 
three characteristics within a factor. Within species for each habitat factor, character
istics labeled with any of the same letters are not significantly different from each 
other, and characteristics labeled only with different letters are significantly different 
from each other: A = no significant differences within that habitat factor for that 
species, B significantly low abundance level, C = significantly intermediate abun
dance (significantly different from both Band D in that same habitat factor), D = sig
nificantly high abundance, For example, both Viola pedata and V. pedatifida were sig
nificantly sparse in degraded units and significantly dense in undegraded units, but in 
semi-degraded units, V. pedata was significantly intermediate in abundance, wtlile V. 
pedatifida was not significantly different in abundance from either degraded or unde
graded. 

Viola Viola Viola All 
pedata pedatifida sagittata violets 

Mean relative abundance per unit survey 1251.9 35.6 548.0 1846.5 
n unit surveys in analysis 172 172 172 172 

Unit type wet to mesic B A D A 
dry D A B A 

Unit quality degraded B B A B 
semi-degraded C BCD A D 
undegraded D D A D 

Unit manage. nothing A A A A 
burning A A A A 

Site diversity uniform D A B B 
diverse B A D D 

Size small (1-8 hal C D A A 
intermediate (9-36 hal D BCD A A 
large (38-162 hal B B A A 

veyed sites, each of which contained at least one of the three species ana
lyzed here. Only one unit each from two sites was recorded as containing 
only "other" violets (other than the three violet species analyzed here). Com
pared to the two most abundant violet species as well as overall violets, the 
fritillaries occurred at relatively fewer sites during the years of the violet 
surveys (1990-93): Euptoieta claudia 2 sites (out of those surveyed for vio
lets), S. cybele 14, S. aphrodite 16, S. idalia 7, B. selene 1 site (a single indi
vidual), B. bellona 7 sites. 

Summary by species. The least dense fritillary in this study, E. claudia 
was more abundant southward and westward (Table 3), and showed the 
fewest significant patterns of abundance by habitat factors: a single signifi
cant habitat effect (a positive relationship with prairie quality) only in south
western Missouri, the subregion where this species was most abundant 
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Table 8. Spearman rank correlation coefficients (r) of fritillary relative abundance 
with violet relative abundance in the same unit the previous spring. A site unit was in
cluded in analysis once per year for each year during 1990-93 that the unit was sur
veyed for both violets in the spring and the fritillary species the following summer dur
ing the peak flight period. N is the sum of unit surveys included in the correlation. 
Underlined coefficients are significant at p<O.OI. 

Viola Viola Viola All 
pedata pedatifida sagittata violets 

n r r r r 

Speyeria cybele 155 +0.04453 +0.16102 +0.02633 +0.11111 

Speyeria aphrodite 163 +0.06291 +0.21130 +0.19221 +0.21376 

Speyeria idalia 150 -0.04824 +Q,28522 +0,23544 +0.10308 

Boloria bellona 80 -0.25884 -0.12097 +Q,39100 +0.09459 


(Table 6). S. cybele was the second scarcest fritillary, with higher densities 
northward and westward (Table 3), and showed significant habitat patterns 
only in the Western Upper Midwest (its region of densest numbers): greater 
abundance in wetJwet-mesic prairies and sites of uniform topography (Table 
5). The paucity of significant patterns of abundance in these two species may 
simply result from the relatively low observed numbers, in which case 
stronger patterns might develop with more surveys in their prime range and 
habitat, or these analyses may accurately reflect the very flexible habitat re
quirements ofwidely but thinly spread species. 

The most abundant fritillary in this study, S. idalia was denser south
ward and secondarily westward (Table 3), and its regional abundance related 
directly to the number of significant tests of habitat factors in that region 
(Tables 4, 5, 6). In all subregions, S. idalia was significantly more abundant 
in larger prairies with topographic diversity and management by haying or 
grazing. In both Missouri and the Western Upper Midwest, this fritillary was 
significantly denser in dry prairie types, but only in Missouri did this species 
show a significant (and positive) effect of vegetative quality. Only one S. 
idalia individual was found >0.5 km from a known population occupying 
habitat identifiable as native prairie, and this individual was in native 
prairie, although a small, seemingly rather isolated patch. Only once was an 
S. idalia individual observed in an entirely non-native context: a male nec
taring on Asclepias syriaca (common milkweed, a native plant) in a wheat 
field 300 m from a high-quality prairie containing a dense population of this 
fritillary. All but one of the small S. idalia populations in the Eastern Upper 
Midwest occupied habitats identifiable as prairie, although two of these sites 
were highly degraded. The one population, the smallest, occupied primarily 
non-native grassland containing only small patches of flora identifiable as 
native prairie, but highly degraded. 

The second most abundant fritillary in this study, S. aphrodite occurred 
only in the Upper Midwest, with no significant difference between the two 
Upper Midwest subregions (Table 3). While this species had numerous signif
icant habitat effects, they seemed rather inconsistent as to which factors 
were significant in which subregions (Tables 4, 5). Speyeria aphrodite showed 
a seemingly contradictory pattern relative to prairie size: a significant in
crease with larger prairie size in the Eastern Upper Midwest, but the reverse 
in the Western Upper Midwest. This may result from the differing sizes of 
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the sites between the two subregions. S. aphrodite had low densities in very 
small prairies (only sampled in the Eastern Upper Midwest) and very large 
prairies (only sampled in the Western Upper Midwest), with higher densities 
in intermediate sizes (the larger two size classes in the Eastern Upper Mid
west and the smaller two classes in the Western Upper Midwest). 

The two Boloria species occurred at comparable densities in the study, 
but B. selene occurred in analyzable numbers only in the Western Upper 
Midwest, while B. bellona occurred in both subregions of the Upper Midwest 
(Table 3). In the Western Upper Midwest, the two Boloria species had very 
similar habitat patterns, with higher numbers in wet, uniform prairies, and 
denser B. bellona with increasing prairie size too (Table 5). In the Eastern 
Upper Midwest, B. bellona had lower densities with increasing vegetative 
quality, in burned units compared to unmanaged units, and, contrasting with 
the pattern in the Western Upper Midwest, in uniform units compared to di
verse ones (Table 4). 

DISCUSSION 

Habitat factors. The fritillary species in this study showed numerous 
significant patterns relative to habitat factors. However, caution is required 
when inferring a species' preferred habitat from location of adult butterflies, 
as food resources preferred by adults influence their distribution at least on a 
microsite scale (e.g., Loertscher, et a1. 1995) and may be located in different 
areas or habitat types from other resources the adults require and from the 
resources required by immatures (e.g., Wiklund 1977, Wiklund and Ahrberg 
1978). 

A variety of mechanisms might underlie the numerous significant effects 
of site diversity. Boloria densities were significantly higher in wet prairie, 
which occurred in larger patches in the Western Upper Midwest in sites of 
uniform (low~lying) topography. By contrast, in the Eastern Upper Midwest 
where prairies were smaller and tended more toward being uniform and up
land, the quality of site diversity would mean that wet prairie was present in 
the site. But for S. idalia, which was often significantly denser in dry prairie, 
site diversity may enhance their survivorship and fertility over a' e long 
flight period by buffering the availability of nectar for adult food ( Boggs 
and Ross 1993, Britten and Riley 1994). Effects of site diversity and size may 
be somewhat related for S. idalia. Both diversity and size might favor the 
availability of an adequate supply of nectar as well as violets, which may 
occur in low densities and scattered patches. 

Patch size was frequently significant for these fritillaries, consistent with 
studies indicating that the abundance of other butterflies, including nympha
lines, increases with larger and nearer habitat patches (Thomas, et a1. 1992; 
Hanski, et a1. 1994, 1995). The relative paucity of significant effects from 
vegetative quality is intriguing since the patch sizes represent the extent of 
prairie vegetation, not grassland (native or alien). Thus, a pattern ofincreas
ing fritillary density with increasing patch size relates to the amount of na
tive prairie available to the population, not the amount of grassland vegeta
tive structure in the landscape. However, quality was tested primarily within 
the context of the flora being identifiable as native prairie, rather than na
tive prairie vs. entirely alien grassland. Within that range of habitat quality, 
patch size apparently has more affect on the abundance of these fritillaries 
than floristic quality. 

Violets. Since most significant correlations of fritillary abundance were 
with particular violet species, rather than total violet abundance (Table 8), 
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the fritillaries appeared to segment violet resources to some degree by 
species and/or habitat. A positive violet covariance does not necessarily indi
cate that the violet species is the primary larval host: the violet and fritillary 
may have independently parallel responses to the same habitat factors. This 
may explain why S. aphrodite and S. idalia significantly covaried with V. pe
datifida yet V. pedata was much more abundant and widespread in these 
prairie sites. Likewise, lack of correlation (e.g., with V. pedata) does not nec
essarily indicate the violet is not a larval host. S. zerene myrtleae dos Passos 
and Gray (Myrtle's silverspot) occurs in fewer habitat types than does its pre
sumed host, V. adunca J.E. Smith, within this fritillary's range (Launer et al. 
1992). Thus, violets are important but just one component of this fritillary's 
required habitat conditions. Similarly, in this study V. pedata occurred in 
many sites, even abundantly, where S. idalia was never found, but the 
paucity of other violet species in some of the sites with S. idalia populations 
strongly implies that this fritillary uses V. pedata as larval food at those 
sites. The lack of fritillary correlation with V. pedata suggests that factors re
stricting the abundance of the fritillaries are more numerous and/or different 
from those restricting the violet. 

These fritillary species overlap considerably in documented violet usage 
(Table 9). Moreover, violets often hybridize, especially closely allied species 
(Gray 1908, Fassett and Thomson 1976, Runkel and Roosa 1989), blurring 
the distinctions in violet usage. The fritillaries' broad acceptance of many vio
let species in the laboratory (Scott 1986) suggests that other habitat factors 
besides violets more strongly affect the butterflies' distribution and abun
dance. 

Violet usage and habitat preference bear on the two patterns of voltinism 
in these species. The violets used by univoltine Speyeria species may be 
shriveled during adult flight, so that females may oviposit where the violets 
will res prout the following spring (Opler and Krizek 1984, Scott 1986). By 
contrast, the Boloria species must find violet foliage throughout the growing 
season as forage to support their multivoltinism. 

Applications to conservation. Prairie quality produced relatively few 
significant effects, yet E. claudia, a species associated with adventive, dis
turbed habitats (e.g., Sedman and Hess 1985), would not seem the most 
likely species to show one of the few effects of this habitat factor (Table 6). Of 
the study species, S. idalia would seem most likely to show effects of prairie
quality since it is the fritillary most restricted to native prairie habitat, yet 
only in one of three subregions did S. idalia show a significant effect from 
this factor. Of the habitat factors tested, all the others described significant 
patterns of S. idalia abundance more frequently than prairie quality (Tables 
4, 5, 6). This suggests that the other habitat factors would be higher priori
ties than prairie quality for conservation strategies intended to secure and 
enhance this fritillary's populations. Aiming for larger prairie preserves con
taining both uplands and lowlands, even if degraded, and managed with un
intensive haying or grazing would appear of higher priority for S. idalia con
servation than improving the native quality of the prairie flora. 

The strong and rapid flight of S. idalia justifies its reputation for high 
vagility (Hammond 1991, Nagel et al. 1991), corroborated by single individu
als found once on butterfly counts outside the prairie region but within the 
species' range in Maryland, Minnesota, and Ontario (Swengel and Opler 
1996: iii). However, in that count program as well as this study, nearly all S. 
idalia individuals occurred in strongly localized populations occupying habi
tat with native prairie characteristics, even if highly degraded. Prairie qual
ity might show more effects if more degraded sites, especially ones isolated 
from native prairie vegetation, were surveyed. In this study, the units were 
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-<>Table 9. Documented larval hosts in Vlolaceae for study species. The earliest available citation for each plant species is indicated. '-I 

Symbols: * presumed by author(s) to be a host based on violets at occupied site(s), + significant positive correlation with adult abun
dance in this study. 

E. S. S. S. B. B. 
claudia cybele aphrodite idalia selene bellona 

Viola adunca var. bellidifolia Scotta 

Viola canadense Ferrish 

Opler" 
Scott -t 

IViola hortensis Scott m 
Viola lanceolata Opier Scott *IftnerJ G> 

;;0Viola nephrophylla Scott Scott m 
Viola nuttallii Scott ~ 
Viola papilionacea Opier Opier Scott Scott Ferris s;:
Viola paZlens Opler A 

m 
(.fIViola palustris Scott 

Viola pedata Opler m 
ZViola pedatifida + +,Hammonde 

Viola pratincola Nagelf 0 
Viola primulifolia var. acuta Opler 3: 

0Viola rafinesquii Opler . 
0Viola rotundifolia Ferris G>Viola sagittata + + u; 

Viola sororia Opler -t 

Viola tricolor Scott Ferris 
Hybanthus verticillatus Scott 

a Scott (1986) 

h Ferris and Brown (1981) 

cOpIer and Krizek (1984) 

d Iftner et al. (1992) 

e Hammond and McCorkle (l984) 


(1992) 

VI 
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skewed toward the highest quality prairie vegetation known in the subre
gion, with most of the degraded units adjacent to higher quality units, even if 
small. Thus, the results in this study should be interpreted in the context of 
native prairie vegetation, not the landscape as a whole. Floristic quality is 
relevant to S. idalia distribution, but within the range of native prairie stud
ied here, other habitat factors appear to limit S. idalia abundance more than 
prairie quality. 

Management affects fritillaries through impacts on habitat components 
such as violets and nectar flowers and through direct effects on the animals' 
survivorship. The management significantly associated with lower fritillary 
densities was rotational burning (Tables 4, 5, 6), likely a consequence of high 
direct mortality to the butterflies themselves. The managements signifi
cantly associated with higher fritillary densities (nothing, rotational haying, 
unintensive grazing) varied by species, suggesting both the benefit to fritil
lary popUlations of relatively unintensive management techniques and some 
variation in habitat preference among the species. Very dense S. idalia oc
curred in a small (12 ha) hay-managed prairie in western Iowa (263-725 in
dividualslhr in >1 hr of surveying in the Northern Loess Hills count during 
1994-95) and in primarily hayed prairies in Missouri (Opler and Swengel 
1994; Swengel and Opler 1995, 1996). Mowing and brush clearing are favor
able for populations of S. zerene hippolyta W.H. Edwards (Oregon silvers pot) 
(New et al. 1995). Active management is also required for S. zerene myrtleae, 
with phased grazing and alien plant removal recommended (Launer et al. 
1992). Likewise, four violet-feeding fritillary species (Argynnis, Boloria) in 
Britain require active coppice management to maintain their semi-canopied 
habitat (Robertson et al. 1995). These managements all appear to favor 
maintenance of open habitats with abundant violets and nectar flowers while 
causing relatively little direct mortality to the fritillaries themselves. 
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TOMICUS PINIPERDA (COLEOPTERA: SCOLYTIDAE) 

REPRODUCTION AND BEHAVIOR ON 


SCOTCH PINE CHRISTMAS TREES TAKEN INDOORS 


Robert A. Haack1 and Robert K. lawrence1,2 

ABSTRACT 

Tomicus piniperda, the pine shoot beetle, is an exotic insect that was first 
found in North America in 1992. A federal quarantine currently restricts 
movement of pine products, including Christmas trees, from infested to unin
fested counties. We conducted a study to determine if T. piniperda would re
produce in Christmas trees that were cut and taken indoors during the 
Christmas season. Twelve Scotch pine, Pinus sylvestris, Christmas trees in
fested with overwintering T. piniperda beetles were cut in Indiana in early 
December 1993 and taken to Michigan. Four trees were dissected immedi
ately, while the other 8 trees were taken indoors, placed in tree stands, and 
watered regularly. Mter 4 weeks indoors, 4 trees were dissected, and the 
other 4 were placed outdoors in Michigan for 7 weeks. Upon dissection, all 
overwintering sites occurred along the lower trunk within the first 40 em of 
the soil line; 81% were found within 10 em of the soil line. Adults collected 
from the 4 trees dissected in December produced viable progeny adults when 
placed on Scotch pine logs in the laboratory. Overwintering beetles became 
active and laid eggs in 4 of the 8 trees that had been taken indoors. All 
adults and progeny found in the 4 trees that had been placed outdoors for 7 
weeks during cold January and February temperatures were dead. Overall, 
T. piniperda can become active and breed in Christmas trees that are cut and 
taken indoors in December. Tomicus piniperda survival in trees that are dis
carded outdoors at the end of the Christmas season will depend largely on 
the prevailing temperatures. 

