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FACTORS AFFECTING ABUNDANCE OF ADULT KARNER BLUES 
(LYCAEIDES MELISSA SAMUELlSj (LEPIDOPTERA: LYCAENIDAE) 

IN WISCONSIN SURVEYS 1987-95 

Ann B. Swengel and Scott R. SwengeP 

ABSTRACT 

At 141 pine-oak barrens in central and northwestern Wisconsin, 3,702 
Karner blues (Lycaeides melissa samuelis Nabokov) were found in 81.1 hr of 
transect surveys during spring and 6,094 individuals in 116.6 hr during sum
mer. Adults offive other closely related lycaenids occurred with Karner blues. 
The percentage of Karner blue males (of sexed individuals) correlated nega
tively with advancing date within brood, exceeded 50% on peak date within 
brood, but showed wide variability on a given date. Karner blues occasionally 
occurred up to 800 m from the nearest larval host, or in tiny, isolated host 
stands. However, all individuals were within 3-5 km of other larger Karner 
blue populations. Karner blue abundance significantly increased with de
creasing latitude, increasing temperature, nearness to midpoint within brood, 
decreasing site canopy, increasing larval host abundance, and in summer com
pared to spring. Long-term monitoring sites showed dramatic but relatively 
similar fluctuations among broods (median of 2.8-fold change among ten 
brood pairs) that apparently varied by individual brood rather than season or 
year. Extensive dense host patches and dense Karner blues were in sites rep
resenting a diversity of management histories. 

Restricted to eastern North America, the Karner blue (Lycaeides melissa 
samuelis Nabokov) is federally listed as endangered in the USA and consid
ered extirpated in Canada (Andow et al. 1994). This butterfly has two fulllife 
cycles per year, feeds only on wild lupine (Lupinus perennis L.) (Fabaceae) as 
larvae range-wide, and overwinters as an egg. It has a rather narrow, gener
ally east-west range at the northern end of lupine range, from eastern Min
nesota through the Great Lakes states and southern Ontario to New England 
(Iftner et al. 1992, Bleser 1993, Dirig 1994, Packer 1994, Savignano 1994). In 
this paper, we present analyses offactors affecting Karner blue abundance on 
transect surveys. These results are useful for designing survey protocols and 
interpreting monitoring data. 

METHODS 

Transect surveys. Surveys occurred at 141 pine-oak barren sites in cen
tral and northwestern Wisconsin (43.5-46.8°N, 89.8-92.7°W). Sites were sam

1 909 Birch Street, Baraboo, \V1 53913. 
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pled because of their potential to support barrens-specialized butterflies. 
These sites represented a diversity ofownerships and land uses including gov
ernment or private conservation reserves; government-owned forest reserves 
for timber harvest, some burned by wildfire and some used as recreation lands 
for off-road vehicle trails; rights-of-way for highways and powerlines; and mil
itary reservation. 

We conducted transect butterfly surveys similar to the butterfly walk 
along like routes within each site each time (Pollard 1977, Swengel 1995, 
1996a). Nomenclature here follows Miller and Brown (1981), with English 
names after NABA (1995). All observed butterflies were counted and identi
fied to species, if possible. Karner blues were sexed, if possible, and their be
havior when first seen was recorded. A new survey unit was designated (to the 
degree practical) whenever the habitat along the route varied by (1) manage
ment (type and/or years since last treatment), (2) vegetation type (wet, mesic, 
dry, "extra dry" sand; all pine-oak barrens were "extra dry" sand type), (3) veg
etative quality based on diversity and abundance of native and exotic flora 
(undegraded, semi-degraded, highly degraded), and/or (4) estimated 
macrosite canopy of under- and overstory (grassland <10%, open savanna 
10-24%, closed savanna 25-49%, forest opening 50-75%; most but not all bar
rens had >9% canopy). A unit's management was coded based on the entire 
history of management observed or evident during the study, including com
binations (e.g., burn+mow). A unit was in a "diverse" site if it contained con
tiguous non-forested and uncultivated habitats both wetter and drier than 
mesic; otherwise the site was rated "uniform." For each unit, we recorded tem
perature, wind speed, percent cloud cover, percent time sun was shining, 
route distance, and time spent surveying. 

Statistical analysis. Analysis was done with ABstat 7.20 software (1994, 
Anderson-Bell Corp., Parker, Colorado). Statistical significance was set at 
p<0.05. Before analysis, based on plant development (timing of leafout, 
above-ground sprouting, flowering, and seeding), we adjusted the survey 
dates to about similar phenology as follows: 1987 +10, 1988 & 1991 +14, 1989 
0, 1990 -4, 1992 -14, 1993 -14 (through July) & -7 (after July), 1994 +4 
(through June), 1994 0 (after June), 1995 -16 (through June) & -9 (after 
June). In comparisons within unit over time (monitoring abundance fluctua
tions), the peak raw number observed per flight period (or "brood") was used, 
ifduring main flight period, since survey route within unit was held constant. 
1b allow valid comparisons among units, the survey totals were standardized 
into observation rates per hour per unit (i.e., an index of relative density). 
Units with Karner Blues were then categorized by rate into these four levels 
of density: >Olhr and <15lhr, ;:::15 and <35, ;:::35 and <65, and ;:::65. 

For the parametric tests including Pearson Product-Moment Correlation 
Matrix, analysis of variance (ANOVA), and stepwise linear regression, the 
tested values (dependent variable) were log-transformed first to meet para
metric assumptions better. ANOVA was used when valid analysis required 
only one or several independent variables. Stepwise linear regression allowed 
extensive multivariate analysis but assumed a progressive (correlative) effect 
for each independent variable. With most variables, this assumption was 
plausible (e.g., temperature, wind), while others could be manipulated to be
come a logical continuum (described below). But these continua are not nec
essarily the only valid ordination and regression would not necessarily detect 
a significant effect for bimodal or intermediate peaks. 

The first regression included these types of variables: geography (lati
tude, longitude), survey (N surveyors - usually 2 but occasionally the first au
thor alone, beginning time, time difference between beginning time and 12:00 
CST, calendar and phenological date), unit (quality, canopy, site diversity), 
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weather (percent sunshine, average temperature, average wind speed), flight
period (difference between survey date and midpoint of flight period ob
served in entire study as calendar and phenological dates; season - spring or 
summer); year (calendar, ranking of annual fluctuation - explained below), 
and management (unintrusiveness - explained below). The annual fluctua
tion variable ranked the years of survey data (if >2 units) based on mean un
weighted observation rate in all units that year. Management types were or
dered with consecutive codes along this continuum of intrusiveness: nothing 
long-term, recreation (vehicle trailsides), mowing, timber cutting, wildfire, ro
tational fire. Mixed managements (e.g., burn+mow) were placed between both 
types. . 

The second regression added two lupine variables: lupine "core" (3=unit 
in large landscape context of abundant lupines with numerous other lupine 
patches within 2 km; 2=on edge of such a core or in a smaller landscape area 
of lupine, with several lupine patches within 2 kIn; l=isolated lupine patch) 
and relative lupine abundance based on these categories and arithmetic 
ratios: superabundant (100,000), abundant (10,000), common (1000), uncom
mon (100), rare (10), and absent. Some sites were categorized based on de
scriptions in Bleser (1993) and Leach (1993); values were unavailable for 
some sites. 

The third regression added two management variables: age class (years 
since last treatment, if known) and an intensity index calculated as the un
intrusiveness code x (age class+1). Age classes were coded as 0 (treatment 
since last growing season), 1, 2, and so on. For rotational fire, age classes >4 
were lumped as 5+. Wildfire age classes ranged from 4 to 18, with >14 lumped 
as 15+. "Nothing" was coded as 20+, with no age class exceeding that. The 
third regression also added two lupine variables: lupine patch size and vol
ume (relative abundance x patch size). It was difficult to define discrete sites 
(and therefore their size and lupine characteristics). The full extent of some 
lupine patches was inadequately demarked because of their large size and 
spotty occurrence. The fourth regression added one lupine variable: lupine
uniformity (l=very patchy to 4=very uniform). 

RESULTS 

During spring, we counted 3702 Karner blue individuals (2581 males, 941 
females, 180 unsexed) in 81.1 hr and 141.5 km oftransect surveys at 293 units 
and 6094 individuals (3929 males, 1846 females, 487 unsexed) in 116.6 hr and 
225.3 km at 386 units during summer. Both actual (raw) survey totals and ob
servation rates were valuable indicators of population size, as these correlated 
very strongly (r=0.906, N=679, p=O.OOOO). In regression, the number of sur
veyors showed a highly significant but unsurprising positive covariance with 
Karner blue rates (Table 1). 

Flight period and sex ratio. The most strongly significant variable con
cerning adult timing was nearness to flight period midpoint in calendar date 
(Table 1), indicating a strong spike in numbers mid-flight. Season was signif
icant in three of four regressions, with the rate tending to be higher in sum
mer (Table 1), as shown in Shapiro (1974). Combining our survey data from 
years of more thorough date coverage with those from other sources, the 
spring flight has varied among the years in start date between 18 May and 1 
June (Table 2), with peak date between 29 May and 14 June, and end date be
tween 18 and 30 June (Table 2). During summer, the start date was 4-27 July, 
peak date 24 July-5 August, and end date 18 August--6 September (Table 2). 
Span within brood was 26-35 days in spring (summer 25--60), with the dura
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Table 1. Results of stepwise linear regressions of Kamer blue observation rates (per hour, log-transformed) by 18 survey and site vari
ables plus (1) one management variable, (2) one management and two lupine variables, (3) three management variables and four lupine 
variables, and (4) three management and five lupine variables. See "Methods" for specific variables. Variables with no significant re
sults are not listed. 
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-0.413 
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Lupine core 
Wind 
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10 
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+0.067 

0.004 

0.069 
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+0.093 
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Vegetative quality 11 +0.066 0.073 
Lupine abundance 11 +0.100 0.014 
Time of day 12 +0.063 0.075 12 +0.073 0.077 
% sunshine 6 -0.208 0.000 
Habitat diversity 8 +0.092 0.094 2: 
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Table 2. Flight period details observed for the Karner blue: closest 1-2 survey dates in habitat and range before and after flight period, -0 
-0 

fIrst and last dates adults were observed (a second date, marked *, is provided from Bleser [1993] ifit increased the span of the flight 0

period), first and last dates mating pairs were observed, peak date (when the most adults were seen), mean ± sn of percent males (m) 
out of sexed individuals on peak date, span of flight period, and years of markedly advanced (fast) and retarded (slow) phenology. 

surveys fIrst peak date last flight 
before first mating peak: mean mating last 

date date %m±Sn date 

Spring 
1990 

1991 

24 May 

15 May 
20 May 

6Jun 
28 May* 
23 May 29 May 77.2±13.2 

28 Jun* 
7 Jun 

18 Jun* 

31 
15 
26 

fast 
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I 
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;;0 

1992 20 May 
21 May 

26 May 2 Jun 2Juu 74.1±16.1 10Jun 
30 Jun* 

15 
35 

slow m 
~ 

1993 

1994 

19 May 
27 May 
17 May 
20 May 

1 Jun 

22 May 31 May 

22Jun 

6Jun 

60.0±17.9 

66.0±16.2 

22Juu 

6 Jun 

22 Jun 

15Jun 

21 

24 

slow 

fast 

~ 
7\ 
m 
(j') 

m 
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1995 

all 

29 May 
30 May 

31 May 

22 May 31 May 

14Jun 

2Jun 

76.4±21.2 

70.8±18.8 22Jun 

14Jun 

30 Jun* 

14 

39 

slow 0 
3: 
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Summer 
1989 
1990 28Jun 

5 Jul 
20 Jul 1 Aug 53.4±15.8 

18 Aug 
1 Aug 

44 
12 

5 
G>
u; 
-i 

10 Aug* 21 
1991 12 Jul 12 Jul 24Jul 51.2±14.7 24Jul 24Jul 32 fast 

4 Jul* 19 Aug* 46 
1992 27 Jul 4 Aug 5 Aug 68.1±29.0 5 Aug 21 Aug 25 slow 
1993 26 Jul 26 Jul 3 Aug 79.8±20.9 4 Aug 4 Aug 9 slow 
1994 8Jul 18 Jul 27 Jul 59.1±15.8 3 Aug 6 Sep 60 19 Sep fast 
1995 19Jul 21 Jul 2 Aug 56.0±21.3 2 Aug 22 Aug 34 5 Sep slow 
all 4 Jul* 12 Jul 27 Jul 61.1±17.9 5 Aug 6 Sep 64 

-0 
'.I 
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Table 3. Summary information on blue flight periods within known Karner blue range 
in Wisconsin. Dates marked with * come from Kuehn (1983), Nielsen (1984, 1986), and 
Ferge (1990, 1991). 

first peak last 
date date date 

Karner blue 18 May* 27 Jul 6 Sep 111 
Eastern tailed-blue 10 May 22 Aug 19 Sep 132 
Western tailed-blue 22 May* 25 May 3 Jun* 9 
Reakirt's blue 29 Jun* 17 Jul 19 
Silvery blue 9 May* 25 May 3 Jun 25 
Spring azure 28 Apr 3 Aug 6 Sep 131 

tion from first spring date to last summer date ranging among years from 87 
to 107 days (Table 3). The longer flight continuing after peak in summer may 
explain the significant negative correlation for date (month-day) in regression 
(Table 1). Although phenologically adjusted variables showed no significant 
effects in regression (Table 1), beginning, peak, and end dates appeared to 
vary among years in correspondence to phenological advancement or retarda
tion (Table 2). 

Five other blue species occurred in sites with Karner blues, all overlap
ping in adult flight timing (Table 3). The vagrant Reakirt's blue, Hemiargus 
isola (Reakirt), occurs sporadically in Wisconsin while the resident western 
tailed-blue, Everes amyntula (Boisduval), overlaps with Karner blues in Wis
consin only in their northwestern-most range (Opler and Krizek 1984). Found 
throughout the Karner blue's Wisconsin range (Opler and Krizek 1984), the 
silvery blue, Glaucopsyche lygdamus (Doubleday), appears scarce in central 
Wisconsin but regular and widespread in northwestern Wisconsin. The east
ern tailed-blue, Everes comyntas (Godart), and spring azure, Celastrina ladon 
(Cramer), are frequently encountered and overlap broadly with the Karner 
blue in space and adult timing (Table 3). Both C. l. ladon (Cramer), 
single-brooded in spring, and C. 1. neglecta (W. H. Edwards), multiple-brooded 
later in spring through summer, occur here and may be sister species (Wright 
1995), but these two taxa overlapped in flight period and were not distin
guished in the field. However, no C. ladon individuals were observed after 
May in two years (1992, 1995), implying that only C. l. ladon were found those 
years. In northeastern Wisconsin, outside the scope of this study, Karner 
blues have been documented within the range of a sixth species, the northern 
blue, Lycaeides argyrognomon nabokovi Masters (Bleser 1993). 