The pine shoot beetle [Tomicus piniperda (L.); Coleoptera: Scolytidael 
was discovered in Ohio in July 1992 (Haack 1997, Haack and Kucera 1993, 
Haack et al. 1997). As of January 1997, established populations ofthis beetle 
have been found in 187 counties in 8 states in the United States and in 17 
counties in Ontario, Canada (Fig. 1). This Eurasian scolytid appears to have 
arrived in the Great Lakes region on two separate occasions, probably on 
cargo ships that carried infested wood crating or dunnage (i.e., log braces) 
from Europe (Carter et al. 1996, Haack et al. 1997). 

Considering T. piniperda as a potentially damaging pest of pines, in No

lUSDA Forest Service, North Central Forest Experiment Station, 1407 S. Harri
son Road, Michigan State University, East Lansing, MI 48823. 

2Current address: Missouri Department of Conservation, P.O. Box 180, Jefferson 
City, MO 65102. 
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Figure L Known distribution of T. piniperda-infested counties in North 
America as of January 1997 (Source: USDA APHIS and Agriculture Canada). 
The two squares indicate the two counties (Steuben County, Indiana, and In
gham County, Michigan) where this study took place. Abbreviations are: IL = 
Illinois, IN = Indiana, MD Maryland, MI =Michigan, NY =New York, OH 
=Ohio, ONT =Ontario, PA = Pennsylvania, WI Wisconsin, and WV West 
Virginia. 

vember 1992 the United States Department of Agriculture (USDA) Animal 
and Plant Health Inspection Service (APHIS) imposed a quarantine on the 
movement of pine from regulated (infested) counties to unregulated (unin
fested) counties within the United States (Haack et al. 1997, USDA APHIS 
1992). The quarantine regulated movement of pine logs or lumber with bark 
attached, pine nursery stock, and pine Christmas trees. Regulated pine ma
terial could be moved to areas outside the quarantine zone, but only after 
specific conditions were met. As currently written, the federal quarantine 
has zero tolerance for T. piniperda. Christmas trees are inspected as individ
ual fields of trees. Fields can vary considerably in acreage. Finding a single 
beetle or its damage will prohibit all sales of pine Christmas trees from that 
particular infested field to areas outside the quarantine zone unless the trees 
are subjected to an approved cold-temperature or fumigation treatment 
(Haack et aL 1997, USDA APHIS 1992). 

In 1997, a national T. piniperda compliance management program was 
initiated by USDA APHIS that allows growers in regulated areas to ship 
their trees to unregulated areas without inspection given that they agree to 
and strictly follow a series of management guidelines (USDA APHIS 1996, 
McCullough and Sadof 1996). It is felt that if all pest management steps are 
followed, then the resulting T. piniperda population will be so low as to pose 
little or no risk of spread through the movement of pine Christmas trees. 
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Therefore, starting in 1997, Christmas tree managers in regulated counties 
have the option to either enroll in the national T. piniperda compliance man
agement program or subject their trees to inspection. 

The Great Lakes region is a major area of Christmas tree production in 
the United States. More than 10 million trees are sold each year in this area, 
and about 75% of them are Scotch pine (Pinus sylvestris L.) (Dr. Melvin R. 
Koelling, Department of Forestry, Michigan State University, pers. comm.). 
Christmas trees from the Great Lakes region are sold throughout the United 
States, as well as in Mexico, the Caribbean region, and other countries. 

Tomicus piniperda is a univoltine bark beetle (Bakke 1968, Haack and 
Lawrence 1995a, 1995b, Langstrom 1983). Adults overwinter in the outer 
bark at the base of live pine trees. Adults become active in early spring and 
fly to recently cut pine stumps and pine logs to breed. Progeny adults start 
emerging in early summer and then fly to the crowns of living pine trees 
where they conduct maturation feeding inside one or more shoots during the 
summer and early autumn. In autumn, soon after the first few nights of sub
freezing temperatures, adults exit the shoots and move to overwintering 
sites. The adults apparently walk along branches to the tree trunk and then 
down to the base of the trunk where they tunnel into outer bark and spend 
the winter. All North American pines appear susceptible to T. piniperda at
tack (Haack and Lawrence 1997, Langstrom and Hellqvist 1985, Langstrom 
et aL 1995, Lawrence and Haack 1995, Sadofet aL 1994). 

In the Great Lakes region, most Christmas trees are harvested from late 
October through December, when most T. piniperda adults are moving to or 
already in their overwintering sites near the base of the tree. If an infested 
pine Christmas tree is cut close to the ground, it is possible that overwinter
ing beetles could be moved with that tree, and subsequently taken indoors by 
the buyer. What is the fate of such beetles? Will they emerge, fly, breed, 
shoot-feed, die, or remain in place? We designed a study to monitor T. 
piniperda behavior when infested trees are cut and taken indoors during the 
typical Christmas season. 

MATERIALS AND METHODS 

We selected 12 unpruned Scotch pine trees, 1.5-3 m tall, in a T. piniperda
infested Christmas tree plantation in northeastern Indiana near Orland, 
Steuben County, on 19 October 1993 (ca. 41° 45' N Lat, 85° 10' W Long; Fig. 1, 
Table 1). From pine trees other than the 12 test trees, we collected 230 T. 
piniperda-attacked shoots. To increase the chances that T. piniperda adults 
were still present in the shoots, we collected only attacked shoots that still 
had mostly green foliage. We have noted that attacked shoots with mostly yel
low to brown foliage usually do not contain T. piniperda adults (Haack et al. 
unpublished data). We tied 15 shoots in the upper half of each of the 12 test 
trees. Each cut shoot was tied tightly to a living shoot of a test tree so that the 
two twigs touched for most of their common length. This was done so that 
emerging beetles could more easily walk along the branches towards their 
overwintering sites. In our laboratory on the Michigan State University cam
pus in East Lansing, Ingham County, Michigan, we dissected the 50 remain
ing shoots to estimate the percentage of attacked green shoots that still con
tained T. piniperda adults on 19 October 1993. 

On 2 December 1993, we harvested the 12 test trees. First, we collected 
the 15 shoots that had been tied to each tree and bagged them separately by 
tree. Then we removed the lower two whorls of branches from each tree to 
allow access to the trunk. All cut branches were inspected for T. piniperda 
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Table 1. Summary data for the 12 Scotch pine Christmas trees from Steuben County, Indiana, used in this study. 

Approx. Depth (em) Tree diam. No. of No. of No. of test shoots No. of No. of 
Tree 
No. Trmtl 

tree ht 
(em) 

Cut below 
soil line 

Of duff at soil 
line (em) 

shoots 
2!:3mm2 

attacked 
shoots 

with potentially 
live beetles3 

potential 
adults4 

overwinter
sites5 

1 150 4 3 10.6 912 2 15 17 15 
2 Dec 240 4 5 12.1 652 6 15 21 25 -! 

I 
3 Dec 270 5 10 12.2 585 14 15 29 33 m 

4 Dec 165 5 5 15.6 1278 2 15 17 17 Cl 
Al 
m 

5 Jan 255 4 5 10.7 906 13 14 27 27 ~ 
6 Jan 210 5 5 11.9 434 21 15 36 22 };: 
7 Jan 210 7 2 10.9 938 31 14 45 30 A 

m
8 Jan 180 4 3 11.9 732 13 15 28 11 V> 

m 

9 Feb 195 7 2 8.1 248 2 14 16 13 ~ 
10 Feb 240 3 4 14.4 676 16 15 31 34 
11 Feb 210 4 10 13.0 686 11 15 26 18 ~ 
12 Feb 180 6 3 11.3 1513 12 15 27 6 5 
1 Treatments: Dec =trees dissected in the field in early December 1993; Jan =trees dissected in early January 1994 after being in- Cl 

doors for about 4 weeks; Feb trees dissected in late February 1994 after being indoors for about 4 weeks and then outdoors in Michi- ~ 

gan for about 7 weeks. 

2 Only current-year and l-year-old shoots were counted. 

3 We placed 15 shoots on each tree. Where the value is 14, we found either a dead beetle or an aborted attack. 
 2: 
4 Number of potential adults == sum of the number of naturally attacked shoots and the number of test shoots added to each tree that 
likely contained an adult beetle. This assumes one beetle per attacked shoot. w 

9
5 Number of overwintering sites =the number of overwintering sites actually found on the trunk of each tree. z 

~ 

S?<> 
10 

I 
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shoot-feeding attacks. We counted each attacked shoot as well as the total 
number of current-year and l-year-old shoots that we believed could have 
been attacked by T. piniperda, i.e., shoots ~ 3 mm in diameter (Haack et aL 
unpublished data, Langstrom 1983, McCullough and Smitley 1995). At the 
base of each test tree, we measured the depth of the duff layer, brushed the 
duff layer away to bare soil, marked the tree trunk at the soil line, and then 
brushed the soil away until the uppermost roots were exposed. We also 
counted the number of obvious overwintering sites as indicated by piles of 
frass in bark cracks along the lower trunk of each tree. 

We randomly selected 4 of the 12 test trees to be dissected immediately 
(Trees 1-4; Table 1). We removed all branches in the field and counted all 
current-year and l-year-old shoots ~ 3 mm in diameter, as well as the num
ber of T. piniperda-attacked shoots. All attacked shoots were later split open 
to look for T. piniperda adults. 

We then cut the trunk of each of the 12 test trees at 3-7 cm below 
groundline (Table 1). After Trees 1-4 were completely pruned in the field, 
each stem was bagged separately, taken to the laboratory, and refrigerated 
until they were dissected during the following week. While debarking the en
tire main stems of Trees 1-4, we recorded where each T. piniperda overwin
tering site was relative to the original soil line, how many T. piniperda adults 
were inside each overwintering site, and if the adults were alive or dead. All 
live adults were placed on bark chips and refrigerated. On 16 December 
1993, we selected and sexed all uninjured T. piniperda adults. To determine 
if they could reproduce without being exposed to a lengthy cold period, we di
vided 20 males and 30 females among 3 Scotch pine logs in the laboratory 
and allowed the beetles to colonize the logs freely. We monitored these cages 
for brood adult emergence and later debarked the logs and counted and mea
sured all egg galleries. 

The remaining 8 trees (Trees 5-12) were taken to the laboratory on 3 De
cember 1993 and placed upright in standard Christmas tree stands. We 
added water to the stands daily so that the lower 5 cm of each trunk was 
submerged. All 8 trees were in the same windowless room. Any overwinter
ing T. piniperda adults present on these 8 trees were free to fly throughout 
the lab. Ambient conditions in the lab were 21°-24°C, 20-30% relative hu
midity, and a 9L:15D photoperiod. 

Four of the remaining 8 trees (Trees 5-8) were dissected during 4-10 
January 1994. The last 4 trees (Trees 9-12) were taken outdoors again and 
placed horizontally on the ground in an open area in Ingham County, Michi
gan, on 5 January 1994. As Trees 5-12 were removed from their individual 
stands in January, we recorded the number of drowned beetles present inside 
each stand. After Trees 9-12 had been outdoors for about 7 weeks, we dis
sected them during 23-24 February 1994. We dissected the last 8 trees as we 
did the first 4 trees except that we also inspected all trunk sections for T. 
piniperda egg galleries and brood. All adults and brood were classified as 
alive or dead. We used the Statistical Analysis System (SAS) to analyze the 
data, using a P=0.05 significance level. The relation between number of at
tacked shoots per tree and number of overwintering sites per tree was ana
lyzed with simple linear regression. 

RESULTS AND DISCUSSION 

Tomicus piniperda was able to become active and reproduce in cut 
Christmas trees that were held indoors during the Christmas season. Dissec
tion of the 50 extra shoots collected on 19 October 1993 indicated that 89% of 
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the shoots contained live T piniperda adults. Therefore, when we tied the 15 
shoots on each test tree in October, we were likely adding an average of 13 
beetles to each tree. In December, when the 180 tied shoots were col1ected 
from Trees 1-12 and dissected, we found 177 empty shoots, 2 shoots with 1 
dead T piniperda adult each, and 1 shoot with an aborted attack (Table I). 
This pattern of shoot departure closely matched data from another 1993 
study at the same Indiana study site, where the presence of T piniperda 
adults in mostly green shoots was 89% on 19 October, 58% on 4 November, 
5% on 16 November, and 0% on 30 November (Haack and Lawrence 1997 
and unpublished data). 

We found that from 2 to 31 shoots were naturally attacked by T 
piniperda on Trees 1-12 during 1993 (Table 1). This corresponded to a range 
in the natural attack rate of the available shoots from 0.2% in Tree 1 and 
Tree 4 to 4.8% in Tree 6 (Table 1). Considering these naturally attacked 
shoots and the additional shoots that we tied to each tree, and assuming 1 
beetle per attacked shoot, there were potentially 16 to 45 T piniperda per 
test tree (Table 1). Considering 1 beetle per shoot and 1 beetle per overwin
tering site, there was no significant linear relation between the number of at
tacked shoots per tree and number of overwintering sites per tree (P =0.11, 
N 12 trees). Tree 12 was the major exception, with 27 potential beetles but 
only 6 overwintering sites found (Table 1). However, for Trees 1-4, which 
were dissected while the beetles were still within their overwintering sites 
and thus the chance of locating all possible overwintering sites and beetles 
was much higher, there was a significant linear relation between the number 
of attacked shoots and number of overwintering sites (r2 =0.95, P = 0.026, 
N = 4 trees). Such data support the contention that T piniperda overwinter 
on the same trees that they last used for shoot feeding. When Trees 1-4 were 
dissected, 8% (7 of 90) of the overwintering sites were empty, 89% (80 of 90) 
contained 1 beetle, and 3% (3 of 90) contained 2 beetles. Several reasons can 
be given for less than 100% agreement between the number of infested 
shoots and the number of overwintering sites, such as (a) more than 1 beetle 
could occur per attacked shoot, (b) more than one shoot per tree could be at
tacked by the same adult, (c) some shoots could have been attacked in previ
ous years and still have remained attached to the tree, (d) some overwinter
ing sites in the bark could have been created in previous years and some 
sites could contain more than one beetle, and (e) some beetles could have 
died, flown to other trees, or fallen off the tree when moving to their overwin
tering sites. 