The percentage of males (out of sexed individuals) correlated negatively 
with both calendar date and phenological date, more strongly with the latter: 
r=-O.290 and -0.355 respectively in spring (N=210 units and 2581 males out 
of 3522 sexed individuals); r=-O.335 and ~0.354 in summer (N=290 units and 
3929 males out of 5775 sexed individuals); p=O.OOOO for all (Fig. 1). Leach 
(1993) also found that percent males decreased as each brood progresses. Sex 
ratio varied greatly within a particular date (Fig. 1), always exceeding 50% 
males on peak date (Table 3). We observed 88 individuals in mating pairs, 
most on or before the date of peak observed numbers (Table 2).

Brood fluctuation. Regression showed significant effects for the annual 
fluctuation ranking and year (Table 1), suggesting strong variation among 
years. Fluctuations observed by independent Wisconsin research teams 
(Bleser 1993, Welch 1993, this study) displayed, despite high variance among 
sites, similarly shaped graphs (Fig. 2), with the only marked difference out of 
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Flight Period 

Figure 2. Mean ± SE of highest survey total for Karner blues observed per 
brood at sites surveyed each brood. Swengel team: N=3 sites in 1990, 5 in 
1991,8 during 1992-95, all in Jackson and Wood Counties. Welch team: N=2 
sites in Portage County, Wisconsin, data from Bleser (1993) and Welch (1993). 
s=spring, x=summer. 

six comparable broods in summer 1992. Twice in the Swengel surveys (Fig; 2), 
a strong generally upward trend occurred through four broods, from spring 
1991 to summer 1992 and from spring 1993 to summer 1994. The tendency in 
regression for density to be lower in spring than summer is apparent here 
also, for the two sharpest drops occurred in spring (1993, 1995). However, this 
pattern is highly variable, for twice, in 1992 and 1994, the spring brood was 
at similar or slightly greater levels than the previous summer. The fluctua
tions in the Swengel surveys were highly significant, by season (p=0.0031) 
and year (p=0.0028) in two-wayANOVA and by individual brood (p=0.0012) in 
one-way ANOVA. Thus, seasonal, annual, and individual brood effects were 
all apparent in the brood fluctuations. The bivoltine species graphed in Pol
lard and Yates (1993: 63) showed a stronger pattern ofseasonal effect (and rel
atively less individual brood effect), since the spring index was always lower 
than the summer during 1976-91 for these three species. 

To measure the amount of fluctuation Karner blues exhibited, we used the 
mean in Fig. 2 (Swengel team) as the brood index. We then calculated how 
manyfold was the variation between each pair of consecutive broods. In terms 
of absolute value (regardless of increase or decrease), the median fluctuation 
was 2.8-fold for all consecutive brood pairs (range 1.7 to 20.9), for spring (reI
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ative to previous summer) 3.7-fold (2.0 to 20.9) and summer (relative to pre
vious spring) 2.8-fold (1.7 to 8.6). By contrast, the overall mean Karner blues 
observed in all spring surveys was 45.2Ihr, in summer 70.6Ihr, only a 1.6-fold 
difference. Including direction of change (increase or decrease), the median 
fluctuation was 1.7-fold for all consecutive brood pairs (range -20.9 to 7.0), for 
spring (relative to previous summer) 1.5-fold (-20.9 to 4.0) and summer (rel
ative to previous spring) 1.9-fold (0.65 to 7.0). The spring brood showed a 
wider range of fluctuation, with enough increases for the median to be posi
tive, but with the declines steeper than the increases. The summer brood var
ied among the years from relatively small to considerable increases. 

One-way ANOVAs testing these amounts of fluctuation showed no effect 
for site (p=0.4533) or season (Le., spring vs. summer) (p=0.2650), a near-sig
nificant effect for year (p=0.0601), and a highly significant effect for individ
ual brood (independent of year and season) (p=0.0005). This indicates that, 
despite high variability in survey results, the different sites fluctuated over
all in generally similar patterns that apparently operated at the level of the 
individual brood rather than the season or the year. 

Weather. Karner blue rates showed a strong positive covariance with 
temperature in all four regressions (Table 1). The other weather effects were 
surprising and hard to explain: wind produced a less pronounced but signifi
cant positive effect and percent sunshine a significant negative effect. A 
mildly positive but non-significant covariance with time of day occurred in the 
first and third regressions. Active Karner blue adults were observed in tem
peratures ranging from 13 to 35°C and from 06:51 to 18:18 CST. 

Dispersal. Our surveys did not directly study Karner blue dispersal, but 
some indirect observations are possible. Like others (e.g., Bleser 1993, Leach 
1993, Welch 1993), we occasionally observed Karner blues away from lupine: 
12 summer adults (11 males, 1 female) mudpuddling and nectaring about 400 
m from lupine, three summer males mudpuddling in a mucky trail apparently 
about 800 m from the nearest lupine patch, and ten summer adults (3 males, 
7 females) mudpuddling and nectaring along a dirt road through a wet forest 
up to 650 m from the nearest lupine. Small numbers of feeding Karner blues 
of both sexes also occurred on the edges of lupine patches, seemingly follow
ing nectar and mud away from the patch. In three places Karner blues oc
curred in lupine patches too tiny and isolated to support a viable population. 
One spring male perched along a trail in dense forest near about 300 lupines, 
with about 50 lupines ca. 80 m to the east, with no other known lupines within 
1600 m. Two spring (1 male, 1 female) and eight summer (5 males, 3 females) 
adults were in tiny lupine clumps about 650 m south of the main lupine patch. 
One summer male occurred among several dozen lupines along a railroad, 
with no other known lupines within 1600 m. Most but not all of these obser
vations occurred in 1991-92 and 1994, years of high Karner blue numbers 
(Fig. 2). Yet in this study all Karner blues occurred within 3-5 km of other 
Karner blue sites, although areas further away were also surveyed. 

Habitat and management. Known Karner blue distribution in Wiscon
sin (Bleser 1993, this study) forms a generally southeast to northwest band 
similar in location to but slightly wider than the tension zone for range limits 
of southern and northern plants (Curtis 1959). Within this range and at sites 
with the sandy soil required by lupine, Karner blues occurred in a variety of 
relatively natural and human-disturbed sites. The most significant habitat 
factor was latitude (negative) (Table 1). It is unclear whether this relates to 
climate/edge of range or extent of suitable habitat (greater in central vs. 
northwestern Wisconsin) or habitat/management differences between these 
two areas. The next most important factor was canopy (negative), consistent 
with other studies and corresponding to lupine's preference (Dirig 1994, Lane 
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Table 4. Number of sites containing unites) with dense lupine (relative abundance "com
mon" or greater, with ~0.8 ha patch size) and number of units and sites with high-den
sity Karner blues (rate~65Ihr with survey time;;:0.25 hr), by management category. 
Some sites are double-counted because of differing management among units or among 
years. 

Karner Blue Transect Surveys 

dense N High Density All 

lupine sites N N N N 
sites assessed units sites units sites 

nothing 3 10 7 1 38 10 
mowing 7 55 16 4 211 58 
nrixed cutting 1 14 10 3 52 15 
forestry 2 5 0 0 11 7 
wildfire 8 19 12 6 143 20 
wildfire+other 1 10 8 6 47 22 
rotational fire+cut 1 1 0 0 1 1 
rotational fll'e+mow 6 15 1 1 73 15 
rotational fire 6 8 10 1 81 8 
recreation 1 1 2 1 9 1 

1994, Bidwell 1995). Lupine "core" and abundance each produced one highly 
significant positive effect, consistent with the positive effects of patch prox
imity and lupine density in other studies (Savignano 1994, Bidwell 1995). 
Vegetative quality and diversity produced non-significant positive covari
ances. Savignano (1994) and Bidwell (1995) found lupine patch size to be sig
nificant, while this study, with its cruder measure of this factor, did not. 

No management variables produced significant effects in regression 
(Table 1). Extensive dense lupine and Karner blues occurred in sites repre
senting a diversity of management histories (Table 4), as reported elsewhere 
in Wisconsin (Bleser 1993, Bidwell 1995). Karner blues typically produced fa
vorable numbers at sites treated with rotational fire alone or in combination 
with other managements (Table 5), even though burning greatly reduces lar
val numbers (Swengel 1995). These management fires did not burn all lupine 
stands in an occupied area, usually rotated over 3-4 years or more, and oc
curred in the context of multiple Karner blue populations in the vicinity. A va
riety of other managements also produced substantial Karner blue rates 
(Table 5). In particular, mowing often produced rates similar to those at sites 
in conservation management (i.e., rotational fire). This was especially appar
ent for mowed sites with lupine abundance and patch size at least at the min
imum values found in the rotationally burned conservation sites. 

DISCUSSION 

Flight period statistics in this study agree with the flight graphs in 
Shapiro (1974) and Iftner et al. (1992), except the latter's summer' ended 
by mid-August, probably reflecting lower detectability in that st y's fewer 
and smaller populations. The generally longer but more variable span for 
summer flight suggests the possibility of a partial third brood in years of 
longer growing seasons, such as 1994 (Table 2), but a partial third cannot be 
distinguished from a more asynchronous and protracted second brood in this 

http:time;;:0.25
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Table 5. Percent Karner blue individuals ("ind"), percent survey hours during Karner 
blue flight period, and weighted observation rate (total individuals/survey hours) by 
management category for Burnett County and Central Wisconsin. GL=good lupine 
patch (relative abundance uncommon or greater and patch size ;::0.8 ha, the minimum 
characteristics of rotationally burned units). 

SPRING FLIGHT SUMMER FLIGHT BOTH FLIGHTS 

% Ind %Hr Rate %Ind %Hr Rate % Ind % Hr Rate 


Burnett County 
forestry 0.6 3.4 2.4 
mixed cut 0.1 1.1 0.0 
mowing 16.4 15.8 13.3 
mowing, GL 5.0 1.4 46.8 
rotational fire 43.2 37.2 14.9 
rotational fire+mow 39.7 42.5 12.0 

Central Wisconsin 
forestry 0.0 0.4 0.0 0.4 0.8 30.0 0.2 0.6 21.6 
mixed cut 8.2 13.2 29.7 13.8 13.4 65.1 11.6 13.3 49.3 
mowing 27.9 35.0 38.3 24.9 26.1 60.1 26.1 30.1 48.7 
mowing, GL 22.8 25.3 43.3 20.5 20.5 62.9 21.4 22.6 53.1 
nothing 14.1 7.3 93.2 5.1 6.8 46.5 8.5 7.0 68.1 
recreation 1.3 2.5 25.8 3.8 2.5 96.6 2.9 2.5 64.5 
rotational fire 22.6 9.5 115.1 21.4 17.6 76.6 21.8 13.9 88.3 
rotational fire+cut 0.3 0.6 23.1 0.1 0.3 23.1 
wildfire 24.2 26.9 43.2 17.5 19.3 57.0 20.1 22.7 49.7 
wildfire+trail 1.4 4.6 14.8 13.1 13.5 61.3 8.6 9.5 51.2 

dataset. Many factors potentially affect sex ratio, so that sex ratio does not 
provide a simple ordination of a given survey's timing relative to peak date. 

Our observations related to dispersal agree with typical descriptions of 
Karner blues as localized near lupines, with dispersal rarely>1 km from their 
habitat patch, and flying in a weak, low, circling pattern (e.g., Iftner et al. 
1992, Bleser 1993, Leach 1993). While Karners can and do move away from 
their lupine patch and colonize new sites, they apparently do so primarily in 
low numbers and over relatively short distances (Welch 1993). It is unclear 
yet whether or how much this dispersal tendency may be affected by the con
siderable variation in the species' abundance among broods. 

Rotational fire is the management preferred by conservation agencies 
(many papers in Andow et al. 1994). In this study, alternative managements 
rarely occurred on conservation lands except in combination with rotational 
fire. Swengel (1996a) identified five factors affecting butterfly response to fire 
management. For three, the Karner blue has unfavorable characteristics: eco
logical niche (specialized), vagility (low), and location during fire (above 
ground as eggs or larvae in litter). For two others, the Karner blue has favor
able characteristics: voltinism (>1 generation per year) and response of key 
plants (established lupines are fire increasers) (Dirig 1994, Grigore and 
Tramer 1996). Nonetheless, the Karner blue's response to fire management 
(with case histories described in Swengel 1994) was much more favorable 
than for many other midwestern butterflies specialized to the herb layer 
(Swengel 1996a), including the sympatric, lupine-feeding frosted elfin (Swen
gel 1996b). These results suggest that, given adjacent unburned refugia as 
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sources for recolonization and several years to re-establish, a favorable plant 
response and a second generation per growing season contribute greatly to 
ameliorating the Karner blue's response to fire management. 

Opportunities to study management without rotational fire mostly oc
curred in timber reserves and rights-of-way. Since these treatments were not 
designed for conservation objectives, they may underestimate their value 
when designed specifically for conservation. Nonetheless, these alternative 
managements (especially mowing) show considerable promise for maintaining 
appropriate habitat occupied densely by Karners. Furthermore, these alter
native managements appear more effective at maintaining other sympatric 
butterfly species of conservation concern than burning (Swengel 1996b, 
Swengel 1997). 

Despite the Karner blue's relatively narrow range and specificity to wild 
lupine as larval host, this butterfly occurred in a wide variety of sites and 
managements compatible with lupine's occurrence. Monitoring the status of 
this butterfly requires wide sampling over many years because of its strong 
variability in abundance relative to peak date and brood fluctuations, as well 
as shifts in brood timing and length among years. 
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NEW RECORDS OF STONEFLIES IPLECOPTERA} WITH AN ANNOTATED 
CHECKLIST OF THE SPECIES FOR PENNSYLVANIA 

E.C. Masteller1 

ABSTRACT 

Original collections now record 134 species in nine families and 42 gen
era. Seventeen new state records include, Allocapnia wrayi, Alloperla cau
data, Leuctra maria, Soyedina carolinensis, Tallaperla elisa, Perlesta decipi· 
ens, P. placida, Neoperla catharae, N. occipitalis, N. stewarti, Cult us decisus 
decisus, Isoperla francesca, 1. frisoni, 1. lata,1. nana, 1. slossonae, Malirekus 
hastatus. Five species are removed from the list ofspecies for Pennsylvania. 