We located 251 T piniperda overwintering sites on the trunks of Trees 
1-12. No beetles were found in shoots of any of the test trees when dissected 
in December (Trees 1-4), January (Trees 5-8), or February (Trees 9-12). On 
average, there were 21 overwintering sites per tree found after dissection, 
but we had seen on average only 7 piles of frass (range 5-9) at the base of 
each tree in December before cutting. This is explained in part by multiple 
beetles entering the bark from within the same bark crack. In one case, we 
found that 5 adults had entered the same bark crack but each had made its 
own separate tunnel into the bark. The overwintering sites were found from 
about 1 cm below the original soil line to 40 em above the soil line (Fig. 2; 
mean±SE 7.3 + 0.3 em, N=251). Overall, 34% of the overwintering sites 
were found within the first 5 em from the soil line, 80% within the first 10 
em, 85% within the first 15 em, 95% within the first 20 cm, and over 99% 
within the first 25 em (Fig. 2). Similarly, with respect to the duff layer, over
wintering sites occurred from about 9 cm below the duffline to 35 em above 
it (mean±SE = 2.2 + 0.4 cm, N=251). Overall, 31% of the overwintering sites 
occurred below the duff line, 72% within the first 5 cm above the duff line, 
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Table 2. Summary data for the 3 Scotch pine logs that were infested on 16 December 1993 in the laboratory with Tomicus piniperda 
adults that had been removed from their overwintering sites on Scotch pine Christmas trees that had been growing in Indiana. l 

~ No. of adult Galleries Gallery No. of emerged F] brood adults I 
--l 

m 
Area beetles added No. No. per length (cm) Per Per cm of Per m2 of bark G) 

No. (cm2) Males Females present (Mean ± SE) Total gallery gallery surface aream2 AJ 
m 

1 10042 6 10 7 70 7.1 ± 1.1 241 34.4 4.8 2400 ~ 
2 1048 7 10 10 95 6.7 ± 0.9 303 30.3 4.5 2891 ~ 

;>';3 1237 7 10 8 65 5.0 ± 0.6 216 27.0 5.4 1746 m 
en 

1 Adults were removed during 6-10 December 1993 and kept refrigerated until 16 December. Logs were caged individually and main m 
tained at room temperature in the laboratory (see text for details). Z 
2 Log surface area was calculated using inside-bark diameter measurements. ~ o 

5 
G) 
en 
--l 

"-> 
VI 
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and 94% within the first 10 cm. These data clearly show that as the cutting 
height is increased (i.e., the taller the stump), fewer T. piniperda adults are 
potentially transported away with the tree. 

Most managers cut Scotch pine Christmas trees from 0 to 10 cm above 
the ground. They then cut away the lower whorl of branches and then re
move another 10 to 15 cm of the basal stem so that the trees are more uni
form and can be handled more easily during shipping and by the final buyer 
(Dr. Melvin R. Koelling, pers. comm.). Therefore, considering that the lower 
10-25 cm of trunk are removed and the above data on overwintering site dis
tribution, it is apparent that the vast majority of overwintering beetles re
main behind. 

The T. piniperda adults that we collected in December from Trees 1-4 
successfully colonized and reproduced in the laboratory (Table 2). Progeny 
adults began to emerge on 21 January 1994, with 50% emergence occurring 
by 28 January, which was about 6 weeks after the parent adults were placed 
on the logs. Upon dissecting the 3 brood logs, we found 25 egg galleries 
(Table 2). When presented in terms ofFl (progeny) adult productionlm2 oflog 
surface area, our results (Table 2) are very similar to the average brood pro
duction values for the control logs in other studies that used spring-collected 
T. piniperda adults (1810 to 4351 brood adults/m2; Langstrom and Hellqvist 
1985, Schroeder and Weslien 1994a, 1994b). Such similarities suggest that 
the adults in our study reproduced normally after very little exposure to cold. 

We first observed T. piniperda adults flying in our laboratory on 9 De
cember 1993, which was 6 days after Trees 5-12 were brought indoors. Later, 
when the Christmas tree stands were inspected in January, we found 30 T. 
piniperda adults in the 8 tree stands (Table 3); all had apparently drowned 
in the water in the stands. Some of the drowned adults could have been over
wintering along that portion of the stem that was submerged, while others 
could have fallen into the water. 

When the entire trunks of Trees 5-12 were dissected after being held in
doors for about 4 weeks, we found egg gallery construction in 5 of the 8 trees 
(Table 3). Overall, we located 26 egg galleries, of which 7 galleries appeared 
to have been initiated from overwintering sites (Table 3). Of these 26 egg gal
leries, 17 galleries had no parent adults present when dissected, 7 had 1 
adult each, and 2 had 2 adults each. Three of the galleries lacked both parent 
adults and brood (Table 3). There was much resin in these 3 empty galleries 
and perhaps they were abandoned for this reason. The fact that parent 
adults were absent from so many of the egg galleries with brood (61%,14 of 
23 galleries; Table 3) suggests that most adults had had sufficient time to lay 
eggs and re-emerge before the trees were dissected. Only 1 of the 11 egg gal
leries with larvae still had a parent adult present upon dissection (Table 3). 

The 26 egg galleries found in Trees 5-12 were initiated along the tree 
trunks from 7 em to 142 cm above what was the original soil line (Fig. 2). 
When dissected, larvae were only present in the egg galleries that had been 
initiated within the first 30 cm of the original soil line (11 of 15 galleries), 
whereas only eggs were present in galleries constructed above 30 cm (7 of 11 
egg galleries). Such variation in brood development suggests that when over
wintering on trees that are subsequently cut, T. piniperda adults will typi
cally initiate egg gallery construction at or near their overwintering sites. 
The egg galleries located higher on the stems (above 30 cm) could represent 
sister broods constructed subsequent to parent adult re-emergence from their 
initial galleries along the lower stem. These findings, along with the above 
results on brood production in logs, indicate that T. piniperda does not re
quire a lengthy exposure to cold temperatures before reproducing, and thus if 



-0 
-0 
'-I 

Table 3. Summary Tomicu.~ piniperda data for the 8 infested Scotch pine Christmas trees that were harvested in Steuben 
diana, on 2 December 1993, kept indoors for about 4 weeks and then either dissected (Trees 5-8) or placed outdoors near East 
ing, Michigan, for 7 weeks and then dissected (Trees 9-12). 

Condition of
No. of galleries 	 :t 

No. of dead 	 parent adults m 
adults in 	 No. of egg galleries with: 3'free adults in tree No. Lth (em) 	 or Fl brood Q 

;;0
No. stand in Jan. Shoot Gallery found (Mean ± SEl NoAEL A AE AEL E EL L upon dissection m 

~ Trees dissected in January 1994 after about 4 weeks indoors s;:5 0 0 8 14 (6) 1 4.8 ± 0.7 ] 1 	 52 1 1 1 4 All alive 
o o o '"U> 

6 4 0 0 1 ]A ] o o o None present m 

7 0 0 1 2 6.6 ± 1.7 o o 1 o 1 o o All alive m 
8 4 0 0 0 None present Z 

Trees dissected in February 1994 after about 4 weeks indoors and then 7 weeks outdoors 
9 1 0 0 0 None present ~ 
10 4 0 2 4 3.9 ± 1.6 1 0 12 0 2 0 0 All dead 5 

Q11 7 0 0 5 (1) 10.0 ± 0.6 0 0 	 0 0 0 5 0 All dead 
Vi12 ]0 0 0 0 	 None present -I 

1 Number in ( ) represents the number ofgalleries on a particular tree that appeared to be initiated from an overwintering site. 

2 For Tree 5, one of the 5 galleries had 2 parent adults present. For Tree 10, 1 gallery had 2 parent adults present. 

3 A=l or 2 adults present in gallery; E == eggs present; L = larvae present; No AEL =no adults, eggs, or larvae present but appeared to 

be the start of an egg gallery that was later abandoned due to excessive pitch. 
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'-I 
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Figure 2. Percent of total Tomicus piniperda overwintering sites (A: N=251 
on Trees 1-12) or egg galleries (B: N = 26 on Trees 5-12) found at various 
heights along the trunks of Scotch pine Christmas trees that were harvested 
in Indiana in December and maintained indoors for 4 weeks (Trees 5-12 
only). Heights are given in 5-cm intervals relative to the original soil line at 
the base of each tree. 

moved in cut Christmas trees to a warmer climate, T. piniperda could repro
duce, if mated, without any further exposure to cold. 

All parent adults and progeny in Trees 5-8 were alive when we dissected 
these trees in early January (Table 3). However, all parent adults and prog
eny encountered in Trees 9-12, after 7 weeks of exposure to outdoor winter 
temperatures, were dead (Table 3). Outdoor air temperatures were well 
below normal during January and February 1994 in East Lansing, Michigan, 
i.e., average daily temperatures were 3.6°C below normal for January and 
1.7°C below normal for February (NOAA 1994). During the 7-week period in 
January and February when Trees 9-12 were outdoors, East Lansing 
recorded 14 days where daily minimum temperatures fell below -18°C (= 
OaF). Of these 18 days, 6 days fell below -25°C and another 3 days fell be
tween -20° and -25°C (Fig. 3). Given that temperatures below -12.5° and 
-18Aa C are considered lethal to T. piniperda larvae and adults, respectively 
(Bakke 1968), it is not surprising that all adults and brood in Trees 9-12 
were dead. However, during mild winters, it seems possible that some T. 
piniperda parent adults and brood could survive in discarded Christmas 
trees in the Great Lakes region. If Trees 9-12 had been discarded in the 
southern United States, where winter temperatures are seldom much below 
freezing, T. piniperda adults and brood would likely have survived the winter 
period. 

Although we recorded T. piniperda oviposition in cut Christmas trees, the 
actual risk of moving T. piniperda in cut Christmas trees is likely very low. 
With the current federal quarantine, only trees from fields that pass a visual 
inspection or have been managed under the national compliance manage
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Figure 3. Daily minimum temperatures eC) from 15 October through 7 De
cember 1993 at Prairie Heights, Steuben County, Indiana (about 10 km from 
the study site) and from 1 January through 28 February 1994 at East Lans
ing, Ingham County, Michigan (about 30 km from where Trees 9-12 were 
stored outdoors for 7 weeks). The asterisk inside each outline map indicates 
the location of the two study sites and the weather recording stations. Letter 
A signifies the date when shoots were added to Trees 1-12 (19 Oct 1993); B 
when trees were cut and returned to Michigan (2 Dec 1993); C when 4 of the 
trees were placed back outdoors near East Lansing, Michigan (5 Jan 1994); 
and D when the last 4 trees were returned to the laboratory for dissection (22 
Feb 1994). 

ment program can be shipped to areas outside the quarantine zone. If an in
fested pine tree was somehow shipped outside the quarantine zone, there 
would still be only a remote chance that T. piniperda would become estab
lished. There are several reasons for this level of relatively low risk. First, 
well-managed Christmas tree plantations within the infested area generally 
have very low T. piniperda populations, and thus any infested tree would 
likely contain only one to a few beetles. This is important because few parent 
females mate before overwintering (10-15%; Janin and Lieutier 1988) and 
therefore both a male and a female beetle would have to be at the base of the 
same Christmas tree to ensure reproduction while the tree was indoors. In 
addition, even if brood production would occur in a Christmas tree outside 
the quarantine zone, establishment would still be unlikely because the brood 
adults would disperse upon emergence, shoot-feed all summer on different 
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trees, overwinter, and then have to find each other on the same freshly cut 
pine log or stump the next spring to mate. 

Our results indicate that individuals and municipalities should seriously 
consider how Christmas trees are disposed after the Christmas season. De
pending on local conditions, trees are often placed in landfills, chipped, 
burned, used to protect garden plantings, or simply thrown outside. To re
duce the risk of spreading T. piniperda, chipping or burning would certainly 
be the safest options. In the present study, after Trees 5-12 were indoors for 
4 weeks, T. piniperda brood ranged from eggs to last-instar larvae. Therefore, 
Christmas trees should be disposed of quickly after the Christmas season, es
pecially ifwarm temperatures prevail. 
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CHEMllUMINESCEI\JT TAGS FOR TRACKING 

INSECT MOVEMENT IN DARKNESS: 


APPLICATION TO MOTH PHOT()'ORIENTATION 


Joseph L. Spencerl, Lawrence J. Gewax2, James E. Keller3 and James R. Miller3 

ABSTRACT 

The flight tracks of Manduca sexta (Lepidoptera: Sphingidae) flying to
ward a 5 watt incandescent light bulb were recorded under low light condi
tions with the aid of a camera-mounted photomultiplier and a glowing 
marker technique. Small felt pads bearing a chemiluminescent (glowi ma
terial, Cyalume®, were affixed to the abdomens of free-flying moths. 
insects orienting to a dim incandescent bulb were easily visible to the naked 
eye and were clearly captured on videotape. On their initial approach to the 
light source, M. sexta were found to orient at a mean angle of -0.220 ± 2.70 
(mean ± SEM). The speed of the initial approach flight (OA ± 0.03 mls) was 
significantly faster than the speed immediately after passing the light (0.29 
± 0.02 mls; t =6A, P<O.OOOl, n =61). Flight tracks obtained from transcribed 
video records show M. sexta initially fly approximately at a light source and 
only after passing it, do they engage in circular flight around the source. M. 
sexta flight to lights does not entirely match any paths predicted by several 
light orientation mechanisms, including the commonly invoked light compass 
theory. 

The nocturnal flight of many insects is known to be influenced by the 
presence of celestial light sources. Nocturnally active insects are thought use 
celestial lights as navigational points of reference; rising and falling catch to
tals at light traps between new and full-moon' support the notion that 
nocturnal insects are attracted to, or at least a d by moonlight in signifi
cant numbers (Nemec, 1971). A flying insect able to maintain a constant 
angle between its direction of motion and a distant light source, like the 
moon or a bright star, would travel efficiently in a straight line. However, 
with the advent of campfires, candles and porch lights it became possible for 
insects to erroneously orient to artificial lighting, which, unlike celestial 
lights, can be nearby. Insect attraction to these lights has been a source of 
human wonder and topic of poetry and song for ages. 

The most often invoked modern explanation for the seemingly suicidal 
flight of moths, described to circle and plunge into flickering candle flames, is 
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known as the light compass theory (Buddenbrock, 1937). According to Bud
denbrock's theory, a flying moth, orienting with respect to a local light 
source, makes ever more frequent course adjustments as it approaches the 
source in order to hold the light's image at a constant position in its visual 
field. The path of such an insect would initially be straight, but would trans
form into a logarithmic spiral as the light was approached. Such a spiraling 
flight would end with the insect plunging into the candle flame or battering 
itself against the surface of an incandescent bulb. 