Surdick and Kim (1976) originally recorded 90 species of stoneflies in 
nine families and 32 genera from Pennsylvania. Since that time, Stark et al. 
(1986) reported 94 species, Stewart and Stark (1988) listed 95 species, and 
Earle (1994) added 14 species and deleted four species as misidentifications. 
Grubbs (1996) reported three new state records bringing the total species for 
Pennsylvania to 117. One-hundred-thirty-four species of stoneflies are now 
confirmed for Pennsylvania (Masteller, 1996). This includes 16 species of 
Capniidae, 13 species of Leuctridae, 16 species ofNemouridae and 10 species 
of Taeniopterygidae in the Euholognatha. In the Systellognatha, the Chlor
perlidae are represented by 15 species, Peltoperlidae four species, Perlidae 
25 species, Perlodidae 30 species, and the Pteronarcyidae five species. The 
county records for all Pennsylvania stonefly species can be found on the 
WWW at Penn State Erie, The Behrend College's site (http://www.pserie. 
psu.edul.), biology faculty under my name. 

Pennsylvania, with 67 counties (Figure 1) covers an area of 117,412 
square kilometers (Guilday,1985). The eastern border is located at approxi· 
mately 74'43' W longitude and extends to 80'31' W on the western border. 
The southern border is located at 39' 43' latitude and approximately 42' N on 
the northern border. Fenneman (1938) divided the land surface of North 
America into 20 physiographic provinces. Berg et al. (1989) have developed a 
physiographic province map for Pennsylvania with seven major physio
graphic provinces: (1) Central Lowland (2) Atlantic Coastal Plain (3) Blue 
Ridge (4) New England (5) Ridge and Valley (with 2 subdivisions) (6) Pied
mont Province (with 3 subdivisions) and (7) Appalachian Plateaus (with 7 
subdivisions). The seven major physiographic units are dominated by the Ap
palachian Plateau which include glaciated and montane sections. There are 
over 100 water drainage subbasins in six major basins: Delaware River, 
Susquehanna River, Ohio River, Lake Erie, Genesee River, and Potomac 
River. Due to the great diversity of habitats throughout Pennsylvania, it is 
likely additional species will be collected in the future. 

1 Penn State Erie, The Behrend College, Erie, PA 16563·0203. 

http://www.pserie
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These seven physiographic provinces provide an abundant range of habi
tats. The mountain streams at higher elevations provided some of the most 
diverse populations. More than 90 species inhabit the Appalachian Mountain 
Section of the Ridge and Valley Province in central Pennsylvania. Three sec
tions of the Appalachian Plateaus Province, all mountainous have the next 
most diverse fauna with approximately 60 species in each section- Allegheny 
Mountain, High Plateau, and Mountainous High Plateau. Close to 40 species 
were present at lower elevations in the Central Lowland Province, Pitts
burgh Low Plateau, Glaciated Low Plateau, and the Piedmont Upland. Areas 
with rare species occurred in the north central counties and in the Pocono 
area of eastern Pennsylvania. 

I began collecting stoneflies in the early 1960's in Erie county and contin
ued with collections in northwest Pennsylvania (Masteller 1983, Dionisi and 
Masteller 1988). Additional records for Pennsylvania can be found in Bobak 
& Lawrence (1991), Grubbs (1996), Hitchcock (1974), Kondratieff & Nelson 
(1995), Kondratieff, et al. (1988) Ricker (1949), Ricker & Ross (1968), Ross 
(1971), Stanger & Baumann (1993), Stark (1983, 1986, 1989), Stark & 
Gaufin (1974, 1976), Stark & Szczytko (1988), Stark & Ray (1983), Stark, et 
aL (1988), Surdick (1985), and Szczytko & Stewart (1981). 

The new state records and a current list of stoneflies of Pennsylvania fol
lows. 

NEW STATE RECORDS OF STONEFLIES IN PENNSYLVANIA 

CAPNIIDAE 

Allocapnia wrayi Ross - 30' CHESTER Co., East Branch White Clay 
Creek, 1 Mar 1980, C. F. Burgoon & C. E. Dunn. 20'-1<;? GREENE Co., Ryer
son Station St. Pk., 16 Feb. 1995, Mark A. Lethaby. 20' MIFFLIN Co., Sta
tion 10 U.S. Rt. 522 Atkinson Mills, 19 Feb 1956, J. F. Hanson. 

CHLOROPERLIDAE 

Alloperla caudata Frison 10' BRADFORD Co., Susquehanna River, 
Towanda, 8 Jun 1994, E. C. Masteller. 70'-6<;? PIKE Co. Dingmans Ferry, 29 
May 1996, B. C. Kondratieff. 60'-2<;? PIKE Co. Dingmans Falls, 29 May 
1996, B. C. Kondratieff. 60'-1 <;? TIOGA Co. U.s. Rt. 15, South of Blossburg, 
14 Jun 1991, R. M. Duffield. 

LEUCTRIDAE 

Leuctra maria Hanson - 10' PIKE Co., Kleinhans Creek, 28 May 
1996, B. C. Kondratieff. WAYNE Co. Tanners Falls, trib. East Dyberry Creek, 
30 May 1996, B. C. Kondratieff. 

NEMOURIDAE 

Soyedina carolinensis (Claassen) - CHESTER Co. East Branch 
White Clay Creek, 20' 27 Feb-17 Mar 1978, 130'-4<;? 21 Feb-ll Apr 1980,10' 
27 Feb 1981, David H. Funk. 10' PHILADELPHIA Co. Roxborough, 26 Apr 
1910, G. M. Greene. 
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PELTOPERLIDAE 

Tallaperla elisa Stark - 10" POTTER Co., Lyman Run, 28 May 1988, 
R. M. Duffield. 

PERLIDAE 

Perlesta decipiens (Walsh) - 1:( CAMERON Co., Sinnemahoning 
Creek, Driftwood, 27 Jul 1989, E. C. Masteller. 7:( CRAWFORD Co., French 
Creek, 22 Jun 1994, E. C. Masteller. 40"-2:( LAWRENCE Co. Neshannock 
Creek, 3 Jul1992, Jack Williams. 1:( MERCER Co. Neshannock Creek, 30 
Jul 1994, E. C. Masteller. 

Perlesta placida (Hagen) - 90" CRAWFORD Co., French Creek, 
Saegertown & Venango, 29 Jun 1995. E. C. Masteller. 30"-2:( ERIE Co., 
Penn State Univ. Behrend Campus, 30 Jul1973, 17 Jul1977, E. C. Masteller 
& Karl Miller. 

Neoperla catharae Stark & Baumann - 10" PERRY Co., Juniata 
River, 22 Jul 1993, Andrew Shiels. 10" WYOMING Co. Meshoppen Creek, 10 
Sep 1989, E. C. Masteller. 

Neoperla occipitalis (Pictet) - 1:( BRADFORD Co., Susquehanna 
River, Riverside Campground, 18 Jul1989, Mark Lethahy. 30"-3:( ERIE Co., 
West Branch, French Creek, 29 Jun 1995. E. C. Masteller. 

Neoperla stewarti Stark & Baumann - 10" ERIE Co., West Branch, 
French Creek, 29 Jun 1995, E. C. Masteller. 3:( JUNIATA Co., Juniata River, 
30 Jun 1990, E. C. Masteller. 

PERLODIDAE 

Cuitus decisus decisus (Walker) - 120"-14:( PIKE Co., Dingmans 
Ferry, 29 May 1996, B. C. Kondratieff. 10" WAYNE Co., Beach Lake, 27 May 
1994, W. C. Wheeler. 

Isoperla francesca Harper - 10" CAMERON Co., Sinnemahoning 
Creek, Driftwood, 27 Ju11989, E. C. Masteller. 

Isoperla frisoni lllies - 10" HUNTINGDON Co., Colerain St. Pk. 22 
Jun 1952, S. W. Frost. 1:( MONROE Co., Kistler Run, 9 Jun 1994, E. C. Mas
teller. 

Isoperla lata Frison 1:( POTTER Co., Kettle Creek, Oleona, 4 May 
1996. E. C. Masteller. 

Isoperla nana (Walsh) - Fourmile Creek, Penn State Univ. Behrend 
Campus, 180"-20:( 20 May-26 Jun 1980, 40"-4:( 19 May-4 Jun 1981, 140"
19:( 17 May-6 Jun 1983,80"-8:( 21 May-6 Jun 1983,10"-1:( 25-29 May 
1990, E. C. Masteller. 10" LAWRENCE Co. Slippery Rock Creek, 30 Jun 
1994, E. C. Masteller. 10" VENANGO Co. Mill Creek, trih. French Creek, 29 
Jun 1994. E. C. Masteller. 

Isoperla slossonae (Banks) 10" CLINTON Co. Fishing Creek, Lamar 
National Fish Hatchery, 29 Apr 1995, S. R. Moulton. 

Malirekus hastatus (Banks) - 10" CHESTER Co. East Branch White 
Clay Creek, 8 May 1980, D. H. Funk. 
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An annotated list of the Plecoptera of Pennsylvania. The range of adult 
collection dates is followed by the list of counties thus far recorded for each 
species. 

Euholognatha 

CAPNIIDAE 


Capniinae 
Allocapnia aurora Ricker - 23 Jan - 19 Mar: Adams, Blair, Chester, 

Cumberland, Dauphin, Huntingdon, Perry, York 
A curiosa Frison - 19 Feb 8 Apr: Blair, Cambria, Clinton, Somerset 
A frisoni Ross & Ricker - 15 Nov - 14 Feb: Erie, Westmoreland 
A granulata (Claassen) - 22 Nov - 20 Apr: Adams, Bedford, Berks, 

Bucks, Centre, Chester, Crawford, Cumberland, Dauphin, Erie, Forest, 
Franklin, Fulton, Huntingdon, Juniata, Lancaster, Lehigh, McKean, Mercer, 
Mifflin, Montgomery, Northumberland, Perry, Venango, Warren, York 

A harperi Kirchner - 29 Jan - 4 Apr: Westmoreland 
A maria Hanson 4 Feb - 1 Apr: Adams, Carbon, Columbia, Cumber

land, Dauphin, Fulton, Lycoming, McKean, Perry, Sullivan, Venango, Warren 
A nivicola (Fitch) - 29 Dec - 23 Apr: Blair, Cambria, Carbon, Chester, 

Clinton, Columbia, Crawford, Cumberland, Dauphin, Erie, Forest, Franklin, 
Fulton, Huntingdon, Juniata, Lancaster, Lycoming, McKean, Northampton, 
Potter, Somerset, Venango, Warren, Westmoreland 

A pechumani Ross & Ricker - 16 - 17 Feb: Erie, Warren 
A pygmaea (Burmeister) - 3 Feb - 14 Apr: Adams, Clinton, Columbia, 

Crawford, Cumberland, Dauphin, Erie, Forest, Franklin, Fulton, Hunting
don, Juniata, Lycoming, McKean, Mifflin, Northumberland, Perry, Pike, Pot
ter, Somerset, Sullivan, Warren, York 

A recta (Claassen) -1 Dec - 7 Mar: Berks, Chester, Columbia, Cumber
land, Dauphin, Indiana, Lycoming, Mifflin, Montgomery, Schuylkill, Somer
set, Venango, Warren, Westmoreland 

A richeri Frison - 18 Nov - 13 Apr: Beaver, Bucks, Chester, CF, Craw
ford, Cumberland, Dauphin, Delaware, Fulton, Greene, Huntingdon, Juni
ata, Lancaster, Mifflin, Northumberland, Perry, Somerset, Union, Venango, 
Warren, Washington 

A simmonsi Kondratieff & Voshell - 8 - 24 Mar: Cumberland, 
Dauphin 

A vivipara (Claassen) 3 Jan - 26 Apr: Armstrong, Bucks, Crawford, 
Erie, Greene, Venango 

A wrayi Ross - [NEW RECORD] 16 Feb - 1 Mar: Chester, Greene, Mif
flin 

A zola Ricker - 27 Jan - 27 Feb: Carbon, Perry, Westmoreland 
Paracapnia angulata Hanson 20 Mar - 4 May: Beaver, Cameron, 

Carbon, Centre, Clearfield, Clinton, Cumberland, Elk, Erie, Forest, Hunting
don, McKean, Mifflin, Perry, Potter, Somerset, Susquehanna, Union, Warren, 
Westmoreland 

LEUCTRIDAE 

Leuctrinae 
Leuctra alexanderi Hanson - 30 May - 19 Jul: Forest, Warren, Wayne, 

Westmoreland 
L. carolinensis Claassen - 22 May - 14 Jun: Lackawana, Tioga 
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L. duplicata Claassen - 8 May - 15 Jul: Centre, Clearfield, Clinton, 
Erie, Huntingdon, Lackawana, Monroe, Pike, Potter, Somerset, Tioga, War
ren, Westmoreland 

L. ferruginea (Walker) - 21 May - 30 Oct: Cameron, Carbon, Centre, 
Chester, Clinton, Cumberland, Delaware, Elk, Erie, Fayette, Forest, 
Franklin, Lawrence, Luzerne, McKean, Pike, Potter, Snyder, Sullivan, Tioga, 
Venango, Warren, Wayne, Westmoreland 

L. grandis Banks 8 May - 13 Jul: Centre, Lackawana, Luzerne, Pot
ter, Sullivan, Westmoreland 

L. maria Hanson - [NEW RECORD] 28 - 30 May: Pike, Wayne 
L. sibleyi Claassen 2 May - 23 Jul: Cambria, Centre, Chester, Clinton, 

Columbia, Elk, Erie, Forest, Huntingdon, Lackawana, Luzerne, McKean, 
Miffiin, Pike, Potter, Sullivan, Warren, Wayne, Westmoreland 

L. tenella Provancher 8 May - 12 Aug: Carbon, Chester, Fayette, 
Huntingdon, McKean, Potter, Susquehanna, Warren, Wayne, Westmoreland 

L. tenuis (Pictet) 5 May - 15 Sep: Allegheny, Cameron, Carbon, Cen
tre, Dauphin, Elk, Erie, Fayette, Forest, Huntingdon, Lawrence, Luzerne, 
McKean, Monroe, Sullivan, Susquehanna, Tioga, Venango, Warren, West
moreland 

L. truncata Claassen 16 Jun - 3 Sep: Centre, Fayette, Potter, Warren 
L. variabilis Hanson 18 Aug - 10 Sep: Chester, Susquehanna, 

Wyoming 
Paraleuctra sara (Claassen) - 27 Mar - 12 May: Cambria, Cameron, 

Carbon, Centre, Chester, Clinton, Columbia, Fayette, Huntingdon, Jefferson, 
Lawrence, Luzerne, Lycoming, McKean, Perry, Potter, Sullivan, Union, War
ren, Westmoreland, Wyoming 

Megaleuctrinae 
Megaleuctra flinti Baumann - 20 Apr - 18 Jul: Cambria, Somerset, 

Westmoreland 

NEMOURIDAE 

Amphinemurinae 

Amphinemura appalachia Baumann 3 May: Carbon, Monroe 
A. delosa (Ricker) - 14 Apr - 10 Sep: Centre, Crawford, Elk, Erie, For

est, Huntingdon, Lawrence, Luzerne, Potter, Tioga, Westmoreland, Wyoming 
A. linda (Ricker) 13 Jun 6 Jul: Columbia, Erie 
A. nigritta (Provancher) 21 Apr 25 Sep: Berks, Blair, Cambria, 

Cameron, Centre, Chester, Clearfield, Clinton, Columbia, Crawford, Erie, 
Forest, Huntingdon, Juniata, Lawrence, Lycoming, McKean, Miffiin, Perry, 
Pike, Potter, Somerset, Sullivan, Warren, Wayne, Westmoreland 

A. wui (Claassen) - 12 May - 30 Oct: Blair, Bradford, Cambria, Carbon, 
Centre, Chester, Clearfield, Clinton, Crawford, Cumberland, Elk, Fayette, 
Forest, Luzerne, McKean, Miffiin, Monroe, Philadelphia, Pike, Potter, Sny
der, Somerset, Tioga, Warren, Westmoreland 

Nemourinae 
Ostrocerca albidipennis (Walker) 4 May - 29 Jun: Cumberland, 

Dauphin, Lackawana, Pike, Potter, Somerset, Warren, Westmoreland 
O. complexa (Claassen) 23 May: Lackawana 
O. prolongata (Claassen) 20 May: Tioga 
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O. truncata (Claassen) 26 Apr - 20 May: Bucks, Fayette, Lycoming, 
Potter, Westmoreland, York 

Paranemoura perfecta (Walker) - 22 Mar - 8 May: Centre, Forest, 
Huntingdon, Lebanon, Sullivan, Union, Westmoreland 

Prostoia completa (Walker) - 20 Feb - 8 Jun: Cameron, Chester, Clin
ton, Dauphin, Delaware, Elk, Erie, Lancaster, Lycoming, Montgomery, Pot
ter, Tioga, Venango Warren, Wayne, Wyoming 

P. similis (Hagen) - 9 Mar - 15 May: Cumberland, Delaware, Erie, For
est, Fulton, Huntingdon, Juniata, McKean, Perry, Potter, Snyder, Westmore
land 

Soyedina carolinensis (Claassen) - [NEW RECORD] 24 Feb - 11 Apr: 
Chester, Philadelphia 

S. merritti Baumann & Grubbs - 1 Apr - 11 May: Westmoreland 
S. vallicularia (Wu) - 14 Mar - 13 May: Beaver, Blair, Centre, Chester, 

Erie, Huntingdon, McKean, Philadelphia, Sullivan, Venango, Warren, York 
S. washingtoni (Claassen) - 28 Mar - 20 Jun: Centre, Erie, Lack

awana, Lycoming, McKean, Philadelphia Warren 

TAENIOPTERYGIDAE 

Brachypteryinae 
Bolotoperla rossi (Frison) - 3 Apr 8 May: Dauphin, Sullivan, Union 
Oemopteryx contorta (Needham & Claassen) - 28 Feb - 3 May: Cum

berland, Mifflin, Union, Westmoreland 
Strophopteryx fasciata (Burmeister) - 14 Feb - 8 May: Bedford, 

Berks, Bradford, Cameron, Centre, Chester, Clinton, Crawford, Cumberland, 
Dauphin, Erie, Fayette, Fulton, Huntingdon, Lancaster, Luzerne, Lycoming, 
McKean, Pike, Potter, Snyder, Sullivan, Susquehanna, Union, Venango, War
ren, Westmoreland, Wyoming, York 

Taenionema atlanticum Ricker & Ross 24 Mar - 27 May: Cambria, 
Cameron, Centre" Clinton, Delaware, Lackawana, Luzerne, McKean, Potter, 
Sullivan, Susquehanna, Tioga, Union, Warren, Wayne, Wyoming 

Taeniopteryginae 
Taeniopteryx burksi Ricker & Ross 14 Jan - 14 Apr: Adams, Beaver, 

Cameron, Carbon, Chester, Clinton, Cumberland, Dauphin, Elk, Forest, 
Franklin, Huntingdon, Lawrence, Mercer, Montgomery, Northumberland, 
Perry, Pike, Potter, Somerset, Venango, Warren, Washington, Wyoming, York 

T. maura (Pictet) - 27 Jan - 15 Apr: Bradford, Carbon, Centre, Chester, 
Clinton, Cumberland, Dauphin, Elk, Fayette, Forest, Huntingdon, Lycoming, 
Mifflin, Perry, Philadelphia, Potter, Susquehanna, Union, Washington, West
moreland, Wyoming 

T. metequi Ricker & Ross - Jan - 14 Mar 29: Bedford, Fulton, Snyder, 
Washington 

T. nivalis (Fitch) - 28 Jan - 20 Apr: Bucks, Carbon, Chester, Crawford, 
Cumberland, Dauphin, Delaware, Erie, Forest, Franklin, Huntingdon, Lan
caster, Mifflin, Northumberland, Snyder, Susquehanna, Tioga, Warren, 
Wyoming 

T. parvula Banks 10 Feb - 7 Mar: Cameron, Carbon, Cumberland, 
Dauphin, Luzerne, McKean, Mifflin, Perry, Tioga, Wyoming 

T. ugola Ricker & Ross 14 Feb - 7 Apr: Cambria, Cumberland 
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SysteUognatha 

Cm..OROPERLIDAE 


Chloroperlinae 
Alloperla aracoma Harper & Kirchner - 2 Jun - 11 Jul: Westmore

land 
A. atlantica Baumann - 20 May - 4 Jul: Chester, Cumberland, Hunt

ingdon, Monroe, Sullivan 
A. caudata Frison [NEW RECORD] 29 May - 14 Jun: Bradford, Pike, 

Tioga 
A. chloris Frison -18 May - 10 Jul: Crawford, Erie, Sullivan, Warren 
A. concolor Ricker 26 May: Luzerne, Monroe 
A. imbecilla (Say) - 23 May - 5 Jul: Beaver, Cameron, Forest, 

Northampton, Wayne, Westmoreland 
A. usa Ricker - 8 Jun - 23 Jul: Cambria, Warren, Westmoreland 
A. vostoki Ricker 18 Jun: Erie 
Haploperla brevis (Banks) - 6 May - 25 Jul: Allegheny, Armstrong, 

Beaver, Butler, Centre, Chester, Clearfield, Crawford, Cumberland, Dauphin, 
Erie, Forest, Huntingdon, Lancaster, Luzerne, McKean, Monroe, Mont
gomery, Northampton, Warren, Westmoreland 

Rasvena terna (Frison) - 3 Jun - 19 Jul: Lycoming 
Suwallia marginata (Banks) 29 May - 5 Aug: Erie, Jefferson, 

Luzerne, Lycoming, Somerset, Tioga, Warren, Westmoreland 
Sweltsa lateralis (Banks) - 11 May - 22 Jul: Cambria, Cameron, Cen

tre, Clearfield, Clinton, Elk, Erie, Fayette, Forest, Fulton, Huntingdon, Lack
awana, Lebanon, Luzerne, McKean, Mifflin, Pike, Sullivan, Tioga, Union, Ve
nango, Warren, Westmoreland 

S. naica (Provancher) - 10 May - 26 Jun: Blair, Monroe, Potter, War
ren, Westmoreland 

S. onkos (Ricker) - 8 May - 10 Aug: Beaver, Cameron, Centre, Chester, 
Erie, Fayette, Huntingdon, Lackawana, Lycoming, Luzerne, McKean, Mif
flin, Monroe, Northampton, Pike, Potter, Tioga, Warren, Wayne, Westmore
land, Wyoming 

Paraperlinae 
Utaperla gaspesiana Harper & Roy 9 - 20 May: Clinton, Westmore

land 

PELTOPERLIDAE 

Peltoperlinae 
Peltoperla arcuata Needham 16 May - 24 Aug; Centre, Chester, 

Clinton, Crawford, Erie, Fayette, Forest, Lawrence, Lehigh, Lycoming, McK
ean, Monroe, Northampton, Schuylkill, Union, Venango, Warren, Westmore
land 

Tallaperla anna (Needham & Smith) - 3 Jun: Luzerne 
T. elisa Stark - [NEW RECORD] 28 May: Potter 
T. maria (Needham & Smith) - 12 May - 15 Jun: Centre, Chester, 

Lackawana, Mifflin, Monroe, Pike, Potter, Sullivan, Tioga, Union, Warren, 
Westmoreland 
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PERLIDAE 

Acroneuriinae 
Acroneuriini 

Acroneuria abnarmis (Newman) - 1 Jun - 10 Aug: Allegheny, Arm
strong, Cameron, Carbon, Centre, Chester, Clearfield, Clinton, Cumberland, 
Dauphin, Fayette, Franklin, Huntingdon, Indiana, Juniata, Lawrence, 
Luzerne, Lycoming, McKean, Mercer, Monroe, Perry, Pike, Potter, Susque
hanna, Tioga, Venango, Warren, Wayne, Westmoreland, Wyoming, York 

A arenasa (Pictet) 3 Jun - 27 Jul: Allegheny, Centre, Cumberland, 
Dauphin, Montgomery, Perry, Philadelphia, Washington, York 

A arida (Hagen) 6 • 11 Jun: Chester, Dauphin, Delaware, Erie, Lan
caster, Philadelphia 

A carolinensis (Banks) 28 May - 10 Jul: Armstrong, Centre, Clinton, 
Crawford, Cumberland, Erie, Fayette, Lawrence, Lycoming, Monroe, Pike, 
Potter, Snyder, Susquehanna, Tioga, Union, Warren, Westmoreland 

A evaluta KIapalek 30 May - 6 Jul: Allegheny, Beaver, Greene, Lan
caster, Lawrence, Washington 

A filicis Frison - 26 • 30 Jun: Dauphin, Juniata 
A frisoni Stark & Brown 16 Jun - 22 Jul: Allegheny, Erie, Greene, 

Lawrence 
A lycorias (Newman) 1 - 9 Jun: Allegheny, Chester, Clearfield, Mon

roe, Snyder, Sullivan, Tioga, Washington, Wayne, Wyoming 
Attaneuria ruralis (Hagen) - 1 - 8 Jul: Chester, Cumberland, 

Dauphin, Fayette, Lancaster, Lebanon, Potter, Tioga, Wyoming 
Eccoptura xanthenes (Newman) - 2 Jun· 31 Jul: Centre, Chester, 

Cumberland, Montgomery, Northumberland, York 
Hansonoperla appalachia Nelson - 23 Jul:Cambria, Cameron, Mon

roe, Tioga 
Perlesta decipiens (Walsh) [NEW RECORD] 22 Jun - 30 JuI: 

Cameron, Crawford, Lawrence, Mercer 
P. nitida Banks 1 May - 30 Jun: Lawrence, Mercer, Philadelphia 
P. placida (Hagen) - [NEW RECORD] 17 - 30 JuI: Crawford, Erie 
Perlinella drymo (Newman) - 12 May· 9 Aug: Cumberland, 

Northampton
P. ephyre (Newman) - 6 Jun: Columbia, Cumberland 

Perlinae 
Neoperlini 

Neoperla catharae Stark & Baumann - [NEW RECORD] 22 Jul - 10 
Sep: Perry, Wyoming 

N. clymene (Newman) 23 30 Jun: Centre, Clinton, Dauphin, Erie, 
Fayette, Huntingdon, York 

N. occipitalis (Pictet) [NEW RECORD] 29 Jun - 18 Jul: Bradford, 
Erie 

N. stewarti Stark & Baumann - NEW RECORD] 29 30 Jun: Erie, Ju
niata 

Perlini 
Agnetina annulipes (Hagen) 4 Jun - 16 Jul: Dauphin, Juniata, Pike 
A capitata (Pictet) 23 May - 30 Jul: Blair, Cameron, Clinton, Cum

berland, Dauphin, Erie, Huntingdon, Sullivan, Tioga, Warren, Wayne, 
Wyoming 

A /lavescens (Walsh) 31 May - 27 Jul: Dauphin, Huntingdon, Lehigh 
Paragnetina immarginata (Say) - 20 Jul- 28 Oct: Centre, Columbia, 
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Fayette, Huntingdon, Indiana, Luzerne, Lycoming, Monroe, Potter, Sullivan, 
Tioga, Warren, Wyoming 

P. media (Walker) - 19 May - 5 Jul: Bedford, Cameron, Carbon, Centre, 
Chester, Clinton, Crawford, Fayette, Huntingdon, Lancaster, Lycoming, Mer
cer, Monroe, Potter, Somerset, Sullivan, Tioga, Union, Venango, Wayne 

PERLODIDAE 

Isoperlinae 
Clioperla clio (Newman) - 15 Apr - 8 May: Armstrong, Beaver, 

Chester, Crawford, Huntingdon, Westmoreland 
Isoperla bilineata (Say) - 8 - 27 Jun: Allegheny, Centre, Chester, 

Huntingdon, Monroe, Potter 
I. dicala Frison - 23 May - 10 Jul: Bedford, Blair, Clinton, Cumberland, 

Dauphin, Erie, Huntingdon, Pike, Potter, Sullivan, Tioga 
1. francesca Harper [NEW RECORD] 27 Jul: Cameron 
1. {risoni Dlies [NEW RECORD] 9 - 22 Jun: Huntingdon, Monroe 
1. holochlora (Klapalek) - 28 May - 31 Aug: Centre, Chester, Cumber-

land, Fayette, Monroe, Pike, Somerset, Tioga, Union, Warren, Westmoreland 
I. lata Frison - [NEW RECORD] 4 May: Potter 
I. marlynia (Needham & Claassen) - 4 - 6 Jun: Huntingdon, Sullivan 
I. montana (Banks) - 17 Apr - 8 Jul: Cameron, Centre, Chester, Clin

ton, Crawford, Fayette, Huntingdon, Lycoming, Luzerne, Mifflin, Monroe, 
Pike, Potter, Sullivan, Union, Warren 