Though the light compass explanation is widely professed, the casual ob
server will note that few insects ever spiral classically to their doom; most in
sects either ceaselessly circle a flame or fly straight into it. Clearly, there 
must be other orientation mechanisms in use by insects attracted to candles 
and porch lights, as well as other reasons (like predation) to explain the 
light-seeking behavior of some insects and arthropods (e.g., who has not seen 
gangs of spiders in webs clustered around outdoor lighting, or feeding man
tids perched beneath comer street lamps on a summer evening?). [A detailed 
review of the literature on spatial orientation and insect/arthropod vision in 
general may be found in Wehner (1981)]. In addition to the light compass 
theory (Buddenbrock, 1937), there are two other explanations: the 
open space hypothesis of Mazokhin-Porshnyakov (1 ), and the Mach band 
theory championed by Hsiao (1970; 1973), and supported by evidence from 
numerous authors (see Hsiao, 1970 for references). 

The open space hypothesis (Mazokhin-Porshnyakov, 1960) has as its cen
tral tenet that field-dwelling nocturnal insects use light as an indicator of 
open space, and when exposed to it at night, exhibit a positive phototaxis 
which would normally facilitate escape from enclosed areas like leaf litter 
and thick plant canopies. This hypothesis predicts that insects should move 
in paths directed toward lights. Encountering bright artificial lighting during 
scotophase may stimulate daytime-like patterns of activity, including attrac
tion to light, in diurnal insects. Behavior in the close vicinity of lights is not 
expressly predicted by this hypothesis. 

The Mach band theory has at its core the phenomenon of lateral inhibi
tion, a contrast-enhancing mechanism common to the visual systems of nu
merous taxa. First demonstrated by Hartline (1956) using the compound eye 
of Limulus polyphemus, the horseshoe crab, lateral inhibition involves en
hancement of edge contrast around objects in the visual field by inhibition in 
unstimulated receptors next to stimulated ones, which in the case of a moth 
approaching a flame, would be around the periphery of the light's image. Lat
eral inhibition results in the enhancement of light-dark boundaries; the dark 
boundary is perceived to be darker than it really is and the light boundary 
much brighter. The areas of enhanced light and dark are called Mach bands 
after Ernst Mach who first observed enhancement of light-dark boundaries 
in humans. 

Light orientation by a Mach band mechanism also may involve changing 
insect responsiveness to light. It was proposed (Robinson and Robinson, 
1950) that flight orientation toward lights is composed of two phases: ini
tially an insect is attracted and exhibits a positive phototaxis, but once it 
nears a light the phototaxis becomes negative and the insect attempts to es
cape. Interpreted in light of Mach band theory, it is supposed that the daz
zling brightness near the light causes insects to become negatively phototac
tic and to attempt an escape by flying toward the darkest region of their 
visual field. But, as a consequence of lateral inhibition, the darkest area in 
their visual field is found next to the brightest light at the dark Mach band. 
The insect becomes "trapped", according to this theory, flying toward the per
ceived darkest areas (Mach bands) at the periphery of the light's looming 
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Figure 1. Flight paths of moths flying towards a light as predicted by three 
orientation theories (adapted from Hsiao, 1973 and used with permission). 

image, and in doing so it maintains a near circular path around the light. 
The above described theories lead to different predicted flight tracks and 
light orientation angle distributions (Figs. 1 & 2). 

In this study, we sought to quantify the light-oriented flight tracks of 
Manduca sexta (L.) (Lepidoptera: Sphingidae), the tobacco hawkmoth, a 
strong-flying, night-active moth shown to orient toward lights at night (Stew
art et at., 1969). An unbiased evaluation of predictions derived from the light 
orientation theories demanded recording of flight tracks from free-flying 
moths be done in near darkness. However, studying the orientation of flying 
insects to a single dim light under dark conditions is at best a challenge. 

With the exception of insects that "carry" their own light, like lightning 
beetles (Coleoptera: Lampyridae), finding and accurately tracking nocturnal 
insect movement is difficult, especially when the subjects are rapid fliers like 
hawkmoths. We found that standard video/cinematic recording methods re
quired more light than was available under conditions when crepuscular or 
nocturnal insects are active. Moreover, supplementing ambient lighting suffi
ciently enough to meet the minimum equipment light requirements may in
terfere or inhibit expression of the behaviors of interest. Military surplus 
night-vision devices or low lux video equipment offer a partial solution to the 
illumination problem, but often at significant expense and loss of resolution. 

While planning our investigation, we found inspiration in the lightning 
beetle's "self-contained" light and devised a simple method for tagging insects 
with chemiluminescent (glowing) material obtained from within Cyalume® 
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Figure 2. Flight orientation angle distributions predicted by: Light Compass 
theory with mean approach angle equal to: A. ± 90', B. ~ ±10' & < ±60", C. 
$±10'; D. Mach Band theory, and E. Open Space hypothesis. A normal distri
bution of orientation angles about the mean was assumed for each. 
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light sticks. Once tagged, moving insects and their paths were observable in 
near-total darkness. With the aid of a photomultiplier device attached to a 
black and white camera, we recorded and quantified the rapid free-flight 
paths of individual glow-tagged M. sexta, visible as a bright moving spot in 
video records, as they oriented to a tiny light. 

MATERIALS AND METHODS 

Insects: Adult diet-reared Manduca sexta (ca. 1 week old) were provided 
by Dr. M. Rubin from the Department of Physiology at Michigan State Uni
versity. Insects were obtained 1 or 2 days before orientation trials and held in 
1m2 aluminum screen cages and provided ad libitum with a 10% sucrose so
lution. 

Light source: A single 5 watt incandescent white Christmas tree bulb 
controlled by a rheostat was used as a light source. Attached at the top of a 1 
m tall rod in a portable stand, the bulb's brightness was adjusted so illumi
nation at 10 em above and 10 em to the side ofthe light was 19 and 12 lux re
spectively, corresponding to the lowest possible rheostat setting. 

Test site: Experiments were conducted after dusk in an enclosed pole 
barn located ca. 2 miles south of Michigan State University at the Depart
ment of Entomology's Collins Rd. Field Research Site. Stray illumination 
from a few nearby bright lights was excluded by blocking windows and cover
ing 8 translucent skylights with thick black plastic for the duration of experi
ments (July-Sept., 1991). 

Video system: A Sony AVC-3450 BfW video camera equipped with a 
"Javelin" photomultiplier (Apollo Lasar Division, Los Angeles, CA 90035) and 
a Sony 12.5-50 mm TV Zoom lens set at 12.5 mm were mounted on a tripod 
suspended from barn rafters 4.5m above the floor. From this height, the cam
era field of view was 7.6 m2 at floor level and 4.7 m2 at the height of the bulb. 
Because the photomultiplier's phosphor was extremely sensitive to light, the 
camera system was shielded from direct light. The system was protected by 
positioning a small opaque disk between the light source and the camera 
lens, at a point 1 m above the light. The disk shaded the camera from the 
bulb's direct light, but did not block the recording of moth flight through the 
area around the bulb. A white felt disk (ca. 1 em dial bearing a small amount 
of glowing Cyalume® was attached at the center of the disk to indicate the 
position of bulb below and serve as a reference point for flight track analysis. 
To reduce reflections from the floor into the camera and to provide a uni
formly dark background, the floor around the light was covered by 12- 1.0 x 
1.5 m sheets of flat-black posterboard and the base of the light stand was 
wrapped with a dark cloth. 

The camera was connected to a NEC HQ DX-1000U VHS videocassette 
recorder positioned on a platform in the barn rafters above the camera. A 
video monitor (21" Sony Tritron), also positioned in the barn rafters, was pe
riodically used to check the quality of the video image. The TV screen was 
kept darkened and was positioned so not to be visible from the arena or re
lease sites on the floor below. 

Moth Tagging: To track fast-flying moths in near-dark conditions a 
small glowing tag was attached to the abdominal tip of each insect. The tag 
consisted of a small disk of white felt (ca. 0.75 em dial glued with cyanoacry
late adhesive to one end of a 3 em length of nylon thread (Stream and Tackle 
supersoft 0.5 lb test monofilament line). Tags were attached by first anes
thetizing the moths lightly on an open CO diffusion table, and removing 
scales from the dorsal aspect of the last 2-3 a1>dominal segments with a piece 



38 THE GREAT lAKES ENTOMOLOGIST Vol. 30, No. 1 & 2 

of masking tape (scales stick to the tape and are easily pulled oft). A small 
drop of rubber cement was applied to the scale-free area, and the free end of 
the nylon thread (attached to the felt pad) was inserted. Once the rubber ce
ment had dried, and the tag was secured, moths were placed into individual 
styrofoam containers inside a closed box for transport to the test site. All 
lights (except the 5 watt experimental light source) in the facility were 
turned off prior to application of the chemiluminescent material and flight 
testing (timed to coincide with full darkness outside). 

Moth tags became luminescent once treated with the non-toxic chemilu
minescent (glowing) liquid obtained from Cyalume® light-sticks (manufac
tured by American Cyanamid Company, Chemical Light Department, Milton, 
FL 32570). Light is produced when the two components of the liquid are 
mixed (under normal use conditions, bending of the light-stick breaks an am
pule containing catalyst which mixes with a colored substrate to produce 
cool-chemical light). The two components were collected by cutting light
sticks open and separating the substrate (colored liquid free inside the glow 
stick) and catalyst (contained in a glass ampule) into separate vials. When 
combined in an approximate 1:1 ratio, and applied to the felt disk (two 
drops/disk) portion of the tag, the mixture glowed brightly for ca. 30-40 min
utes. If Cyalume® is applied directly to the wings, thorax or abdomen of M. 
sexta, it rapidly stops glowing; direct treatment with Cyalume® also wets the 
insects and they do not fly. 

Insects were flight tested immediately after their tags were treated with 
Cyalume®. Total mass of the tag, chemiluminescent material and rubber ce
ment was ca. 0.08 g. In preliminary tests, M. sexta (mean individual moth 
mass ca. 3.0 g) flight did not appear to be affected by carrying this additional 
weight (in earlier tests, much smaller male gypsy moths, Lymantria dispar, 
and armyworm, Pseudaletia unipuncta, flew to lights wearing a smaller ver
sion ofthis device weighing 0.02 g). . 

Orientation trials: Insects carrying glowing tags were released from a 1 
m tall platform whose position was varied around the perimeter of the flight 
area. Video was recorded continually during a series of orientation trials 
which lasted ca. 1 hr. Th aid in the later identification of flight trials on the 
long video records, a swatch of reflective white cloth was moved into and out 
of the camera's field-of-view just prior to placing each moth on the release 
platform. Preflight wing fanning behaviors were usually observed before in
sects took flight. Moths failing to initiate flight within a few minutes were 
warmed in the experimenter's hands and replaced on the platform. It was oc
casionally necessary to gently toss an insect vertically into the air to stimu
late flight. Only rarely did insects not fly toward the light source when re
leased. 

We recorded 83 individual flights during 6 nights of recording. Each flight 
track was transcribed by plotting the successive frame-by-frame (30 
frames/second) position of the glowing tag (seen as a bright moving dot on 
video) onto an acetate sheet placed against the screen of a television monitor. 
From each tracing, an orientation angle was determined by first drawing a 
best fit line through the points comprising the insect's initial flight towards 
the light (beginning where the insect first entered the field of view and ending 
at the point where it passed the light source). The orientation angle was mea
sured between (a) the position ofthe light and (b) the point on the best fit line 
where the flight track passed the light (Fig. 3a). The measurement was made 
from a position on the best fit line 0.75 m backwards from point b. Calculated 
approach angles for flights passing to the right or left of the light were as
signed a positive or negative sign, respectively. Approach angles were ana
lyzed using an unpaired analysis, and tested against the null hypothesis that 
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the angles did not differ from 0° (i.e., flight directly into the light). It was not 
possible to accurately measure changes in elevation using our video system. 
We believe variation due to within flight changes in elevation to be small; we 
observed most insects to approach and circle within a horizontal plane at the 
level ofthe light with little vertical movement during orientation. 

Individual flight track lengths were calculated by summing the distances 
between successive points on the frame-by-frame plot and multiplying that 
value by a scaling factor determined from an internal measurement standard 
(a meter stick held horizontally at the height of the light and video-taped at 
the beginning of each session). Rate of flight was calculated by multiplying 
track length by the number of video frames comprising the track times the 
interval between successive frames (0.033 s/frame). Using this method, rates 
of flight were determined for the frames comprising the initial inward ap
proach flight toward the light, and compared to that for an equal number of 
frames on the outward flight after passing the light. Individual inward and 
outward flight speed data were analyzed by paired t-test with a 0.05. 

RESULTS 

Eighty-three flight tracks were recorded, 63 met an orientation criterion: 
they exhibited a change in direction or rate of displacement upon approaching 
the light. Of the remaining tracks, twelve were non-orienting flights and were 
not analyzed further, eight were unusable because the insect landed on the 
arena floor, lost its tag during flight, or etc. A path deviation near the light 
was observed in 83% (52/63) offlights (in three ofthese, moths turned acutely 
just before reaching the light). A change in rate of displacement::: 10% of the 
approach rate was observed in 86% (54/63) ofthe flights; 78% (49/63) of flights 
had both directional and rate changes upon nearing the light. There was a lin
ear component to the approach in 93% of all flights. The mean light orienta
tion angle was -0.22° ± 2.70 (mean ± SE) (range -90° to +50°) (Fig. 3b) and 
was not significantly different from 0° (t =-0.08, P =0.94, n =63). Only 4/64 
flights had measured orientation angles of 0°. Eighty percent (49/61) of in
sects slowed down after passing the light. The mean rate of displacement 
while approaching the light (0.4 ± 0.03 mls) was significantly faster than the 
rate (0.29 ± 0.02 mls; t = 6.4, P<O.OOOl; n =61) after insects passed the light 
(two insects that landed on the light were omitted from this analysis). 

DISCUSSION 

M. sexta trailing glowing-chemiluminescent tags were easily visible to 
the naked eye in flight and during subsequent viewing of video records. In 
frame-by-frame analysis, the moving tag permitted accurate plotting of flight 
paths. 

There was considerable variation in M. sexta orientation angles to the 
light source, however, most approaches were directed towards the light. A 
mean angle of approach near zero (-0.22° ± 2.7°) (Fig. 3b) suggests M. sexta 
fly more or less directly to the light, an observation consistent with the open 
space hypothesis and light compass orientation with very small light orienta
tion angles (Fig. 2). However, after a predominantly linear initial approach, 
some insects flew approximately circular loops centered around the light 
source; looping circular flights are consistent with the Mach band hypothesis, 
but would be expected to occur much closer to the light. We did not observe 



• • • • 

40 THE GREAT LAKES ENTOMOLOGIST Vol. 30, No. 1 & 2 

A) 
Approach 

Flight Path ........ ............ flight direction 
• • :/
• · .• 

a '•••••..... 