1. namata Frison - 1 - 10 May: Centre, Potter 
I. nana (Walsh) - [NEW RECORD] 5 May - 30 Jun: Erie, Lawrence, Ve

nango 
I. orata Frison 8 May - 14 Jun: Armstrong, Chester, Huntingdon, 

Luzerne, Monroe, Sullivan 
1. richardsoni Frison -7- 8 May: Centre, Dauphin 
1. signata (Banks) 4 Jun: Centre, Fayette, Lancaster, Sullivan 
1. similis (Hagen) 1 May 6 Jun: Centre, Chester, Fayette, Monroe, 

Pike, Potter, Somerset, Venango, Westmoreland 
1. slossonae (Banks) [NEW RECORD] 29 Apr: Clinton 
I. transmarina (Newman) - 16 May - 3 Jun: Erie, Luzerne 
I. sp. j - 5 Jul: Forest 
I. sp. m 27 May - 4 Jun: Cameron, Clinton 
1. sp. n - 29 Apr: Clinton 

Perlodinae 
Diploperlini 

Cultus decisus decisus (Walker) [NEW RECORD] 23 Apr - 1 Jun: Al
legheny, Chester, Fayette, Pike, Potter, Venango, Wayne 

C. verticalis (Banks) -18 Mar - 23 Jun: Columbia, Lycoming, Venango, 
Warren, Westmoreland 

Diploperla duplicata (Banks) - 18 May - 2 Jun: Armstrong, Chester, 
Cumberland, Dauphin, Lycoming, Pike 

D. robusta Stark & Gaufin 11 May - 25 Jun: Cambria, Erie, Lan
caster 

Remenus bilobatus (Needham & Claassen) - 17 May - 19 Jul: Adams, 
Cambria, Centre, Chester, Fayette, Warren, Westmoreland 
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Perlodini 
Helopicus subvarians (Banks) - 28 Apr-19 May: Carbon, Dauphin, 

Huntingdon, Lycoming, Union 
Isogenoides hansoni (Ricker) - 15 Apr - 10 May: Forest, Huntingdon, 

McKean, Monroe, Potter, Somerset, Warren 
Malirekus hastatus (Banks) [NEW RECORD] 8 May: Chester 
M. iroquois Stark & Szczytko 20 May - 16 Jun: Blair, Dauphin, Elk, 

Erie, Fayette, Pike, Warren, Wayne, Westmoreland 
Yugus bulbosus (Frison) 14 May - 11 Jun: Potter, Somerset, West

moreland 

PTERONARCYIDAE 

Pteronarcyinae 
Pteronarycini 

Pteronarcys biloba Newman 23 May - 6 Jun: Centre, Clinton, Hunt
ingdon, Luzerne, Lycoming, McKean, Monroe, Pike, Potter, Tioga, Union, 
Warren, Westmoreland 

P. comstocki Smith - nymphs only: Clinton, Huntingdon, Pike 
P. dorsata (Say) 12 Apr - 19 May: Allegheny, Crawford, Dauphin, 

Huntingdon, Philadelphia, Union, Wayne 
P. pictetii Hagen - 20 May: Huntingdon, Philadelphia 
P. proteus Newman - 6 May - 20 Jun: Berks, Centre, Clinton, Franklin, 

Lycoming, Monroe, Potter, Somerset, Sullivan, Susquehanna, Tioga, Warren, 
Westmoreland 

Several species of lsoperla that have only a letter designation will be de
scribed by Stanley Szczytko. Baumann and Grubbs (1996) have recently de
scribed Soyedina merritti from Pennsylvania. Baumann (1996) described 
Amphinemura appalachia with the type locality in Pennsylvania. 

Five species are being deleted from the Pennsylvania list. These species 
have been removed because they were misidentified or their known occur
rence was well outside the range of Pennsylvania. These are Paracapnia opis 
(Newman) reported in Frison (1942), Sweltsa mediana (Banks) reported in 
Surdick and Kim (1976), Amphinemura varshava (Ricker) reported in Sur
dick and Kim (1976), lsoperla mohri Frison reported in Surdick and Kim 
(1976), Pteronarcys scotti Ricker reported in Robertson (1980) as Allonarcys 
scotti. 

An additional 39 species that have been reported from the neighboring 
states of New York, Ohio, Maryland, West Virginia, and Ontario, Canada are 
listed as potentially occurring in Pennsylvania (Appendix 1). 
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Appendix 1 

The following species of stoneflies are not on the Pennsylvania list. Be
cause of their proximity of records and types of habitat, they may be found in 
Pennsylvania. I have included them so that future workers will be alert to 
their possible presence in the state. 

CAPNIIDAE 
Allocapnia forbesi Frison (OH, WV); Allocapnia frumi Kirchner (WV); Al

locapnia illinoensis Frison (NY, OH, ON); Allocapnia indianae Ricker (NY, 
OH); Allocapnia loshada Ricker (WV); Allocapnia minima (Newport)(NY, 
ON); Allocapnia mystica Frison(OH, WV); Allocapnia ohioensis Ross & 
Ricker (NY, OH, WV); Allocapnia smithi Ross & Ricker (OH); Capnia ver
nalis (Newport) (OH, ON); Capnura manitoba Claassen (ON) 

LEUCTRIDAE 
Leuctra biloba Claassen (ON); Leuctra rickeri James (OH, WV); Leuctra 

triloba Claassen(NY); Zealeuctra fraxina Ricker & Ross (OH, WV) 

NEMOURIDAE 
Nemoura trispinosa Claassen (NY, OH, ON); Shipsa rotunda (Claassen)

(MD,ON) 

TAENIOPTERYGIDAE 
Oemopteryx glacialis (Newport) (NY, ON); Strophopteryx appalachia 

Ricker & Ross (WV); Taeniopteryx lonicera Ricker & Ross (MD); 

CHLOROPERLIDAE 
Alloperla banksi Frison (NY, ON); Alloperla idei CRicker) (OH); Alloperla 

nanina Banks (NY); Alloperla voinae Ricker (NY) Haploperla orpha (Frison) 
(ON); Sweltsa pocahontas Kirchner & Kondratieff (WV) 

PELTOPERLIDAE 

Pelto perla tarteri Stark & Kondratieff (WV) 


PERLIDAE 
Acroneuria internata (Walker) (WV); Perlesta adena Stark (OH) (in PA 

but not confirmed); Perlesta cinctipes (Banks) (OH); Neoperla gaufini Stark 
& Baumann (OH); Neoperla mainensis Banks (OH, ON); Claassenia sabulosa 
(Banks) (ON) 

PERLODIDAE 
Isogenoides frontalis (Newman)(NY); Isoperla burksi Frison (OH, WV); 

Isoperla cotta Ricker (ON, WV); Isoperla decepta Frison (OH, ON); Isoperla 
gibbsae Harper (NY, WV); Diploperla kanawholensis Kirchner & Kondratieff 
(WV) 
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EFFECTS OF HYBRID POPLAR (SALICACEAE) CLONE AND 

PHENOLOGY ON GYPSY MOTH (LEPIDOPTERA: LYMANTRIlDAEl 


PERFORMANCE IN WISCONSIN 


James J. Kruse and Kenneth F. Raffo l 

ABSTRACT 

Gypsy moth (Lymantria dispar) developmental interactions with two hy
brid Populus species clones were studied in laboratory trials. Significant dif
ferences in larval performance were found between clones and within the 
same clone at different phenological states. No larvae were able to complete 
development on clone NM6. All gypsy moth larvae feeding on clone NC5271 
survived when leaf flush was synchronized with gypsy moth eclosion in early 
May. However, neonates feeding on NC5271 foliage in July experienced in
creased mortality. Weights of surviving gypsy moth larvae feeding on 
NC5271 foliage in May versus July were not significantly different. 

Hybrid poplars, Populus species, are currently being developed as rapidly 
grown short rotation trees for alternative sources of fiber and biomass 
(Hansen et al. 1983, Dickmann & Stuart 1983, Abrahamson et al. 1990). In 
previous evaluations in Wisconsin, 15 hybrid poplar clones were character
ized for their primary growth rates, general mensurational properties, foliar 
chemistry, and susceptibility to several important endemic insect, fungal, 
and vertebrate pest species (Robison & Raffa 1994, 1996, 1997). This report 
considers the susceptibility of selected clones from this group on an impend
ing invasive species that is currently becoming established in Wisconsin, and 
therefore must be considered in hybrid poplar plantings. 

The gypsy moth, Lymantria dispar L., feeds on a wide range of host 
species throughout its native Eurasian and introduced North American dis
tributions (Montgomery 1991). Although highly polyphagous, the gypsy moth 
prefers and performs particularly well on certain tree species, particularly 
oaks (Quercus spp.) and aspens (Populus spp.) (Barbosa & Capinera 1977, 
Hough & Pimentel 1978, Barbosa & Greenblatt 1979, Barbosa et al. 1983, 
Raupp et al. 1988, Gross et al. 1990, Sheppard & Friedman 1990, Hamilton 
& Lechowicz 1991, Stoyenoff et al. 1994 a, b). A variety of work has been 
done evaluating the suitability and acceptability of Populus to gypsy moth 
(Lindroth & Hemming 1990, Chilcote et al. 1992, Roth et al. 1994, Stoyenoff 
et al. 1994a, b, and c, Montgomery 1986, Roden & Surgeoner 1991). 

The clonal nature of Populus species may have a major impact on gypsy 
moth growth and performance (Chilcote et al. 1992). Likewise, the perfor
mance of forest tent caterpillar (Malacosoma disstria Hbn.) varied widely 

1 Department of Entomology, University of Wisconsin-Madison, Madison, WI 
53706. 
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among hybrid poplar (Robison & Raffa 1990, 1994, 1996, 1997) and native 
aspen (Lindroth & Bloomer 1991) clones. Hybrid poplar clonal variation can 
potentially be exploited to reduce pest impacts by using resistant native 
clones, selecting for enhanced resistance, and using deployment strategies 
that adversely affect pests (Dickmann and Stuart 1983). The purpose of this 
research was to test the growth and performance of gypsy moth larvae on 
two hybrid roplar clones that showed differential resistance to M. disstria. 
Phenologica changes can partially explain differences in larval performance 
within and between tree species, and between years (Montgomery 1986, 
Meyer et al. 1987, Raupp et al. 1988, Gross et al. 1990, Sheppard & Fried
man 1990, Chilcote et al. 1992, Hunter & Leckowicz 1992, Robison & Raffa 
1997). Therefore, we conducted bioassays at two widely separated time peri
ods to fully characterize clonal suitability. 

MATERIALS AND METHODS 

Poplar clones. Two hybrid poplar clones were chosen because of their 
differential suitability to an oligophagous Lepidopteran, the forest tent cater
pillar. NM6 (Populus nigra X P. maximowiczii) is relatively resistant to M. 
disstria herbivory, while NC5271 (P. nigra 'Charkowiensis' X P. nigra 'Caud
ina') is highly susceptible (Robison & Raffa 1994). 

Poplar clones were established in 1994 from frozen, 12 em long, dormant 
hardwood cuttings taken from healthy trees growing outside at the Univer
sity of Wisconsin-Madison West Madison Agricultural Research Station. Cut
tings were planted in saturated Redi-Earth Peat-Lite® potting soil in 20 em 
diameter plastic pots in the glasshouse. Trees were fertilized with 15 g per 
plant Osmocote® slow-release 17-6-12 plus micronutrients and flood irrigated 
regularly. Cuttings had taken root by fall, 1994, and overwintered outside. In 
April 1995, trees were transplanted in vermiculite/peat mosslFafard® soil 
mixture (Carlin Sales, Milwaukee, WI). Glasshouse conditions were 16:8 L:D 
(moderately shaded with standard fluorescent lamp supplements), and fluc
tuated seasonally between 18-35 °C, and 25-100% RH. 

Gypsy moths. Gypsy moth embryonated egg masses were obtained from 
culture NJ41 USDA-APHIS, Otis AFB, MA. Gypsy moths were reared in the 
University of Wisconsin-Madison Russell Laboratories quarantine facility. 
Upon removal from cold storage, gypsy moth egg masses were sterilized 
using a sodium hyperchlorite solution (2060 ml ddH20, 21 ml polyoxy-ethyl
ene sorbitan monooleate, and 40 ml bleach), triple rinsed with ddH20 and al
lowed to dry. Egg masses were placed in rearing containers and kept in a 
growth chamber at 16:8 L:D, 23--25°C and 100% RH. Upon eclosion, gypsy 
moth larvae were evenly distributed among mass rearing containers contain
ing NC5271 or NM6 leaves, or synthetic diet (ICN Biomedicals, Aurora, OH). 
Each treatment received several hundred neonate larvae. 

Effects of Clone. Leaf flush of glasshouse trees was timed to coincide 
with foliar development ofPopulus in the field. Gypsy moth egg masses were 
sterilized and incubated to synchronize eclosion and feeding at approxi
mately seven days mean budbreak. Larvae were fed excised foliage daily or 
as required. Leaves were excised from trees in a destructive fashion so that 
no tree was used more than once for a feeding. Leaves were brought to the 
quarantine facility, disinfected with 10% Clorox® solution and rinsed with 
distilled water, before they were provided to larvae. 

Larvae were allowed to feed for eight days. Sixty-five larvae feeding on 
NC5271 were randomly selected and weighed. Only 52 larvae feeding on 
NM6 remained alive at this point, so all living larvae on this clone were 
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weighed. After weighing, larvae were placed singly in 25 ml plastic rearing 
cups in a growth chamber at 16:8 L:D, 23-25°C, and 45-65% RH. Larvae 
were reared until pupation or death. Data included larval weight, survival, 
and development time. Due to high gypsy moth mortality on NM6, two suc
cessive instars were tested. Forty-five second and third instars were trans
ferred from artificial diet to NM6 immediately after molting. Dead larvae 
were counted and removed until no larvae remained. Data were analyzed via 
one-way ANOVA (Abacus Concepts 1989), using weight measurements as a 
response and poplar clone as a treatment. 