Orientation angle,e 

B) 

-90 -60 -30 0 30 60 

Orientation angle (degrees) 

Figure 3. A. Light orientation angle measurement method. Approach angles 
(in degrees) were measured between (a) the position of the light source and 
(b) the point where a best fit.. line to the moth's initial inward flight path 
crossed a perpendicular to the light source. The measurements were made at 
a position on the best fit line 0.75 m from point (b). B. Frequency histogram 
of Manduca sexta orientation angles measured while flying toward a 5 watt 
incandescent light bulb. The mean orientation angle (± SEM) was not signifi
cantly different from 0· (unpaired t-test; t =0.08, P =0.94, n =63). 
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logarithmic spirals consistent with light compass orientation in M. sexta 
flight paths.

The combination of linear flight toward light and subsequent circling or 
turning flights suggests that M. sexta may employ multiple light orientation 
mechanisms. The linear inward flight may be a consequence of a positive 
phototaxis manifest as an attraction to light or use of the light as a reference 
point (as suggested by the light compass theory). Very near the light, M. 
sexta may become deterred and express a negative phototaxis manifest in 
brief circling flight before flying off or landing some distance from the light. 
Away from the bright light, they regain their positive phototaxis and fly to
ward it once more (an observation consistent with those of Robinson and 
Robinson (1950) regarding changing responsiveness to light). Hsiao (1973) 
suggested a similar pattern of attraction followed by repulsion was occurring 
in Helicoverpa zea. 

In his experiments with Helicoverpa zea, Hsiao (1970, 1973), used a sys
tem in which moths were tethered to styrofoam "boats" floating on a flight 
"pond". Once flying, the insect powered the boat around the two-dimensional 
liquid surface, a conductive metal keel on the boat interacted with an electric 
field in the pond and permitted precise recording of the insect's path over 
time. Under these conditions, H. zea exhibited a strong tendency to orient to
ward the dark side of an interface between juxtaposed bright and dark stim
uli, and to engage in circular "flight" around a point light source, observa
tions supportive of the Mach band hypothesis. However, Hsiao's tethered 
moth experiments may have altered moth behavior. 

We suspect that the ingenious use of boats and tethered moths, while an 
excellent method to track the insects, imposed a "speed limit" upon test sub
jects and robbed them of flight momentum. Thus, in Hsiao's arena, H. zea, 
turning and orientation occurred at speeds far slower than those during free
flight to lights. Slower speeds would afford insects more time to respond to 
changing spatial relationships and thus greater than normal fine control 
over turning and course adjustments resulting in "flight" tracks of unusual 
precision. 

Flight momentum may be a significant factor limiting behavior as insects 
approach and pass a luminous source. M. sexta are heavy-bodied, fast-flying 
moths; the combination of their forward momentum with the rapidly chang
ing spatial relationship between the mover (the moth) and the stationary 
light source may make a timely response to changing stimulation impossible. 
The situation is analogous to an automobile driver encountering a sudden 
sharp turn. A slow-moving driver can negotiate a tight curve, but the inertia 
of a fast moving car makes following the same prescribed path physically im
possible. It is possible that the speed and momentum of a flying M. sexta 
physically limit its capacity to change course even when faced with informa
tion indicating course adjustments are needed to maintain an established 
spatial relationship with a light source. 

In these records, insect flight slowed significantly beyond the point of 
their closest approach to the light, a position where the image of the light 
would be brightest and moving at a maximal rate across the visual field. Per
haps, the slowing is a consequence of attempting to turn back toward the 
light as it is passed. Of insects changing course near the light, 80% (39/49) 
exhibited a turn toward the light, suggesting many insects were still posi
tively phototactic at what, in many cases, was the point of closest approach 
to the light. Most turns were initiated close to the light; 28%, 26% and 28% of 
turns occurred within successive 12 cm zones extending outward from the 
light whose luminosity dropped rapidly from 12 to 3 to 1 lux over those same 
intervals (luminosity at 5 cm was 46 lux). 
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One might argue that by the time M. sexta fly past the light they have 
become negatively phototactic and are caught in Mach band chasing flight. 
However, the diameter of our light source was <0.5 cm; flight toward its 
Mach bands would put the insect far closer to the light than we observed. 
Nevertheless, we cannot rule out the possibility that the large differential be
tween M. sexta's size and that of the bulb may make it impossible to sustain 
Mach band oriented flight or any close flight around such a small bulb. 

When the orientation angle and the complete orientation paths of each 
track obtained during this experiment are considered, there is little evidence 
to suggest that M. sexta ever follow a logarithmic spiral path when approach
ing a light. The observation that most tracks contained an initial linear ap
proach phase followed by a curvilinear circling phase lends support to a 
mixed mechanism model for M. sexta light orientation. Flight paths ofinsects 
navigating according to light compass or Mach band theories could look very 
similar depending on the angle of orientation to light. Insects employing the 
light compass mechanism with a small orientation angle (e.g., ±10Q) would 
have an angle distribution very similar to that which would be expected for 
Mach band navigating species, except that the Mach band distribution would 
have a gap around 0° (Fig. 2). 

Confusion among the orientation theories could also exist at the level of 
flight track interpretation. For instance, moths orienting according to a light Q
compass mechanism with orientation angles of ca. ±90 would not spiral into 
a light, but instead fly in circles around the light source, an expectation con
sistent with the Mach band theory. The effects of various orientation angles 
on the flight paths of light compass-orienting insects are discussed in detail 
in Fraenkel & Gunn (p.ll1; 1961). Interindividual variation in orientation 
angle could further complicate interpretations. Sotthibandhu and Baker 
(1979) found that on a given night, the angle of orientation to a light trap by 
individual underwing moths, Noctua pronuba, was the same as the orienta
tion angle to the moon, and that the angle was individual-specific. Without 
knowing M. sexta's preferred flight heading with respect to luminous stimuli, 
or if M. sexta even maintains one, distinguishing between likely light orien
tation mechanisms will be difficult. We can say M. sexta likely incorporates 
open space hypothesis-like initial orientation (attraction towards light), fol
lowed by sustained circular flight, which could be generated by Mach band
like orientation, a light compass mechanism with orientation angles of ca. 
±90'>, or execution of a simple motor program that turns the insect in the di
rection ofthe eye most stimulated. 

Observing insect movement can provide insight into general mechanisms 
behind insect behavior. Despite the importance of understanding how stimuli 
affect patterns of movement, we know relatively little about the behaviors 
and natural movements of most insects. In this paper, we have described a 
simple technique for marking and recording activities of an insect under oth
erwise difficult conditions. Chemiluminescent tagging is a technique which 
has applications where inadequate lighting makes observation difficult. 
Though used here as a trailing marker, glowing tags could be affixed directly 
onto insects whose behaviors might dislodge a dangling tag. In addition to 
use in light sensitive video recording, the tags are bright enough to be useful 
for following large scale nocturnal movements of individuals in the field. 
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SEX-RELATED COLOR PATTERNS IN ElYTRAl VITTAE OF DIABROTICA V1RG1FERA 

V1RG1FERA (COLEOPTERA: CHRYSOMELIDAEj 


Louis S. Heslerl and Leslie Hammack2 

ABSTRACT 

We evaluated the color patterns of elytral vittae by sex in adults of Dia
brotica virgifera virgifera leConte. Our study examined >1000 beetles taken 
from a field population, a laboratory colony, and a reference collection con
taining 712 specimens from 15 ofthe United States and from the province of 
Ontario, Canada. The humeral and sutural vittae of each beetle's elytra were 
classified as being separate, partially confluent, or totally confluent with 
each other. The distribution of these elytral patterns was not independent of 
sex. Males tended to have confluent or partially confluent vittae, whereas fe
males largely had separate vittae. Nonetheless, all three patterns of elytral 
vittae were found in both sexes of D. v. virgifera, and many beetles of each 
sex had partially confluent vittae. This data shows that sexing D. v. virgifera 
beetles by simple examination of elytral vittae alone is unreliable. 

The western corn rootworm, Diabrotica virgifera virgifera LeConte, is a 
major pest of maize (Zea mays 1.) in the United States. Maize producers lose 
over $1 billion annually in control costs and yield reduction because of D. v. 
virgifera and other rootworm species such as D. v. zeae, D. barberi, and D. 
undecimpunctata (Metcalf 1986). 

Like other members ofthe genus, D. v. virgifera is sexually dimorphic ex
ternally (White 1977). Males are distinguished most reliably from females by 
the presence of an additional abdominal tergite (Krysan 1986). However, dis
tinguishing sexes based on the number of abdominal tergites requires exam
ining pinned or anesthetized specimens with lOx or greater magnification 
(Krysan 1986). 

Antennal characters also differ between the sexes of D. v. virgifera. Rela
tive antennal length is greater in males (nearly as long or longer than the 
body) than in females (X the body length) san & Smith 1987). Some ex
perienced workers use relative antennal Ie to differentiate the sexes su
perficially (Krysan 1986), but others are uncomfortable with their proficiency 
in using this character. 

Additionally, antennal flagellomeres 2 and 3 are equal in length in males, 
but in females flagellomere 3 is distinctly longer than 2 (Krysan & Smith 
1987). Like counting the number of abdominal tergites, sex determination 

lMedical Zoology Branch, U.S. Army Medical Department Center & School, Attn: 
MCCS-HPM, 3151 Scott Road, Ft. Sam Houston, TX 78234-6142. 

2USDA-ARS, Northern Grain Insects Research Laboratory, 2923 Medary Ave., 
Brookings, SD 57006-9401. 
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based on the length of flagellomeres requires examining pinned or anes
thetized specimens under magnification (Krysan 1986). 

Finally, elytral coloration differs purportedly between the sexes of D. v. 
virgifera (Gillette 1912, Tate & Bare 1946, McLeod 1992, Steffey 1993). Each 
elytron of D. v. virgifera has two piceous vittae, one along the humeral mar
gin and the other along the sutural margin (Krysan & Smith 1987). Puta
tively, in females the vittae are distinct, whereas in males the elytra are 
mostly piceous due to confluence of the humeral and sutural vittae (Gillette 
1912, Tate & Bare 1946, McLeod 1992, Steffey 1993). This supposed sexual 
dimorphism in elytral vittae might provide a simple and rapid way to sex D. 
v. virgifera. 

Krysan & Smith (1987) discussed the patterns of elytral vittae in D. v. vir
gifera but did not mention color pattern as a sexually based character. They 
did, however, mention that elytral vittae vary considerably in the virgifera 
subspecies, with gradations present in the degree of confluence (Krysan & 
Smith 1987). Substantial numbers of beetles with an intermediate color pat
tern of elytral vittae would invalidate a dichotomous method for sexing D. v. 
virgifera, unless the intermediate morphs were shown to be of one sex. 

However, the validity of sexing adults of D. v. virgifera based on a di
chotomy in elytral vittae is untested, except for a recent study in Virginia by 
Kuhar and Youngman (1995) that did not report the frequency of intermedi
ate morphs. In our study, we (1) determined the frequency and distribution of 
elytral color patterns between the sexes of D. v. virgifera in specimens from 
15 of the United States and the province of Ontario, Canada; and (2) tested 
the hypothesis that patterns of elytral vittae are independent of sex. 

MATERIALS AND METHODS 

Adult D. v. virgifera were obtained from three sources. First, beetles were 
collected from plants in three commercial maize fields in Brookings County, 
SD on 17 and 25 August and 9 September 1994. Each field was sampled on 
each date. Beetles were gently knocked off of maize plants from the ears and 
leaves into bottles that had been fitted with funnels. The beetles were taken 
to the laboratory and held in a freezer until they were processed. 

The second source of adult D. v. virgifera was a laboratory colony from 
the USDA Northern Grain Insects Research Laboratory (NGIRL), Brookings, 
SD. The colony was established with beetles collected from a maize field in 
Brookings Co., SD, in 1987. One hundred beetles (49 females and 51 males) 
were extracted from the twelfth or thirteenth generation of the colony over 
10 days during the period of adult emergence. 

The third source was a reference collection housed at NGIRL. Using this 
collection, we examined 712 specimens of D. v. virgifera from 15 of the 
United States (AZ, CO, lA, KS, MN, MT, ND, NE, NM, OH, OK, SD, TX, UT, 
WY) and from the province of Ontario, Canada (ON). From one to 141 speci
mens were examined per state or province. Beetles from each state were usu
ally collected from only 1-2 collection sites. At each site, beetles were gener
ally collected within the same year, and often within one week of each other. 

The elytral vittae of specimens from these three sources were examined. 
The vittae of each specimen were scored qualitatively as having (1) no or al
most no confluence (separate), (2) considerable, partial confluence (partial), 
or (3) total or nearly total confluence (confluent). Kuhar and Youngman 
(1995) drew six elytral patterns ranging from the most striped to the most 
solid pattern, and then combined the first three patterns into a "striped" cat
egory and the last three into a "solid" category. The first two (most striped), 
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middle two, and last two patterns shown in Kuhar and Youngman (1995) cor
respond to our separate, partial and confluent categories, respectively. After 
scoring the confluence of a particular specimen, its sex was determined by 
examining the abdominal tergites, antennae, or both characters under a 
stereomicroscope. Data from the reference collection were subjected only to 
descriptive statistics. Data from the field and colony populations were used 
to test the hypothesis that the distribution of elytral patterns is independent 
of sex (contingency chi-square test, Zar 1984). 

RESULTS AND DISCUSSION 

Data pooled from the three field populations of D. v. virgifera did not 
support the hypothesis that elytral patterns are independent of sex (Table 1; 
X2 =127.19, df 2, P < 0.005). Rather, the distribution of males was skewed 
toward the confluent and partial elytral patterns (31 and 28 of 75 males, re
spectively), whereas the distribution of females was skewed strongly toward 
the separate elytral pattern (201 of233 females). 

Similarly, data from the NGIRL colony did not support the hypothesis 
that elytral patterns are independent of sex (Table 2; X2 = 69.33, df =2, 
P < 0.005). Nearly two-thirds of the males in the colony (33 of 51) had the 
confluent pattern. The distribution of females was skewed opposite toward 
the separate pattern (40 of 49 females). No female sampled from the colony 
had a confluent elytral pattern. 

Similar trends were generally seen in specimens of D. v. virgifera from 
the reference collection (Table 3). Overall, slightly more than half (213 of 
382) of the males examined had a confluent pattern. The remainder of male 
specimens were distributed almost evenly between partial and separate pat-

Table 1. Distribution of patterns of elytral vittae in each sex of adult D. v. virgifera 
collected from commercial maize fields in Brookings County, SD, 1994. 

No. with indicated pattern 
Sex Separate Partial Confluent 

Males 16 28 31 

Females 201 26 6 


Elytral pattern was not independent of sex (X2 = 127.19, df = 2, P < 0.005). Data from 
three fields each sampled on different dates (17 and 25 August and 9 September) were 
pooled after establishing that field did not affect the proportions of the populations 
with the three elytral patterns (X2 : 3.87 and 7.44 for males and females, respectively, 
df: 4, P> 0.1). 