Effects of Phenology. Trees growing outside at the UW West Madison 
Agriculture Research Station were utilized in early July, during the time 
poplar in the field was actively growing. Gypsy moth egg masses were 
treated in the same manner as before. Leaves were excised from trees in a 
random fashion, and so that no tree was used more than once for a feeding. 
After eight days, no larvae feeding on NM6 remained alive, so only NC5271 
data were collected and subsequently compared to the early season NC5271 
data. All larvae alive on day eight were reared until death or to three weeks 
of age. Data were collected and analyzed as before. 

RESULTS 

Effects of Poplar Clone. Poplar clone NC5271 was a highly suitable 
host for gypsy moth. All gypsy moth larvae feeding on NC5271 in May sur
vived through the third stadium (Fig. 1). At the time of weighing, most lar
vae feeding on NC5271 were mid to late-second instars. Of 20 larvae ran
domly selected for further rearing, 19 survived to pupation. Average pupal 
weight and development time for female gypsy moths were 1022 mg and 37.2 
days, respectively. Pupal weights of gypsy moths that had been fed poplar 
clone NC5271 were greater than those of gypsy moths that had developed 
upon Red Oak (Quercus rubra) and Tamarack (Larix laricina) under identi
cal conditions (Kruse, unpublished data). 

Poplar clone NM6 was not a suitable host plant for gypsy moth develop
ment or survival (Fig. 1). Out of several hundred neonates assigned to the 
NM6 treatment in May, only 52 survived to the eighth day for weighing. 
Weights oflarvae feeding on NM6 were significantly lower from the weights 
of larvae feeding on NC5271 (Table 1). By the tenth day after eclosion, only 
13% ofthe 52 weighed gypsy moth larvae feeding on NM6 were still alive. All 
larvae feeding on NM6 were dead by day 14. All additional 45 gypsy moth 
second and third instars transferred to NM6 foliage from ICN diet were dead 
by the eighth day after transfer. 

Effects of Phenology. NC5271 foliage in July was a poor host for 
neonate gypsy moth larvae. Eighty-nine percent of the gypsy moth larvae 
feeding on NC5271 foliage in July survived two weeks after eclosion. Be
tween 14 and 18 days after eclosion, however, there was high mortality, with 
only 31 % surviving through this interval. By the 21st day after eclosion, mor
tality leveled off, but only 25% of the original 65 larvae survived. Among sur
vivors, however, larval weights eight days after eclosion between the July 
and May feeding dates were not significantly different (Table 1). 

NM6 foliage in July was not a suitable host plant for gypsy moth devel
opment or survival. All larvae placed on NM6 foliage in July were dead by 
the fourth day of the assay (Fig. 1). 
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Figure L Effect of hybrid poplar clone and phenology on gypsy moth sur
vival. Experiment began eight days after eclosion or the day of eclosion (day 
0). Above: Neonates on NC5271 foliage in May (N=65), and in July (N=65); 
Below: Neonates on NM6 foliage in May (N=52), and in July (N=100), and 
second and third instars in May (N=45). 

Table 1. Poplar clone and phenological effect on gypsy moth survival and weight, 
Means within a column followed by different letters are significantly different at alpha 
=0,001, using Fishers Protected LSD technique. 

Days after 
Clone Month Eclosion Survival(%} Mean Wt SE N 

NC5271 May 8 100% 150 a 1.0 65 
July 8 24.62% 130a 0.4 65 

NM6 May 8 0 2b 1.0 52 
July 0 0 100 
May 2,,3 instars 0 45 
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DISCUSSION 

Gypsy moth neonates placed on newly flushed NM6 foliage were unable 
to survive longer than two weeks. This is equivalent to the period Barbosa et 
al. (1983) found gypsy moth larvae survived on highly unsuitable host 
species. All larvae appeared to simply starve to death by day four on NM6 fo
liage in July. 

NC5271 foliage is a highly suitable host for gypsy moth neonate larvae 
shortly after budbreak in May. However, neonate performance on NC5271 fo
liage in July demonstrated a phenological asynchrony. Over 75% of gypsy 
moth neonates feeding in July died on a food plant that was highly suitable 
at the time of spring leaf flush. Such phenological changes can occur over 
shorter periods of time than this study, as previously demonstrated by Raupp 
et al. (1988) on other tree species. 

In previous studies, NM6 reduced both development and feeding by the 
forest tent caterpillar (Robison & Raffa 1994, 1996, 1997). In this study, be
havior of gypsy moth in response to the poor quality NM6 host appeared to 
be related to dispersal. Large amounts of silk were observed in the NM6 con
tainers, compared to the NC5271 containers, which may indicate that the 
former group of neonates were attempting to disperse. This finding is consis
tent with the view that gypsy moth initiate dispersal when confronted with 
unsuitable food (Leonard 1971, Capinera & Barbosa 1976, Lance and Bar
bosa 1981). 

Larvae feeding on NC5271 foliage in July demonstrated high mortality, 
but the survivors were capable of attaining the size of the phenologically syn
chronized May predecessors. Likewise, Chilcote et al. (1992) found that 
gypsy moth can recover from initial losses in performance suffered on unsuit
able foliage during early larval development. 

The mechanism of resistance to gypsy moth in clone NM6 likely relates 
to phenolics, primarily phenolic glycosides. Resistance to Lepidoptera among 
native aspen, Populus tremuloides, is largely associated with high concentra
tions of compounds such as tremulacin, which cause reduced feeding and de
velopment in gypsy moth (Lindroth et al. 1987, Lindroth & Hemming 1990). 
Likewise, hybrid poplar clone NM6 foliage is nearly twice as high as in total 
phenolics than is clone NC5271 (Ramachandran et al. 1993), and application 
of foliar extracts from NM6 containing phenolic glycosides can reduce forest 
tent caterpillar feeding when applied to otherwise susceptible clones such as 
NC5271 (Robison & Raffa 1997). 

These results suggest that NM6 is a good candidate for deployment in 
areas with threatening or repeated gypsy moth defoliation. Further studies 
are needed to further characterize the effects of NM6 on biological control 
agents, and its responses to multiple biotic and abiotic factors under field 
conditions. 
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EPIZOOTIOLOGY OF THE FUNGAL PATHOGEN, 

ZOOPHTHORA PHYTONOMI (ZYGOMYCETES: ENTOMOPHTHORALES) 


IN FIELD POPULATIONS OF ALFALFA WEEVIL 

(COLEOPTERA: CURCULIONIDAEILARVAE IN ILLINOIS 


Marilyn J. Morris, Stephen J. Roberts, Joseph V. Maddox, 
and Edward J. Armbrust l 

ABSTRACT 

The influence ofthe fungal pathogen, Zoophthora phytonomi, on larvae of 
the alfalfa weevil, Hypera postica, was studied in three alfalfa fields in Illi
nois. Disease epizootics occurred in all three fields and disease onset was ob
served within a fairly narrow range of degree day accumulations. At the 
height of each epizootic, percentages of infected larvae were between 80 and 
100%, and the fungus contributed to the collapse of the weevil population in 
each field. Percent parasitism by the larval parasitoids, Bathyplectes cur
culionis and B. anurus, was lower in our fields than is common in mid-season 
alfalfa weevil populations and was sometimes correlated negatively with 
Zoophthora phytonomi infection levels, strongly implying negative interfer
ence between the parasitoids and the pathogen. Control potential of Zooph
thom phytonomi disease in alfalfa weevil larval populations is addressed. 

Larvae of the alfalfa weevil, Hypera postica (GyllenhaD, are pests of the 
first cutting of alfalfa in Illinois, where they can account for significant losses 
in crop yield and quality. Adult weevils overwinter and, depending on 
weather, may I during autumn, on warm days throughout winter, and 
during spring. atch in spring about the time alfalfa resumes growth, 
and larval fee mg continues through May, when pupation occurs. Upon 
emergence, adults leave the field for field edges where they undergo summer 
aestivation. During autumn, adults return to the field and begin egg-laying 
(Manglitz and App 1957). 

Both yarasitoid wasps and a fungal pathogen infect the larval stage of 
the weevi in Illinois. The wasps, Bathyplectes curculionis (Thomson) and B. 
anurus (Thomson), were released in Illinois by the USDA in the 1960s and 
1970s and now are found in most alfalfa weevil populations in the state 
(Dysart and Puttler 1965, Dysart and Day 1976). Development of the imma
ture parasitoid within the alfalfa weevil larva eventually kills the host. 

The fungal pathogen, Zoophthora phytonomi (as described in Ben-Ze'ev 
and Kenneth 1982), infects and kills alfalfa weevil larvae; when death oc

1 Center for Economic Entomology, Illinois Natural History Survey, 607 E. 
Peabody, and Department of Natural Resources and Environmental Sciences, College 
of Agriculture, University of Illinois, Urbana-Champaign, IL 61820. 
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curs, one of two spore types, conidia or resting spores, is formed. Conidia re
leased by infected larvae are responsible for horizontal spread of infection 
during the same season, while resting spores remain in the soil and provide 
the next year's inoculum (Ben-Ze'ev and Kenneth 1980). The disease was 
first detected in Canada in 1973 (Harcourt et al. 1974) and since then has 
been observed infecting alfalfa weevils in New York (Muka 1976), Missouri 
and Nebraska (Puttler et aI. 1978), Kentucky (Nordin et al. 1983), Virginia 
(Los and Allen 1983), and California (Johnson et al. 1984). In Illinois, alfalfa 
weevil larvae infected with Zoophthora phytonomi were first collected in 
1979 (Barney et aI. 1980). Detailed epizootiological studies have been con
ducted in Kentucky (Nordin et aL 1983) and Virginia (Los and Allen 1983), 
but until our research, no in-depth study has been done in Illinois. Since ear
lier surveys in Illinois showed infection levels of up to 93% in alfalfa weevil 
larvae (Barney et al. 1980), potential interference between the disease and 
existing larval parasitoids, B. curculionis and B. anurus, was also a major 
concern. 

Although this work was conducted in 1984 and 1985, this study is rele
vant to the development of regional pest management systems in Illinois and 
can be compared with similar studies in other states. The areas chosen for 
this study incorporated 3 fields along a ca. 130 mi. north/south transect with 
65 miles between successive fields. This area includes the south central and 
southern portions of Illinois, which usually have economically damaging pop
ulations of weevils. 

We began an epizootiological study of this disease in Illinois in 1984. 
Field populations of alfalfa weevils were monitored throughout the larval 
season (April through May in order to determine larval population levels and 
the extent of parasitism by Bathyplectes spp. and infection by Zoophthora 
phytonomi disease. The objectives of the current study were to: (1) define the 
relationships between disease onset and both degree- day accumulations and 
larval population levels, (2) measure the effect of the disease on alfalfa wee
vii larval populations, (3) measure the effect of the disease on the success of 
the parasitoids, and (4) clarify the potential of Zoophthora phytonomi disease 
as a biological control agent in alfalfa weevil popUlations. 

MATERIALS AND METHODS 

During 1984, two alfalfa study fields were monitored: one in Dixon 
Springs, Pope County, in the extreme southern part of the state and the 
other in Mascoutah, St. Clair County, in the St. Louis area. In 1985, a new 
study field, located west of Casey in Cumberland County, in east central Illi
nois, was chosen because of its relative proximity to Champaign and because 
it contained a large weevil population. The research was conducted in a one
hectare plot located in the southwestern corner of each alfalfa field. Sam
pling was initiated when apfroximately 100 Celsius-degree days (Cdd), 
based on a 9°C developmenta threshold temperature for the alfalfa weevil 
(Koehler and Gyrisco 1961, Litsinger and Apple 1973), had accumulated from 
January 1. Temperature data were obtained from weather boxes at each field 
location. 

To address our objectives, sampling methods for estimating both disease 
and parasitism levels were necessary; three sampling techniques were used 



THE GREAT lAKES ENTOMOLOGIST1996 131 

over the two year period. In the two 1984 fields, two sampling methods (A 
and B) were used. Procedures for method A were developed by researchers 
involved in a three-state (Indiana, Illinois and Wisconsin) regional project. 
Method B was added for comparison with method A and, because of its conve
nience, to enable sampling an additional field. In the Mascoutah field, both 
sampling methods (A and B) were used and sampling was conducted weekly. 
In the Dixon Springs field, the simpler of the two methods (B) was employed 
and samples were taken at 2-3 day intervals. 

In the more complicated method (A), the hectare was divided into nine 
equal sampling units, and a unique square foot area (.09 m2) within each 
unit was selected randomly on each sampling date. '!\venty: alfalfa weevillar
vae, 10 small (1st and 2nd instar) and 10 large (3rd and 4th instar), were re
moved from the foliage within each square foot area for a total of 180 lar
vaelhectare. Post-collection procedures for these larvae are described later in 
this section. Population levels were determined for method A by cutting an
other square foot (.09 m2) area of foliage adjacent to the first within each of 
the nine units, and removing and counting all larvae from the foliage with 
the use of a modified Berlese funnel in the laboratory. 

In the simpler method (B), used in both Dixon Springs and Mascoutah, 
five evenly-spaced sampling sites (four corner and one center locations) were 
located within the hectare. For determination of disease and parasitism lev
els, Fifty larvae (25 small and 25 large) were removed from a total of 30 
stems; six stems gathered from each of the five sampling sites. The instar 
ranges for the large and small larvae were the same as described previously. 
In method B, population totals were determined by counting all larvae on the 
30 cut stems, including those used to estimate disease and parasitism. 

We later identified weaknesses in the 1984 sampling plan, such as overly 
time-consuming sampling plans (method A), inadequate sample size (method 
B) and infrequent sampling (Mascoutah). A new plan was developed for 1985. 
The 1985 plan (method C), was used at Casey, and the sampling interval was 
two times/week throughout the sampling season. The hectare was divided 
into nine equal sampling units, twelve stems were collected randomly from 
each unit, and all larvae on each stem were removed and examined to deter
mine disease and parasitism levels. Population density was determined by 
cutting the foliage from two one-half square foot (.045 m2) areas in each unit 
and removing and counting all larvae as in method A. 

For all methods used to determine disease and parasitism levels, after 
removal from the foliage, larvae were placed in individual diet cups, each 
with an alfalfa tip and a moist cotton wick. Every two to three days, fresh al
falfa foliage was provided and cups were checked for dead larvae. As larvae 
died, they were examined for disease symptoms. Wet squash mounts were 
prepared from each dead larva or pupa and were examined microscopically 
for the presence of resting spores or conidiospores. The squash mounts were 
not examined for developing parasitoids. Non-infected larvae were checked 
until they pupated, or, if they were parasitized, until wasp larvae had 
emerged and pupated. 