Table 2. Distribution of patterns of elytral vittae in adult D. v. virgifera sampled from 
a laboratory colony. 

No. with indicated pattern 
Sex Separate Partial Confluent 

Males 2 16 33 
Females 40 9 0 

Elytral pattern was not independent of sex (X2 69.33, df =2, P < 0.005). 
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Table 3. Patterns of elytral vittae of adult D. v. virgifera collected from various states 
and the province of Ontario. 

-
Elytral pattern 

. ..----~.--

State Sex Separate Partial Confluent 

AZ Males 0 0 1 
Females 21 3 3 

CO Males 3 0 3 
Females 5 1 0 

IA Males 1 0 0 
Females 4 1 0 

KS Males 5 5 48 
Females 30 3 6 

)'1N ).1ales 0 2 5 
Females 3 0 0 

MT Males 6 0 0 
Females 4 0 0 

ND Males 3 1 0 
Females 8 0 0 

NE Males 3 3 17 
Females 43 3 8 

NM Males 1 2 3 
Females 5 0 0 

OR Males 2 0 2 
Females 3 0 3 

OK Males 0 0 0 
Females 1 0 0 

SD Males 4 4 20 
Females 50 1 5 

TX Males 33 27 22 
Females 32 1 3 

UT Males 9 23 47 
Females 34 13 15 

WY Males 0 1 0 
Females 1 0 0 

ON Males 14 17 45 
Females 16 0 1 

TOTAL Males 84 85 213 
Females 260 26 44 
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terns (85 and 84 specimens, respectively). The distribution of elytral patterns 
in females was strongly skewed toward the separate pattern (260 of 330 fe
males). Twenty-six and 44 of the remaining 70 females had the partial and 
confluent patterns, respectively. Interestingly, a large proportion of males (33 
of 82, or 40%) from TX had a separate elytral pattern. Also, nearly half of the 
62 females from UT had either a confluent (15) or partial elytral (13) pattern. 

Our results show that elytral patterns of D. v. virgifera are not simple, 
dichotomous, and sex specific. Rather, our data show that all three elytral 
patterns are found in both sexes of D. v. virgifera and that the distribution of 
these patterns is geographically widespread. However, our results do show 
that the distribution of patterns of elytral vittae is sex-related: males tend to 
have confluent or partially confluent vittae and females largely have sepa
rate vittae. 

Our results contrast with previous publications that purport elytral color 
patterns in D. v. virgifera to be simple and sex specific (Gillette 1912, Tate & 
Bare 1946, McLeod 1992, Steffey 1993). Statements about elytral patterns in 
these publications may be oversimplifications of sex-related trends in the 
patterns of elytral vittae shown by our data. 

The results of our study both agree and contrast with those of Kuhar and 
Youngman (1995), who classified the elytral patterns of D. v. virgifera adults 
as either striped or solid. Consistent with our results, they found striped and 
solid elytral patterns in both sexes of D. v. virgifera in Virginia. They also 
found that the sex of striped beetles could not be determined accurately by 
simple visual inspection. However, they concluded that solid morphs could 
reasonably be considered males, as males comprised >98% of all solid 
morphs. In contrast, we found that about 15% of confluent morphs were fe
male in a geographically more diverse sample. 

Our results are relevant to pest management practitioners and re
searchers, who often need to determine the sex of large numbers of D. v. vir
gifera adults. For instance, knowing the percentage of female D. v. virgifera 
adults in maize fields at critical times may be important in implementing 
control measures that prevent egg-laying by this pest (Sutter and Lance 
1991). Also, the evaluation of semiochemicals and insecticides for D. v. vir
gifera sometimes requires sexing hundreds to thousands of adult beetles, be
cause the sexes can respond differently to such chemicals (Sutter et al. 1990, 
Hesler et aL 1994, Hammack & Hesler 1995). Thus, there is a need for a sim
ple and rapid method for sexing D. v. virgifera adults. However, because we 
have shown that elytral patterns are unreliable for accurately sexing D. v. 
uirgifera adults, we recommend examining abdominal tergites as the best al
ternative (Krysan 1986). 

ACKNOWLEDGMENTS 

Janet Fergen and Lana Dahl helped collect beetles and process the sam
ples. Jan Jackson assisted with the colony specimens. Lawrence Vander Wal, 
Dean Sanderson, and Solsaa Brothers Farms kindly allowed us to collect bee
tles from their maize fields. 

LITERATURE CITED 

Gillette, C. P. 1912. Diabrotica virgifera Lee. as a corn root-worm. J. Econ EntomoL 
5: 364-366. 

Hammack, L., and L. S. Hesler. 1995. Seasonal response to phenylpropanoid attrac



50 THE GREAT lAKES ENTOMOLOGIST Vol. 30, No. 1 & 2 

tants by northern corn rootworm beetles (Coleoptera: Chrysomelidae). J. Kansas En
tomoL Soc. 68: 169-177. 

Hesler, L. S., D. R Lance, and G. R Sutter. 1994. Attractancy of volatile non
pheromonal semiochemicals to northern corn rootworm beetles (Coleoptera: 
Chrysomelidae). J. Kansas EntomoL Soc. 67: 186-192. 

Krysan, J. L. 1986. Introduction: biology, distribution, and identification of pest Dia
brotica. In: J. L. Krysan and T. A. Miller (eds.), Methods for the Study of Pest Dia
brotica, pp. 1-23. Springer-Verlag, New York. 

Krysan, J. L., and R F. Smith. 1987. Systematics of the uirgifera species group of Dia
brotica (Coleoptera: Chrysomelidae). Entomography 5: 375-484. 

Kuhar, T. P., and R R. Youngman. 1995. Sex ratio and sexual dimorphism in western 
corn rootworm (Coleoptera: Chrysomelidae) adults on yellow sticky traps in corn. 
Environ. Entomo!. 24: 1408-1413. 

McLeod, M. 1992. Scouting adult corn rootworms-and why? South Dakota State Uni
versity Cooperative Extension Service. Field Facts 7(18}. 

Metcalf, R L. 1986. Foreword. In: J. L. Krysan and T. A. Miller (eds.), Methods for the 
Study of Pest Diabrotica, pp. vii-xv. Springer-Verlag, New York. 

Steffey, K. L. 1993. Be on the lookout for corn rootworm beetles. University of Illinois 
at Urbana-Champaign and Illinois Natural History Survey. Pest Management and 
Crop Development Bulletin 17:171-173. 

Sutter, G. R, and D. R Lance. 1991. New strategies for reducing insecticide use in the 
corn belt. In: B. J. Rice (ed.), Sustainable Agriculture Research and Education in the 
Field, pp. 231-249. National Academy Press, Washington, DC. 

Sutter, G. R, J. R Fisher, N. C. Elliott, and T. F. Branson. 1990. Effect of insecticide 
treatments on root lodging and yields of maize in controlled infestations of western 
corn rootworms (Coleoptera: Chrysomelidae). J. Econ. EntomoL 83: 2414-2420. 

Tate, H. D., and O. S. Bare. 1946. Corn rootworms. Nebraska Agriculture Experiment 
Station Bulletin 38l. 

White, R. 1977. Sexual characters of species of Diabrotica (Chrysomelidae: 
Coleoptera). Ann. Entomol. Soc. Am. 70: 168. 

Zar, J. H. 1984. Biostatistical analysis. 2nd ed., Prentice-Hall, Englewood Cliffs, NJ. 



THE GREAT LAKES ENTOMOLOGIST1997 51 

UNUSUAL SEX ALLOCATION IN A SOLITARY PARASITOID WASP, 

SPHAEROPTHALMA PENSYLVANICA (HYMENOPTERA: MUTILUDAE) 


Robert W. Matthews1 

ABSTRACT 

Sphaeropthalma pensyluanica reared from cocoons of the organ pipe mud 
dauber, Trypoxylon politum from Georgia over several years yielded only 
adult males. Possible explanations for this sex-biased emergence from this 
host are (1) obligatory heteronomous heterotrophy, in which the two sexes 
develop on entirely different hosts; (2) differential mortality in the immature 
stage, with female larvae dying during development; and (3) facultative size
dependent sex allocation, with female eggs laid only on hosts smaller than T. 
politum. 

Mutillid wasps are parasites of a diverse group of bees and wasps. Most 
mutillid females oviposit on the resting larvae of other insects, either in co
coons or in puparia. Adults are strongly sexually dimorphic. Females are 
wingless and covered with a dense pile of setae, forming the basis for their 
common name, "velvet ant". Males have wings and in general appearance are 
rather typical wasps (see Deyrup 1988). 

Sphaeropthalma pensyluanica (Lepeletier), ranges throughout southeast
ern United States west to Texas and north to Missouri (Krombein 1979). 
Comparatively little is known of its biology. Rau and Rau (1916) and Rau 
(1928) reported it to be a parasite of the common Missouri mud daubers, 
Sceliphron caementarium Drury and Trypoxylon politum Say, and Rau and 
Rau (1918) also reared it from mud nests of Auplopus (probablyarchitectus) 
(Pompilidae). The numbers and sexes reared were not indicated, except for a 
brief remark in reference to T. politum (1928, p.426) " ... on several occasions 
the mutillid parasite has been bred from the cocoons, but here too, like those 
of this species bred from Sceliphron nests, all were males". 

Krombein (1967) provided the most biological detail for S. pensyluanica, 
including photographs of the larva and host cocoon. Three twig-nesting 
species of Trypoxylon (Trypargilum) taken in trap nests were recorded as 
hosts of this species. The outermost cell of each of six nests was parasitized 
after a female S. pensyluanica gained access by chewing through the outer 
mud plug. Two males and one female were reared from three of these cells; 
the other three cells were subsequently parasitized by Melittobia sp. (Eu
lophidae). Krombein (1967) concluded that this mutillid species parasitizes a 
wide range of mud dauber hosts, but confines its attacks to those which store 
paralyzed spiders. 

More recently, Molumby (1995) extensively sampled T. politum nests 
from nine sites in Missouri and Louisiana. He reared a very low incidence 

1 Department of Entomology, University of Georgia, Athens, GA 30602. 



52 THE GREAT LAKES ENTOMOLOGIST Vol. 30, No. 1 & 2 

« 1%) of Sphaeropthalma (misidentified as Scolia) from three of the Mis
souri sites. Because he identified them as a species in which both sexes are 
winged, we can infer that his reared specimens also had wings and therefore 
were all males. Curiously, in the most thorough study of T. politum, Cross et 
al. (1975) report no mutillid parasites from several populations sampled in 
Alabama. 

I have sampled T. politum nests from several localities in the vicinity of 
Athens, Georgia over the past several years. During this time I have sporadi
cally encountered S. pensylvanica-parasitized cocoons, and have reared over 
two dozen individuals (vouchers deposited in the University of Georgia's P. 
W. Fattig Entomology Collection). Consistent with Krombein's (1967) finding, 
female S. pensylvanica invariably cover the oviposition opening in the host 
cocoon with a distinctive mud plug, and the parasite's cocoon is spun within 
the host cocoon (Fig. 1). The presence of the mud plug is a reliable external 
clue indicating parasitism by S. pensylvanica and in combination with a 
woven mesh tan cocoon inside the host cocoon, is absolutely diagnostic for 
this species. 

Consistent with Rau's (1928) observation, all 28 T. politum cocoons para
sitized by S. pensylvanica that I collected yielded only adult male S. pensyl
vanica. In the largest sample from a single site (Sandy Creek Park, Athens, 
GA, February 1989), 16 mutillid-parasitized cocoons from several nests each 
produced a male S. pensylvanica. This absolute male bias seems unlikely to 
be due to chance, and several possible alternative explanations exist. 

One possibility is that the two sexes obligatorily develop on entirely dif
ferent hosts as in the chalcidoid family Aphelinidae, a phenomenon termed 
heteronomous heterotrophy (Walter 1983). In one documented case, males 
develop in lepidopteran eggs, while females develop in scale insects in differ
ent microhabitats (Walter 1983). It might be that females of S. pensylvanica 
also hunt in different microhabitats, and that female offspring are produced 
from mud wasps that nest in more cryptic locations, such as those preferred 
by Auplopus or twig-nesting Trypoxylon. 

Figure 1. Trypoxylon politum cocoon (ca. 2 cm. long), opened to show the co
coon of the parasite Sphaeropthalma pensyluanica within. The central pale 
spot on the cocoon is a mud plug characteristically made by the parasite to 
fill her oviposition hole. 
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Another possible explanation might involve some sort of differential mor
tality occurring during the immature stage of development. In this scenario, 
female larvae would fail to thrive on T. politum hosts and die before matu
rity. Grosch (1948) has described an analogous situation for a braconid wasp. 

A third possible explanation is provided by the host size hypothesis. The 
offspring of many solitary parasitoid wasps develop on hosts that, like 
T. politum, will not continue to grow in size after the attack. Often, eggs pro
ducing (smaller) males tend to be laid in small hosts and eggs producing 
(larger) females are laid in large hosts (Charnov et al. 1981). Host size phe
nomenon may apply in reverse for mutillids, in which the winged males typi
cally are the larger sex. For a different mutillid species that attacks Microbe
mbix sand wasps, Mickel (1928) has shown that smaller host cocoons give 
rise to females, whereas larger cocoons of the same species produce males. 
Sex-biased size variation in mutillid wasps has been discussed by Deyrup 
and Manley (1986). 

An additional 58 males and 6 females of S. pensylvanica (none reared) 
are preserved in the University of Georgia Fattig Insect Collection. To the ex
tent that this collection represents a natural situation, these male-biased 
data could be explained in at least three ways. One is that S. pensylvanica 
sex ratios may truly be strongly male-biased. Alternatively, the sex ratio is at 
parity, but the sexes may occur in strikingly different habitats that have not 
been equally well collected. Because females are all much smaller than the 
smallest male (being typically about half as long), the combination of small 
size and cryptic habits probably make females more difficult to see and 
harder to collect, relative to the more conspicuous flying males. 

The T. politum cocoon is enclosed inside a mud cell and the mother mu
tillid wasp chews in from the outside without actually entering the cell com
partment, raising a question as to how the ovipositing female might assess 
relative host size. Furthermore, even within a given nest, the cocoon sizes of 
T. politum can be quite variable (Cross et al. 1975), so that one might expect 
to rear females from small cocoons and males from larger cocoons. However, 
for S. pensylvanica this decision could be made by a fixed "rule of thumb" in 
which hosts larger than some threshold size always receive unfertilized 
(male) eggs. Perhaps all sizes of T. politum cocoons exceed this threshold. 
The twig-nesting Trypoxylon from which Krombein (1967) reared a female of 
this parasite has much smaller cocoons than those ofT. politum. 

Obviously much more information and experimentation is needed in order 
to understand this male-biased sex ratio in S. pensylvanica reared from mud 
daubers. Data on population sex ratios, host location behavior, and responses 
to experimental manipulation of host size and relative abundance would help 
to reveal the basis for this apparent sex ratio bias in S. pensylvanica. 
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FIRST REPORT OF THE ALFALFA BLOTCH LEAFMINER (DIPTERA: 

AGROMYZIDAE), AND SELECTED PARASITES !HYMENOPTERA: 


EULOPHIDAE) IN MINNESOTA AND WISCONSIN, USA 


W.D. HIJtchison 1,2, P.K. O'Rourke l , D.W. Bartels l , E.C. BlJrkness1, 

J.c. LlJhman3, and J. Heard4 

ABSTRACT 

Alfalfa blotch leafminer, Agromyza frontella, has been a serious pest of 
alfalfa, Medicago sativa, in the northeastern U.S. and in eastern Ontario, 
Canada. Until recently, the western edge of the A. frontella distribution in 
the U.S. was limited to eastern Ohio. We document for the first time, the oc
currence of A. frontella in Minnesota and Wisconsin. Alfalfa stems damaged 
by A. frontella, based on adult feeding punctures, obvious blotched leafmin
ing or the presence of larvae, were first found in 3 northern Minnesota coun
ties during October, 1994. Infested counties included Lake of the Woods, 
Cook and Lake, all bordering western Ontario, Canada. In 1995, A. frontella 
was again found in Cook and Lake counties, where 99-100% of the stems, 
and 18-35% of the trifoliateS/stem, contained larvae or exhibited obvious 
feeding damage. In 1996, following a more expanded survey, a total of 11 and 
5 counties, in Minnesota and Wisconsin, respectively, showed some level of A. 
frontella feeding damage (stem samples ranged from <5 to 100% infested). 
Based on additional counties surveyed 11 October, 1996, where A. frontella 
was not found, we now have a reasonable estimate of the southern edge of 
the distribution in Minnesota and Wisconsin. A total of 2 and 6 A. frontella 
adults were identified from sweep-net samples taken from fields with obvi
ous feeding damage during 1995 (Lake Co.) and 1996 (Cook Co,), respec
tively. Three eulophid (Hymenoptera) parasites were reared from A. 
frontella-infested alfalfa stems collected during October, 1994 in Cook Co., 
Minn., including: Diglyphus begini, D. pulchripes, and Diglyphus sp., prob. 
isaea, all ofwhich are new records. Our hypothesis is thatA. frontella moved 
into Minnesota from Ontario Canada, via alfalfa hay purchased by northern 
Minnesota growers. 

The alfalfa blotch leafminer, Agromyza frontella (Rondani) (Diptera: 
Agromyzidae), was first discovered in the United States in 1968 (Miller and 
Jensen 1970) and in eastern Ontario, Canada in 1972 (Harcourt 1973). As of 
1981, the leafminer's distribution in U.S. alfalfa, Medicago sativa L., was 

lDepartment of Entomology, University of Minnesota, St. Paul, MN 55108. 
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3Minn. Dept. of Agric., Biological Control Program, Plato Blvd., St. Paul, MN 
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limited to the northeastern states, with the western edge of the distribution 
reaching eastern Ohio (Hendrickson and Plummer 1983). Losses by A. fron
tella in the northeastern U.S. were estimated to exceed $13 million annually 
(Hendrickson and Plummer 1983). Despite rapid expansion during the 
1970s, A. frontella was suppressed by a variety of introduced parasitic Hy
menoptera (Hendrickson and Plummer 1983). Although more than 20 species 
of parasites are known to attack A. frontella (Coote and and Ellis 1986), the 
braconid, Dacnusa dryas (Nixon), imported from western Europe (Drea and 
Hendrickson 1986), has clearly provided the most effective biological control 
of the leafminer in North America (Drea and Hendrickson 1986, Harcourt et 
al. 1988). The purpose of this paper is to document the: (1) current extent of 
a recent expansion of the leafminer's range into the upper midwestern U.S., 
(2) magnitude of A. frontella infestation levels in Minnesota and Wisconsin, 
and (3) incidence of selected parasites recovered from A. frontella in Min
nesota. 

MATERIALS AND METHODS 

Minnesota surveys for A. frontella were conducted during Sept.-Oct., 
from 1994-1996. Wisconsin counties were monitored only during 1996. Be
cause of time constraints, most samples were limited to fields bordering rural 
highways. At all locations, single-stem samples were taken to quantify feed
ing damage within each field; at selected Minnesota sites, sweep-net samples 
were taken to collect A. frontella adults for identification. Depending on al
falfa stand quality, a range of 10-100 single-stem samples were taken in 
each field by walking "Z"- shaped transects, with individual stems pulled at 
random along each transect. Stems were cut at the soil surface, placed in 
paper or plastic bags, and held in coolers for transport to the laboratory. Five 
sets of 20 pendulum sweeps (N=100/field) were taken in Minnesota alfalfa 
fields sampled in Cook and Lake counties during 1995 and 1996; samples 
were placed in plastic bags, returned to the laboratory and held in a freezer 
prior to identification of A. frontella adults. 

Stem samples were evaluated in the laboratory by recording the number 
of stems infested, with one or more leaflets showing at least one of the follow
ing: (1) presence of A. frontella maggots, (2) obvious "blotched" leafmining 
feeding damage, or (3) characteristic "pin-hole" feeding punctures made by 
adult A. frontella. Obvious feeding punctures and blotching damage were 
based on color photographs of A. frontella feeding behavior (Bereza 1979). 
The total number of infested trifoliates per stem was also recorded and de
fined as at least one leaflet per trifoliate infested with A. frontella maggots, 
showing obvious blotching damage, or adult feeding punctures. 

Adult A. frontella specimens, collected by sweep-net sampling, were iden
tified in 1995 and 1996 by comparison with A. frontella adult voucher speci
mens, previously identified in Ohio, using the following characters from 
Steyskal's classification (Steyskal 1972): arista-bearing antennal segment 
(=3rd) round, vs. elongate; subcostal vein distinct to costa-not joining R1 be
fore wedge-shaped area; halteres ivory white-not black, except on stalk; 
body and legs dully black-without yellow, metallic blue, or shiny black color; 
and 4 long pairs of dorsocentral bristles-other species often with 3 or less. 

Parasites of A. frontella were reared by placing alfalfa stems, infested 
with A. frontella, in water, within a 30 x 30 x 60 cm nylon-mesh sleeve cage, 
and allowing all parasites to emerge (from either A. frontella larvae or 
pupae), All Hymenoptera were preserved in 75% ethanol prior to identifica
tion. Voucher specimens of all parasites and adult A. frontella, obtained from 
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sweep-net samples, were placed in the Insect Museum, Dept. of Entomology, 
University of Minnesota, St. Paul, MN. 

RESULTS 

On 5 October 1994, we documented for the first time in Minnesota, high 
levels of A. frontella, averaging 50-100% of the alfalfa stems showing obvious 
feeding damage, adult feeding punctures, or the presence of one or more A. 
frontella larvae (data not shown). Infested counties included Lake of the 
Woods, Cook and Lake, all bordering southern Ontario, Canada. In 1995, A. 
frontella was again found in Cook and Lake counties (Table 1), where 99
100% of the stems, and 18-35% of the trifoliates/stem, contained larvae or ex
hibited obvious feeding damage. In 1996, following a more expanded survey, 
a total of 11 and 5 counties, in Minnesota and Wisconsin, respectively, 
showed some level of A. frontella feeding damage (Table 1, Fig. 1). Based on 
additional counties surveyed 11 October, 1996, where A. frontella was not 
found, we now have a reasonable estimate of the southern edge of the distrib
ution in Minnesota and Wisconsin (Fig. 1). A total of 2 and 6 A. frontella 
adults were identified from sweep-net samples taken from fields with obvi
ous feeding damage during 1995 (Lake Co.) and 1996 (Cook Co.), respec
tively. The present A. frontella distribution has now expanded into the fringe 
of major alfalfa production regions of central Minnesota, and is well into 
major production areas of western Wisconsin. 

Several eulophid parasites were reared from A. frontella-infested stems, 
taken from Cook Co. Minnesota, 5 October 1994. Identified parasites include: 
10 Diglyphus begini (Ashmead), 4 Diglyphus pulchripes (Crawford), and 3 
Diglyphus sp., prob. isaea (Walker), all of which represent new distribution 
records for Minnesota. 

DISCUSSION 

Despite earlier westward movements of A. frontella in N. America (e.g., 
Hendrickson and Plummer 1983), this report is, to our knowledge, the first 
documentation of A. frontella in Minnesota and Wisconsin. Because of the 
common practice of northern Minnesota growers to purchase alfalfa from 
Canadian suppliers, our hypothesis is that A. frontella likely entered the state 
as early as 1991 via alfalfa purchased in the Thunder Bay, and/or Rainey 
River, Ontario region. The primary grower with A. frontella-infested alfalfa in 
Cook Co., had purchased hay in Thunder Bay in 1991 and 1992, but not in 
1993, indicating A. frontella had successfully overwintered during 1992-1993 
and 1993-1994, prior to our Minnesota collection in October, 1994. The Thun
der Bay area has been known to harbor A. frontella infestations since 1991 (J. 
Heard, unpublished data). Unfortunately, unlike much of eastern Ontario, D. 
dryas has not yet become well established in western Ontario. 

Given the isolated, small A. frontella-infested fields « 5 ha each) sur
rounded by forests, it was initially surprising to see the high level of south
ward migration in 1996. However, Hendrickson and Plummer (1983) reported 
A. frontella migration rates of 48-80 kmlyr. Thus, a 200 km distance, e.g., 
from Cook to Chisago Co., Minn., over 2-3 yr, would not be insurmountable. 

Many studies have attempted to quantify the A. frontellalyield loss rela
tionship (for review, see Hendrickson and Plummer 1983). Conservative esti
mates from these studies indicate that yield losses typically average 5-7%, 
over a wide range of infestation levels. Based on these reports, Harcourt 
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Table 1. Incidence of A. frontella in Minnesota and Wisconsin alfalfa. 1995-1996 

Mean % Mean % Number 
City(C) or Stems Trifoliates of 

Sample County Township (T) Field Infested Infested Stems (n) 

Minnesota 
II Sep., 1995 Cook Grand Marais(C) 100 18.2 100 
11 Sep., 1995 Cook Grand Marais(C) 2 99 24.0 100 
11 Sep.• 1995 Cook Grand Marais(C) 3 100 35.4 100 
11 Sep., 1995 Lake Two Harbors(C) 1 100 30.2 100 
11 Sep., 1995 Lake Two Harbors(C) 2 100 31.5 100 
23 Sep., 1996 Cook Grand Marais(C) I 61 8.0 83 
23 Sep., 1996 Cook Grand Marais{C) 2 13 0.4 82 
23 Sep., 1996 Cook Grand Marais{C) 3 19 2.4 84 
23 Sep .. 1996 Lake Two Harbors(C) I 100 15.5 82 
24 Sep .• 1996 Pine Pine City(C) 1 98 \9.7 50 
1 Oct., 1996 Lake of the 

Woods Zipple(T) 1 96 27.1 25 
11 Oct., 1996 Benton Graham{T) 1 :55* --* 20 
11 Oct., 1996 Chisago North Braneh(C) 1 92 15.8 50 
II Oct., 1996 Isanti Dalbo(T) I 30 2.4 43 
II Oct., 1996 Isanti Pine Brook(T) 2 50 4.0 44 
11 Oct., 1996 Kannebee South Fork(T) 1 36 3.9 50 
1l Oct., 1996 Mahnomen Tembina(T) I 100 28.1 23 
II Oct., 1996 Mahnomen Tembina(T) 2 100 27.9 25 
11 Oct.. 1996 Mahnomen Popal Grove(T) 1 86 16.1 22 
II Oct" 1996 Mahnomen Beaulieu(C) I 95 15.6 21 
II Oct., 1996 Mahnomen Beaulieu( C) 2 30 3.1 20 
11 Oct.. 1996 Mille Lacs Foreston{ C) I 52 4.5 46 
II Oct., 1996 Mille Lacs Borghoim(T) I :55* --* 10 
II Oct., 1996 Morrison Two Rivers(T) :55* * 20 

WIsconsin 
24 Sep., 1996 Burnett Hertel(C} 100 37.8 23 
24 Sep .. 1996 Sawyer Ojibwa(C) 100 37.3 25 
11 Oct., 1996 Barron Almena(C) 100 20.2 45 
11 Oct.. 1996 Polk Lamar(C) 60 4.2 40 
18 Oct., 1996 St. Croix Somerset(C) 10 0.6 40 

*Fields with low A. frontella infestations: more extensive sampling was not possible because of 
poor, or recently planted alfalfa stands. 

(1983) concluded that 30% of the leaflets with blotched mining was a reason
able economic injury level. As indicated by our survey (Table 1), several fields 
in Minnesota and Wisconsin approached this level of damage. Though dam
age by A. frontella in a given field may not be critical, the loss incurred over 
several million hectares in the upper midwestern U.S. could be significant 
for the midwest dairy industry. Of particular concern for southern Minnesota 
and Wisconsin, is the possibility that A. {rontella may complete 3-5 genera
tions/yr at these latitudes (Guppy 1981), and potentially cause economic 
losses on each of the 3-4 cuttings. 

Given the recent movement ofA. frontella into new, major alfalfa produc
tion regions, and lack of evidence for D. dryas in Minnesota, we suggest a re
newed effort be made to release D. dryas in recently infested areas. Previous 
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Figure 1. Distribution of A. frontella, in Minnesota and Wisconsin, U.S., 
based on surveys conducted during Sept.-Oct., 1994-1996 (dark shading = 
counties positive for A. frontella for at least one of 3 yr; light shading =coun
ties surveyed in 1996, but A. frontella not found). 
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research in other regions of N. America has shown that D. dryas is the best 
long-term solution, with A frontella control usually complete within 5 yr of 
release (Hendrickson and Plummer 1983, Harcourt et al. 1988). In the in
terim, economic injury levels and sampling plans (Harcourt 1983) should be 
validated for A frontella in the midwestern U.S., to minimize unnecessary 
insecticide use, and avoid disruption of an increasingly effective biological 
control program for the alfalfa weevil, Hypera postica (Gyllenhall), in Min
nesota (Flanders et al. 1994). 
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NEW FOOD PLANTS AND FIRST WISCONSIN RECORDS OF PUBULIA 

MODESTA VAR. BRUNNEA (HEMIPTERA: MEMBRACIDAE) 


Andrew H. Williams1 

ABSTRACT 

Publilia modesta var. brunnea was found feeding on 14 species of Aster
aceae at three sites in three Wisconsin counties in 1994-1996. This is the 
first report of P. modesta using these plants and of its occurrence in Wiscon
sin, an eastward extension of its reported distribution. 

Until now, Publilia modesta var. brunnea Ball was unknown from Wis
consin. The distribution and habits of Membracidae in Wisconsin were stud
ied by Dennis (1951, 1952, 1969) and Dennis and Dicke (1953) who did not 
mention P. modesta. Dennis' collection of Membracidae was given to the Uni
versity of Wisconsin-Madison Insect Research Collection (IRC) and contains 
no Wisconsin specimens of this treehopper. Kopp and Yonke (1973) mapped 
its distribution, and their map did not include Wisconsin but did include 
neighboring Iowa. Publilia modesta var. brunnea was collected in the course 
of three prairie insect research projects now operating in Wisconsin. J. Lynch 
collected this species on Solidago rigida in a prairie restoration at Riveredge 
Nature Center in Ozaukee County on 13 September 1994, and B. Greenler 
collected it in this same situation there on 1 November 1994. 