At Dixon Springs, cutting was delayed and sampling continued until the 
weevil population had dwindled to very low numbers. At Mascoutah, sam
pling was terminated by the scheduled cutting only two weeks after we col
lected the first diseased larva and before the epizootic had much time to de
velop. In 1985, the Casey study field was not cut until the weevil population 
was very low and sampling had been terminated. 
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RESULTS AND DISCUSSION 

Epizootic phenology 
Disease onset was shown to be strongly associated with a specific range 

of degree-day accumulations. For this discussion, we are equating first detec
tion of disease with disease onset and the initial stages of an epizootic. In the 
Illinois fields, the first diseased larvae were detected when Cdd accumula
tions were between 150 and 220. The Cdd accumulations for alfalfa weevil 
larval development (Hsieh et al. 1974) for first through fourth instar are 70, 
38,41 and 61 Cdd respectively. Interstate values from Illinois, Kentucky, Vir
ginia, Indiana, and Wisconsin range from 150 in south central Illinois to 287 
in Kentucky, with a median value of 220 and a mean of 224 (Table 1; Los and 
Allen 1983, Nordin et al. 1983; Wisconsin and Indiana unpublished data; In
diana, Illinois, Wisconsin regional project 1984-85. Eighty percent of all val
ues are within 50 Cdd of the mean. An average of 13 years of Cdd accumula
tions in Ontario, Canada (Harcourt et al. 1990) yielded a mean of 204 Cdd. In 
a study in Iowa from 1990-92 Giles et al. (1994) determined a mean of 235. 
These values are very similar, especially considering the extensive range of 
latitudes and locations represented, and that 10 to 15 Cdd per day can accu
mulate during the spring. The consistency of these values underscores the 
usefulness of degree-day accumulations for predicting disease onset. 

To analyze the effect of the disease epizootic on the alfalfa weevil popula
tion and on parasitoid activity, larval numbers, infection levels, and para
sitism levels were compared for each field (Fig. 1, Fig. 2, Fig. 3). Correlations 
(Spearman's) between population density and percent infection were calcu
lated for the Dixon Springs and Casey fields where cutting was delayed and 
the epizootic could be monitored for its entire duration. For both fields, ana
lyzing full-season data yielded significant negative correlations between pop
ulation levels and percent infection (Table 2). Dividing the sampling period 
into two phases helped to clarifY seasonal patterns. In the Dixon Springs and 
Casey fields, weevil population levels initially increased and continued 
sharply upward until infection levels approached 30%. After that time, al
falfa weevil larval population levels began to fall sharply, usually over a pe
riod of about 10 days. Throughout this period, infection levels continued to 
increase, reaching between 80 to 100% by the end ofthe season. In the early 
part of the season, both the weevil popUlation and infection levels were in
creasing and were significantly positively correlated, but by late season, de
creasing population and increasing infection levels produced negative corre
lations. The weevil population continued to decline as a result of the fungal 
pathogen and pupation of 4th instar larvae. Ultimately, there were so few lar
vae present in fields that sampling was discontinued. 

Disease/parasitoid interaction 
In addition to measuring the effect that the Zoophthora phytonomi dis

ease exerted on the alfalfa weevil population, we examined its effect on the 
success of the established parasitoids. Since both the pathogen and the para
sitoids affect the larval stage of the weevil, compatibility among these biolog
ical control agents may in part determine their individual success. Bathy
plectes curculionis and B. anurus were first detected parasitizing alfalfa 
weevil larvae in Illinois fields in 1964 (Dysart and Puttier 1965) and com
monly have been responsible for parasitism levels of 30 to 40% in the state. 
Bathyplectes anurus is most active early in the weevil season, but parasitism 
by B. curculionis typically builds throughout the larval season and peak par
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Table 1. Observed calendar date, cdd accumulations, % infection and population den
sity at first incidence of Zoophthora phytonomi disease for alfalfa fields in Illinois, 
Kentucky, Virginia, Indiana and Wisconsin. 

Year, location and 

sampling method 


ILLINOIS 

1984 
Mascoutah A 
MascoutahB 
Dixon Springs B 

1985 
Casey C 

KENTUCKY a 
Spindletop 

1980 
1981 
1982 

Glasgow 
1980 
1981 
1982 

VIRGINIAb 

1979 
1980 
1981 

INDIANAC 

1984 
Bedford 

WISCONSINC 

1984 
Dane Co. 
Door Co. 

Calendar date 

of disease onset 


3 May 

9 May 


30 April 


23 April 

10 May 
2 April 
5 May 

1 May 
14 April 
29 April 

8 May 
23 April 
15 April 

8 May 

4 June 
6 June 

Cdd at disease 
onset 

150 
174 
220 

194 

222 
270 
274 

234 
249 
287 

246 
200 
195 

286 

199 
186 

% infection 
No. larvae! 

stem 

1.4 
3.3 
2.2 

.8 

1.9 
1.6 
4.7 

.76 

4.5 
<1 
<1 

1.7 
2.7 
10.0 

49.0 
.4 

2.3 

2.5 

.5 
2.5 

a Data from Nordin et al. 1983 
b Data from Los and Allen 1983 
cUnpublished data 

asitism follows the larval population peak in early to mid May (Richardson et 
al. 1971, Puttler 1967, Miller et al. 1972, Miller and White 1973). 

Bathyplectes curculionis was overwhelmingly the most prevalent of the 
two species in all study fields, constituting between 80 to 100% of wasp co
coons produced. In the two fields where delayed cutting allowed extended 
sampling (Casey and Dixon Springs), parasitism levels were at their highest 
at the beginning of the weevil season and detection of parasitized larvae pre
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Figure 1. Alfalfa weevil larval population, % infection and % parasitism at 
Mascoutah, Illinois, 1984. 
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Figure 2. Alfalfa weevil larval population, % infection and % parasitism at 
Dixon Springs, Illinois, 1984. 
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Figure 3. Alfalfa weevil larval population, % infection and % parasitism at 
Casey, Illinois, 1985. 

ceded onset of disease by approximately two weeks (Fig. 2, Fig. 3). Para
sitism decreased as larval counts increased. During the first part of the sea
son, when infection levels were low, correlations between percent parasitism 
and percent infection were not significant. During the latter part of the sea
son, when infection levels were at their highest, percent infection and para
sitism always were significantly negatively correlated, with parasitism 
falling while infection rose (Table 2). In the 1984 Mascoutah field, a cutting 
interrupted sampling, but a trend similar to that noted in the other two loca
tions may have been developing (Fig. 1). From 27 April through 9 May, both 
parasitism and percent infection were increasing, with parasitism about 15% 
higher than infection. On the last sampling date, (16 May), however, para
sitism levels had fallen while infection levels had increased, so that infection 
was more prevalent than parasitism. 

Two biocontrol agents attacking the same stage of the host have the po
tential of negatively affecting each other. Interference between fungal 
pathogens and parasitoids has been previously documented (King and Bell 
1978, Loan 1981). In the alfalfa weevil, because of the difference in length of 
time from infection or parasitism until death (approximately five days for the 
fungus and 10 days, or until weevil pupation, for the parasitoid), a larva in
fected and parasitized simultaneously most likely would die from the disease 
before the parasitoid could complete its development within the diseased 
host. This competition would vary depending on the relative times of infec
tion and parasitism. These effects, however, have never been examined for 
this particular insectihostJparasitoidipathogen relationship. Our field data 
support the conclusions of Los and Allen (1983) that interference does occur 
among the parasitoids and the pathogen, and that the parasitoids are af
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Table 2. Correlation coefficients of the relationships between percent Zoophthora phytonomi infection and population density of Hy
pera postica and between percent Zoophthora phytonomi infection and percent parasitism by Bathyplcctes sp. in Illinois. (n = no. lar
vae examined for infection and parasitism) 

Year and location 

1984: Dixon Springs 

Zoophthora sp. 

correlation 
coefficient 

and H. postica 

level of 
significance 

Zoophthora sp. 

correlation 
coefficient 

and Bathyplectes spp. 

level of 
significance 

-! 
::I: 
m 
Q 
:?O 
m 
~ 

all season (n=534) 

4123-5/9 (n=321) 

519-5/28 (n=213) 

1985 Casey 

all season (n=890) 

-.450 

.622 

-.713 

-.682 

.05>p>.025 

.05>p>.025 

.025>p>.Ol 

.025>p>.Ol 
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-.682 

-.718 
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fected negatively by the presence of the pathogen. Loan (1981), in Ontario, 
Canada, used a fungicide to control Zoophthora phytonomi disease in half of 
his study plots and was able to reduce the incidence of diseased larvae by 88 
to 99%. He found that in untreated plots 13% of the alfalfa weevil larvae 
were parasitized by larval parasitoids, Microctonus colesi Drea, while in 
treated plots 77% of larvae were. Results of Loan (1981), strongly support 
conclusions of Los and Allen (1983) and of the 1984-85 Illinois data pre
sented herein. It seems likely that if the pathogen remains active in Illinois, 
the parasitoid population eventually will decline significantly. 

Control potential ofZoophthora phytonomi disease 
Documented accounts of the progression of disease epizootics in specific 

locations show that control from the disease varies considerably with loca
tion. In Ontario, Canada, based on a ten-year study, Harcourt et al. (1984) 
concluded that the alfalfa weevil has ceased to be an economic problem due 
to the high level of infection from Zoophthora sp. disease. Epizootics there oc
curred early enough in the spring to control the pest. In Virginia (Los and 
Allen 1983) and Kentucky (Nordin et al. 1985) and in previous years in Illi
nois, epizootics have usually occurred too late in the spring to exert adequate 
control. In the present study, however, we found variation among study sites 
regarding control potential. We believe that the epizootic in the Casey field in 
1985 was directly responsible for preventing the larval population from 
reac the economic threshold, but this was not the case in the other two 
study fi ds. 

Development of an epizootic and success of Zoophthora phytonomi dis
ease as a control agent strongly depends on the temporal relationship among 
fungal, insect, and crop growth. These relationships are, therefore, ulti
mately dependent on climatic influences. Climatic conditions (temperature, 
humidity, rainfall) affect each component in the alfalfa ecosystem differently. 

In addition, certain characteristics of an insect host population may in
fluence the ability of a pathogen to maintain the population at sub-economic 
levels. The size of population peaks and the temporal spacing between them 
may be important. Thomison and Pedigo (1984), studying the epizootiology 
of Nomuraea rileyi in soybeans, found that the relative size of first and sec
ond generations of green cloverworm larvae strongly affected the develop
ment and extent of fungal epizootics. While alfalfa weevil larvae are predom
inantly univoltine, separate population peaks, dependent on the relative 
number offall-, winter-, or spring-laid eggs, may be visible within that gener
ation. In areas where substantial fall and/or winter egg laying occurs, a large 
first wave of larvae hatches in early spring. If this population exceeds the 
disease threshold, the epizootic may begin at this time. The already initiated 
epizootic will cause the infection to spread rapidly through larvae hatching 
from spring-laid eggs and the population may be controlled. This phenomena 
was observed in the Casey field in 1985, when well into the season, a second 
wave of larvae hatched and subsequently experienced high fungal-induced 
mortality. Once the epizootic is initiated, and the weather remains relatively 
cool and wet, this fungal pathogen will continue infecting larvae until the 
population is reduced to extremely low levels. In areas or seasons where 
spring egg-laying substantially exceeds fall and winter egg-laying, the onset 
of an epizootic will most likely develop from larvae that hatched from spring 
laid eggs rather than from eggs laid in fall. In most years, the fungal 
pathogen doesn't become epizootic early enough in Illinois to prevent weevil 
larvae from reaching the economic threshold. 
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Cultural control practices may be manipulated to aid the development of 
a fungal disease already present and active in the field. At Dixon Springs in 
1984, the alfalfa crop grew quickly in the cool temperatures and harvest 
could have been performed before damage was severe. Our delayed cutting 
for research purposes prolonged larval feeding and allowed more crop dam
age, an atypical situation. An early harvest in fields where larval populations 
are high and disease activity is present will halt damage to the first.. crop and 
may encourage an epizootic in larvae feeding on the second crop. After the al
falfa foliage is removed, larvae are exposed to the soil containing fungal in
oculum, which could initiate additional infection and possibly promote an 
epizootic (Johnson et al. 1984). 

Zoophthora phytonomi disease has been shown to have high potential as 
a naturally occurring biological control in a variety of situations. The exact 
requirements necessary for the development of the disease are still unknown. 
Further study is necessary before Zoophthora phytonomi becomes a consis
tently useful component of an alfalfa weevil integrated pest management 
program. In addition, the long-term effects of the fungus on established para
sitoids merits continued study. These two areas of research could be explored 
through both field and laboratory studies. Finally, incorporation of Zooph· 
thora phytonomi disease into control programs depends largely on the devel· 
opment of accurate and efficient sampling methods. 
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MOTHS OF THE DOUGLAS LAKE REGION 

[EMMET AND CHEBOYGAN COUNTIES), MICHIGAN: 


V. CRAMBIDAE AND PYRALIDAE (LEPIDOPTERA)' 


Brian Scholtens2 

ABSTRACT 

187 species of Pyraloidea from Emmet and Cheboygan Counties in Michi
gan are documented, providing the first extensive list of any microlepi
dopteran group for any part of the state. This list complements those of the 
well studied macrolepidoptera ofthe region, and provides a starting point for 
examining the remainder of the microlepidopteran fauna. 

Over a period of many years our knowledge of the Lepidopteran fauna of 
the region around the University of Michigan Biological Station (UMBS) has 
expanded due to the efforts of many researchers (Welch 1915, Voss 1954, 
Voss and Wagner 1956). Most recently Voss (1970, 1981, 1984, 1991) has pub
lished a series of papers lis the macro-moths of the region (defined as 
Emmet and Cheboygan Cos.) ss (1984) provided an excellent, concise de
scription of the Douglas Lake region. 