METHODS & MATERIALS 

Publilia modesta was collected in a sweep sample in dry prairie at Hawk 
Hill in Dane County in The Nature ConservancylWI Dept. of Natural Re
sources Study 053 on 5 June, 1995. R. Christoffel collected P. modesta on He
lianthus pauciflorus at Bush Clover Prairie in Grant County on 4 September 
1995, in the course of the Prairie Insect and Spider Inventory of The Prairie 
Enthusiasts-Southwest Chapter. In 1995-1996, I pursued P. modesta at 
these sites to record its food plants, making 19 additional collections. 

All observations of P. modesta were vouchered by specimens: the 1994 
collections at Riveredge are housed there, the TNC/DNR specimen is housed 
at Wisconsin DNR, all others were deposited in the IRC. Representative 
specimens from each of the three sites were determined by K. G. A. Hamilton 
to be P. modesta var. brunnea (see Metcalf & Wade 1965). The only Wisconsin 
specimens of this treehopper in the IRC are those collected in this study. The 
Milwaukee Public Museum has several specimens of P. modesta collected by 
S. Borkin at Riveredge in September 1996. Literature was reviewed for infor

lDepartment of Entomology, University of Wisconsin, Madison, WI, 53706. 
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mation on food plants and distribution of P. modesta, and regional museums 
were checked for possible Wisconsin specimens. Plant nomenclature follows 
Kartesz (1994). 

RESULTS AND DISCUSSION 

This is the first report of P. modesta in Wisconsin. Publilia modesta var. 
brunnea was collected on 14 species of Asteraceae at three sites in three Wis
consin counties in 1994-1996. The three sites are distributed over the full 
width of the southern quarter of Wisconsin, making this a significant east
ward extension of the reported distribution of this species. It was found in 
1994 and 1996 at Riveredge, and in 1995 and 1996 at both Hawk Hill and 
Bush Clover Prairie. In 1996, the few found at Hawk Hill were on Solidago 
canadensis. Many were found at Riveredge in 1996, on Aster novae-angliae, 
Helianthus grosseserratus, Ratibida pinnata, Solidago canadensis, S. gigan
tea and S. rigida. Many P. modesta were found at Bush Clover Prairie in 
1995-1996, on Aster ericoides, A. laevis, A. lanceolatus, A. pilosus, Cirsium 
vulgare, Helianthus occidentalis, Liatris aspera, Ratibida pinnata, Solidago 
canadensis and S. rigida. All of these plants prefer open sunny habitats, es
pecially prairie, but this was the only habitat in which P. modesta was 
sought. These plants are native here, except for C. vulgare. Solidago 
canadensis and S. rigida were the plants most often used. This is the first re
port of P. modesta using these food plants. Kopp and Yonke (1973) listed, 
"Solidago sp., alfalfa, Helianthus sp., Iva sp., Artemisia sp., Viguiera longifo
lia, Glycyrrhiza lepidota, chrysanthemum, mesquite and white clover;" all in 
Asteraceae or Fabaceae. In this study, all 14 plants used are in the Aster
aceae. 

Publilia modesta was found both day and night, usually clustered on 
young stems, often in or near the inflorescence, or on veins on both upper 
and lower leaf surfaces. Ants vigorously defended P. modesta from the collec
tors' attacks on 18 of the last 20 observations reported here; twice groups of 
P. modesta lacked attending ants. At Bush Clover Prairie attending ants 
were Formica montana Emery and F. subsericea Say. On four of these last 20 
observations, at Riveredge and Bush Clover Prairie, P. modesta was closely 
associated with adults of Campylenchia tatipes (Say) as well as with ants on 
stems ofAster lanceolatus, Cirsium vulgare, Liatris aspera and Ratibida pin
nata. On two ofthese last 20 observations, both at Riveredge, P. modesta was 
closely associated with adults of P. concava (Say), its more locally abundant 
congener, as well as with ants on the stem of Solidago canadensis and clus
tered about veins on the undersides of leaves of Aster novae-angliae. Though 
the collection dates reported here span 5 June 1 November, almost all of 
the specimens were collected in late August and September. All specimens 
are adults. Nymphs, probably of this species, were also present in some 
cases, but none were reared to confinn their identity. 
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NOTES ON THE LIFE HISTORIES OF CHL05YNE [LEPIDOPTERA: 
NYMPHAUDAEj AND AGRYPON (HYMENOPTERA: ICHNEUMONIDAEj 

Andrew H. Williams1 

ABSTRACT 

Ambrosia trifida is reported for the first time as a larval food plant of 
Chlosyne nycteis. Chlosyne nycteis and C. harrisii are reported as hosts of 
Agrypon prismaticum and A. alpinum, respectively; the first report of wasps 
in Agrypon parasitizing species in Nymphalidae. 

On 1 August 1995, two last-instar larvae of Chlosyne nycteis (Doubleday 
& Hewitson) were found at Bush Clover Prairie, in Grant County, Wisconsin. 
The larvae were feeding on leaves of Ambrosia trifida (Asteraceae) in a dis
turbed area at the edge of woods. They fed on leaves ofA. trifida in the lab, 
where they later pupated. An adult butterfly emerged from one pupa on 13 
August 1995; an ichneumonid wasp, Agrypon prismaticum (Norton) emerged 
from the other on 28 August 1995. The wasp was determined using the key 
in Dasch (1984) (det. conf. J. Luhman 1996). 

In determining this wasp, other Agrypon wasps in the Insect Research 
Collection (lRC) at University of Wisconsin-Madison were studied, one of 
which shared a pin with a pupa similar to C. nycteis. This pupa was deter
mined as C. harrisii (Scudder) using keys in Scott (1986) and Mosher (1916), 
and by comparison with pupae of Euphydryas phaeton (Drury) and C. nycteis. 
Collection data are: "Barry Co., Mich., Yankee Springs, 15 June '69, L. J. 
Bayer, pupae on Cornus in marsh, em. 7 July '69." These are appropriate 
range, date and habitat data for C. harrisii. This wasp is Agrypon alpinum 
(Davis) (det. C. Dasch 1983). Plant nomenclature follows Kartesz (1994). 

DISCUSSION 

This is the first report of C. nycteis larvae feeding on the leaves ofA. tri
fida. Reported larval food plants include other composites Aster spp., A. 
puniceus, A. umbellatus, Helianthus spp., H. annuus, H. decapetalus, H. di
varicatus, H. strumosus, H. tuberosus, Rudbeckia hirta, R. laciniata, Sol
idago sp., and especially Verbesina altemifolia, V. helianthoides and V. vir
ginica (Scudder 1889, Forbes 1960, Ebner 1970, Tietz 1972, Ferris & Brown 
1981, Pyle 1981, Opler & Krizek 1984, Sedman & Hess 1985, Scott 1986, 
Heitzman & Heitzman 1987, Paulissen 1987, Iftner et al. 1992, Opler & Ma
likul 1992). Tietz (1972) lists Conyza canadensis and the possibility of Plan
tago sp., which more recent authors fail to mention. 

This is the first report of the ichneumonid wasps in the genus Agrypon 

IDepartment of Entomology, University of Wisconsin, Madison, WI, 53706. 
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parasitizing species in Nymphalidae. The literature (summarized in Dasch 
1984) documents various other families in Lepidoptera that include hosts 
suitable to Agrypon. 
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BOOK REVIEW 


ANNOTATED LIST OF ONTARIO LEPIDOPTERA, by J. C. E. Riotte. 1992. 
Royal Ontario Museum, Publications in Life Sciences, Miscellaneous Publica
tion. Royal Ontario Museum, 100 Queen's Park, Thronto, Ontario, Canada 
M5S 2C6. 208 pp. Soft cover, 15 x 22.5 cm. ISBN 0-88854-397-2. $19.95 
Canadian (about $16.00 U.S.) 

I was eager to review this publication. When I was a young person, first 
starting the pursuit of Lepidoptera, any literature that increased my knowl
edge was as valuable as the specimens I collected. Checklists were especially 
welcome. A primary purpose for the formation of The Ohio Lepidopterists so
ciety was to record the occurrence of Lepidoptera in Ohio. My ardent commit
ment to document Ohio's fauna over the past 20 years gives me insight into 
the work necessary to create and produce a publication of this type. My in
volvement with the Ohio Survey of Lepidoptera led me to work on a similar 
publication for Ohio, now in manuscript, thus my review of Riotte's work re
flects both my interests as a lepidopterist and my experience as the author of 
a similarly conceived publication. 

This publication is nicely prepared and visually pleasing. The photogra
pher of the handsome cover illustration is not credited. I was at first re
minded of early lists, such as J. B. Smith's contributions in The Insects of 
New Jersey (1910. Annual Report of the New Jersey State Museum Including 
a Report of the Insects of New Jersey 1909. MacCrellish & Quigley, State 
Printers. Trenton, New Jersey. 888 pp.) which gave me the feeling that Riotte 
was trying to emulate these long lasting and often looked-to works. Unfortu
nately, the Ontario book is perfect bound, which allows single sheets to fall 
out over time. It is unfortunate that Riotte's efforts are compromised because 
the publisher failed to have the book bound in signatures. 

The book begins with a routine Introduction. Included is a map of On
tario that identifies faunal regions based on climatic and geologic factors. 
The regions are nicely explained, although a key on the map would have 
helped. Additional maps show districts, counties, and selected municipalities. 
These place names are linked to the distributional descriptions in the check 
list. Because Lepidoptera are herbivores, I would like to have seen a phyto
geographic map to help explain distributions. The Materials and Methods 
chapter explains the sources of the data by collector, collection, publication, 
and date. The nomenclature and presentation ofthe data are described. 

The systematic arrangement of higher taxa in the List of Species gener
ally follows the R. W. Hodges et. al. Check List of the Lepidoptera ofAmerica 
North of Mexico (1983. E. W. Classey, Limited and The Wedge Entomological 
Research Foundation. Washington, D.C., 284 pp.). The Noctuidae are par
tially rearranged to follow Robert W. Poole's Lepidopterorum Catalogus (new 
series), Fascicle 118, Noctuidae (1989. E. J. BrillJFlora & Fauna Publications. 
Leiden, The Netherlands. 3 vols., 1,341 pp.): the species are listed alphabeti
cally; and no subspecies are given. No check list numbers are used, and au
thors, but not dates of description are given. Other deviations from the 



68 THE GREAT LAKES ENTOMOLOGIST Vol. 30, No. 1 & 2 

Hodges Check List are briefly explained in the check list. Many groups of 
moths are not included in the check list: Copromorphoidea (in part), Gele
chioidea, Tineoidea (in part), Thrtricoidea, and Yponomeutoidea (in part). 

The annotations vary considerably depending on group. Minimally, the 
annotation includes the recorded distribution of the species and common 
names, if previously published in P. Benoit's Noms Franr,;ais d'Insects au 
Canada avec Latins et Anglais Correspondants, 4ieme ed. (1975. Agriculture, 
Quebec. Quebec. 214 pp.). For two groups of moths aloidea and Noctu
idae-the annotations are limited to the occurrence of species in the four 
faunal regions. For these two groups, additional notes are sparingly added to 
cite: localities for species deemed interesting or extremely limited in distribu
tion; Ontario's type localities; and some synonymies. The annotations for 
other groups are expanded to include specific localities, museums that hold 
voucher specimens, dates of capture, number of generations per year, relative 
abundance, subspecies, forms, and the gender of the latinized name. There 
are no species' distribution maps. The publication concludes with Acknowl
edgements, Literature Cited, and Index of Scientific Names. 

Riotte included the most information about groups that appeal to the 
most lepidopterists, or for which the most information is known, e.g. 
Geometridae, which takes advantage of McGuffin's works on the Geometri
dae of Canada. For lepidopterists of Ontario and neighboring areas, Riotte 
partially filled a gap, but he missed the mark in the comprehensive treat
ment of Ontario Lepidoptera by not including all families. He excluded 
groups, mostly microlepidoptera, which he judged to be too poorly known. 
Thus his approach compiles existing information, but falls short of being de
finitive. Lepidopterists, especially microlepidopterists, are often frustrated 
by the lack of baseline data. The data in the collections of the Canadian Na
tional Collection in Ottawa, as well as other collections, should have been 
used to document the names, if not the complete ranges, of these insects in 
Ontario. A list of species, even if incomplete, is better than nothing, and col
lectors of small moths would be much better served. As it they have little 
to gain from this book. 

My last comment transcends the parochial school of lepidopterology. 
Many of us, including Riotte in his Introduction, note the loss of habitat and 
subsequent reduction in the number of species. Baseline data can be impor
tant tools in conserving biological diversity. Publications such as Riotte's can 
document the occurrence of species for future comparisons. Riotte should 
have expanded his search for data beyond institutional collections and pub
lished papers. The protocol of data collection for the Ohio Survey of Lepi
doptera demonstrated that private and individual collections are extremely 
important for documenting species' occurrences and abundance. Many 
species that occur in Ohio are not yet vouchered in institutional collections. 
The usefulness of Riotte's work is also impaired by his failure to describe how 
and where the data that he collected are filed. Are they on paper or computer 
files? Are they in his personal possession or in an institution? By including 
such information, Riotte would have assisted future researchers who may 
want to compare this relatively well known group of insects to other animals 
or plants. 

When I read lists, such as this one, 1 always wish authors had included 
more information. In this case, I feel that the Introduction and/or the Meth
ods and Materials were incomplete. Because Riotte did not fully document 
his methods, the thoroughness and completeness of his work cannot be 
known. For example, I was unable to determine how the author decided 
which synonymies to include, or why they were included. Poole (1989. Lepi
dopterorum Catalogus (new series), Fascicle 118, Noctuidae. op. cit.) syn
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onymized several genera with Apamea. Riotte followed Poole accurately, yet 
he only cited the synonymy of Trichoplexia. Riotte corrected the genus of the 
noctuid, Anterastria teratophora, but he did not move it to the Acontiinae. 

The prose needs more editing. Although I can surmise the intent of the 
phrase "moths suffer a more serious lack of material," it is our understand
ing or knowledge, rather than moths, that suffer. The mixture of complete 
and incomplete sentences in the annotations is inconsistent. 

In keeping with our desire to know more about the distribution of Lepi
doptera, Riotte's book fills an important niche. He lists many groups of Lepi
doptera, especially the ones that are important to most collectors, and he doc
uments their occurrence in Ontario, cites useful literature, and tells us 
where to find the specimens if needed for further study. His annotations will 
help many lepidopterists. My desire for these types of publications has not 
diminished over the years. As we continue to appreciate the importance of 
Lepidoptera in our struggles to reduce habitat destruction, conserve biologi
cal diversity, and protect our environment, books like Riotte's book become 
even more important. In spite of the book's deficiencies, I still recommend it 
as a useful reference. 

Eric H. Metzler 
The Ohio Lepidopterists 
1241 Kildale Square N. 

Columbus, OH 43229-1306 
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