Unlike the well documented macrolepidopteran fauna, only two short 
lists for the region include microlepidopterans. Welch's 1915 list included 27 
pyraloids and Moore (1922) published a list of northern Michigan lepidoptera 
which included 4 species of pyraloids from Emmet and Cheboygan Counties. 
Several very large families of microlepidoptera (a significant component of 
the total fauna) have not been covered. Listed here are the Crambidae and 
Pyralidae known from the Douglas Lake region, numbering 187 species, and 
bringing the total number of lepidopteran species documented from the area 
to 937 (including all earlier compilations, additions to these families and the 
current list). This is a 492% increase from Welch's (1915) first listing of 158 
species and a 102% increase from the lists of Moore (1955, 1960). The num
ber of pyraloids from the Douglas Lake region represents approximately 58% 
of the total number known from the state (Scholtens unpub. data), and the 
total known fauna of the region (still minus several large microlepidopteran 
families) now represents 48% of the total known from the state (not including 
families not yet listed for the Douglas Lake region)(Nielsen unpub. data). Ap
proximately 20% of the lepidopteran species documented from the Douglas 
Lake region are pyraloids. 

The pyraloids are an appropriate starting point for an inventory of the 
microlepidoptera of the region, because among the entomologists at the sta
tion during its first 50 years were several who described the biology of some 

1 Contribution from the University of Michigan Biological Station 
2 Biology Department, College of Charleston, Charleston, SC 29424. 
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aquatic crambids, primarily in the subfamily Nymphulinae (Berg 1949, 1950; 
Frohne 1938, 1939a,b; McGaha 1952, 1954; Welch 1916, 1919, 1922, 1924; 
Welch and Sehon 1928). Since that time little, if any, work has been done on 
the pyraloids of the region. The Pyraloidea also contain several species that 
have a significant economic impact on a wide variety of important products.
Included in the group are the European corn borer (Ostrinia nubilalis) the 
sodwebworms (turfgrass and crop pests, subfamily Crambinae), pests of for
est and fruit trees (Dioryctria and Euzophera semifuneralis), some of the 
most important stored product pests (Plodia and Ephestia), as well as many 
other species that are at least occasional pests (Holloway et al. 1987 and refs. 
therein, Zhang 1994). 

Although most pyraloids can be easily recognized by wing pattern, until 
recently, very few illustrations of these moths had been published, making 
identification of specimens a challenge. Forbes (1923) provides useful, but 
now somewhat outdated keys. A start to making pyraloid identification eas
ier was the publication of several fascicles of the Moths of America North of 
Mexico by Munroe. These cover the Scopariinae, Nymphulinae, Odontiinae, 
Glaphyriinae, Evergestinae (1972-3) and Pyraustinae through the genus 
Pyrausta (1976), providing not only useful keys, but also color figures of each 
species. For the Crambinae, Landry (1995) is an excellent source of identifi
cation, life history, and literature information and illustrations, but older pa
pers by KIots (1940, 1942, 1968, 1970) are also useful for various species. 
Photos of confirmed specimens provided by George Balogh, along with sev
eral dissections done by him were extremely helpful. Identification of most 
Phycitinae by genitalic characters is possible using Heinrich (1956), and he 
also provides keys. Neunzig (1986, 1990, in press) has now treated several 
genera of this subfamily in 3 fascicles of the Moths of America North of Mex
ico, including the difficult Acrobasis. Some of our species are also figured in 
Covell (1984), Holland (1968) and Kimball (1965). Shaffer (1968) treated the 
species of Peoriini. I have reared only a few of the species; thus host plant in
formation originates from the previously mentioned sources and work by 
Allyson (1976, 1977, 1981, 1984), unless otherwise noted. 

METHODS 

The listing follows the Hodges (1983) numbering sequence, with species 
recognized subsequent to that list inserted as tenths in the sequence. The 
classification scheme follows that of Munroe, as presented in the Hodges 
(1983) checklist, with multiple changes in the Crambinae (Landry 1995) and 
Epipaschiinae (Solis 1992, 1993), along with several generic and subfamilial 
realignments as adopted in Heppner (1995). These two families have long 
been considered two major clades of the single family, Pyralidae, but they are 
now generally considered distinct families (e.g. Minet 1981, Solis and Mitter 
1992, Solis 1993). Munroe, in his notes on the Pyraloidea in Heppner (1995), 
provides an excellent discussion ofthe reasons supporting such a split. 

The conventions previously established in the Voss lists are followed 
here, but because there are so few published regional records for microlepi
doptera, all records are based on specimens examined by the author. The 
counties in which each species has been collected are listed, and an indica
tion of abundance is sometimes given, based on collection frequency and the 
author's experience. These abundance estimates must be interpretted cau
tiously. Relatively little collecting of microlepidoptera has been done, and 
only recently have some of the species been found to be common or abundant 
at appropriate times in specific habitats. Other little known, or apparently 
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rare species may be equally common in other habitats, or at other times of 
the year. Also included are the extreme flight dates and notes on habitats 
and host plants. Flight dates are no doubt somewhat influenced by my typi
cal collecting season at the Biological Station, which runs from mid-June to 
mid-August, however, reasonable samples are available from myself and 
other collectors for earlier and later dates. 

Records were gathered by examining all determined and undetermined 
material in the collections of the University of Michigan Biological Station, 
the University of Michigan Museum of Zoology (UMMZ), and Michigan State 
University (MSU). The private collections of Edward Voss and George Balogh 
were also examined. My collecting in the UMBS region over the last 13 years 
has provided the largest number of records. Most of my specimens were col
lected at ultraviolet light sheets or traps, but several species, particularly 
those in the Crambinae have been mainly netted during the day. All my spec
imens are now in my collection at the College of Charleston. All records are 
entered in a Filemaker Pro 3.0 database (Claris Corporation 1996) from 
which flight dates, collecting localities, collectors, and rearing information 
can be retrieved. Of the listed species, the author's collection contains 88% 
from our region, the Voss collection 46%, and the UMMZ 32%, with smaller 
percentages in the other collections. 

FAMILY CRAMBIDAE 

SUBFAMILY SCOPARnNAE 

4716 SCQparia biplagialis Wlk. -Cheboygan, Emmet: 18 June--8 Sept. Our most 
abundant member of the subfamily. Members of this genus and the next can be 
difficult to distinguish superficially, but are easily identified by genitalic dis
section and reference to Munroe (1972-73). 

4717 SCQparia penumbralis Dyar-Cheboygan, Emmet: 16 June-ll July. A drab, 
brown species of which there are few specimens, but which is common in cedar 
swamps during the flight period. Taken both during the day and at light at 
night. 

4719 Scoparia basalis Wlk.-Cheboygan: 30 June-14 Aug. Only 3 specimens of 
this species are known, but because it is so similar to other species, it may be 
easily overlooked. 

4737 Eudonia lugubralis (Wlk.)-Cheboygan: 14-23 June. A northern species un
known from the region until 1993. Since that time I have taken several speci
mens. 

4738 Eudonia strigalis (Dyar)-Cheboygan: 30 June-9 Aug. The most striking 
member of the subfamily with distinct black markings on nearly white wings. 

4739 Eudonia heterosalis (McD.)-Cheboygan: 13 July-15 Aug. This species and 
S. biplagialis and S. basalis are the most difficult of the subfamily to distin
guish in our area. Although most specimens can be placed reliably, confirmed 
identifications have been made by genitalic dissection. 

SUBFAMILY NYMPHULINAE 

4747 	 Nymphula ekthlipsis (Grt.)-Cheboygan, Emmet: 16 June--4 Aug. Common 
to abundant in areas with standing water and waterlilies. This species, along 
with M. icciusalis and P. allionealis, form a trio of abundant aquatic species 
that are often seen flying together. All are easily kicked up while walking 
through appropriate habitat during the day, or can be taken at light. All the 
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species in this subfamily are easily distinguished by reference to the figures in 
Munroe (1972-73). 

4748 Munroessa icciusalis (Wlk.)-Cheboygan, Emmet: 14 June-6 Aug. As with 
N. ekthlipsis, very common in areas of standing water with emergent vegeta
tion. According to Welch (1916) it feeds primarily on Potamogeton natans 
(pondweed), but it has been found on Brasenia schreberi (water-shield) and 
Vallisneria americana (tape-grass)(McGaha 1954). 

4751 Munroessa gyralis (Hulst)-Cheboygan: 18 July-26 Aug. This species was 
studied in some detail by McGaha (1954) and found to feed on Nymphaea 
(water-lily), 

4755 Synclita obliteralis (Wlk.)-Cheboygan: 22 June-7 Aug. 
4759 Parapoynx maculalis (Clem.)-Cheboygan: 17 June-22 Aug. Studied by 

Welch (1916), this species feeds on the yellow pond-lily CNuphar uariegata). 
4760 Parapoynx obscuralis (Grt.)-Cheboygan: 20 June-6 Aug. Only 3 speci

mens are known. Berg (1950) found it feeding on Potamogeton spp. and 
Nuphar advena, (presumably from Washtenaw County in the southern part of 
the state) while McGaha (1954) reported it feeding on Vallisneria americana, 
although eggs were laid on Potomogeton natans. 

4761 Parapoynx badiusalis (Wlk.)-Cheboygan, Emmet: 17 June-26 Aug. Ac
cording to the work of Berg (1950) and McGaha (1954), the larvae feed primar
ily on Potamogeton. 

4764 Parapoynx allionealis Wlk.-Cheboygan, Emmet: 16 June-9 Aug. A very 
abundant moth. It has been reared from Potamogeton natans (Berg 1950) and 
Nymphaea odorata (McGaha 1954) in our area. 

4774 Petrophila bifascialis (Rob.)-Cheboygan: 15 July 1994. A single specimen 
taken in Reese's swamp near a small stream. 

4779 Petrophila canadensis (Mun.)-Cheboygan: 18 June-9 Aug. This and the 
previous species are our only aquatic species associated with rivers and streams. 
This species is taken commonly, even a fair distance from flowing water. I have 
larvae that are presumably this species taken by Valerie Talsma from the Black 
River. 

5299 Acentria ephemerella (D. & S.)-Cheboygan: 4 Aug 1990. Although only a 
single individual is known from our region, this European species is no doubt 
more common in the area. It is now know from Mackinac Co. just north of the 
Straits of Mackinaw and from Otsego Co. just to the south of our area. It was 
first recorded from North America in 1927, and has been spreading rapidly 
since then (Scholtens and Balogh 1996). Passoa (1988) showed that it is cor
rectly placed in the Nymphulinae even though the checklist number indicates 
a placement in the Schoenobiinae. The larvae are aquatic and feed on 
Eurasian watermilfoil (Myriophyllum) as well as other aquatic plants, and 
they have been suggested as a possible biological control of this aquatic weed. 

SUBFAMILY ODONTIINAE 

4789 Metrea ostreonalis Grt.-Cheboygan: 6 July 1952. Voss took a single speci
men of this species from UMBS at light. It is apparently rare throughout the 
state. 

4796 Microtheoris ophionalis (Wlk.)-Cheboygan, Emmet: 6 July-15 Aug. This 
small moth is probably much more common, both in our region and statewide, 
than the sparse collection records would indicate. I have seen it very com
monly at UV light and Voss took it at both gasoline lantern and incandescent 
light. 
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SUBFAMILY GLAPHYRIINAE 

4870 Glaphyria sequistrialis Hbn.-Emmet: 2 July 1991. I took a single speci
men of this species in aspen woods east of Pellston. It is common in the south
ern part of the state. 

4877 Aethiophysa lentiflualis (Zell.)-Cheboygan, Emmet: 22 July-7 Aug. 
Statewide, collection records would indicate that this species is uncommon, 
but I see it regularly at UV light at UMBS. 

4879 Xanthophysa psychialis (Hulst)-Cheboygan, Emmet: 2 July-5 Aug. This 
and the preceding 2 species are very similar in color pattern and size. This 
species is the only one of the 3 with metalIicAM and PM lines on the forewing. 

[4888] Lipocosmodes fuUginosalis (Fern.)-Welch (1915) listed this species from 
our region, but I have not located a specimen to verify this. 

4889 Dicymolomiajulianalis (Wlk.)-Cheooygan: 17 June-8 July. Taken only on 
the dunes at Grass Bay Nature Preserve (GBNP) on Lake Huron, it is known 
to feed on the seed heads of cat-tail (Typha), other plant species and egg cases 
of psychid moths. 

SUBFAMILY EVERGESTINAE 

4897 Evergestis pallidata (Hufn.)-Cheboygan, Emmet: 20 June-25 Aug. Occa
sionally a pest on crucifers, this species seems to be much more common in the 
late summer than in the spring brood. 

4901 Evergestis unimacula (G. & R.)-Cheboygan, Emmet: 14 June-9 July. Ap
parently not a common moth in the region. 

SUBFAMILY PYRAUSTINAE 

4935 Saucrobotys fumoferalis (HuIst)-Cheooygan, Emmet: 18 June-18 July. 
4936 Saucrobotys futUaUs (Led.)-Cheooygan, Emmet: 14 June-18 July. Larvae 

of this species are easily located, feeding gregariously in webs on dogbane 
(Apocynum). 

4937 Nascia acutella (WIk.)-Cheooygan: 1-27 July. This species is apparently 
much more common in the southern part of the state, although there are 
records well into the Upper Peninsula. I have taken it only along the shore of 
Lake Huron at GBNP. 

4944 Crocidophora seratissimalis ZeII.-Cheboygan: 4 July 1936. A single speci
men taken by Peet at Burt Lake. 

4949 Ostrlnia nubilalis (Hbn.)-Cheboygan, Emmet: 30 May-27 Aug. This 
species, the European corn borer, causes tremendous damage to corn crops an
nually. It is common, even in our region where corn fields are not. 

4950 Fumibotys fumalis (Gn.)-Cheboygan, Emmet: 17 July-26 Aug. The larvae 
feed in the rhizomes of mints and are sometimes a pest on peppermint (Men
tha piperita)(Allyson 1981). 

4951 Perispasta caeculalis Zell.-Emmet: 7 July 1993. I have 2 specimens of this 
species, which is common farther south, taken at UV light along the east 
branch of the Maple River. 

4952 Eurrhypara hortulata (L.)-Cheboygan: 25 June-17 July. This European 
introduction is strikingly marked with black on a white background. First col
lected in 1989, it is not widespread in the state, but it is evidently established 
around UMBS. The larvae are known to feed on a variety of plants in Europe 
(Munroe 1976). 
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4953a Phlyctaenia coronata tertialis (Gn.)-Cheboygan, Emmet: 1-24 July. The 
larvae web leaves on shrubs, particularly elder (Sambucus spp.)(Allyson 1981). 

5262 Phlyctaenia (=Framinghamia) helvalis (Wlk.)-Cheboygan, Emmet: 13 
Jime-31 July. The genus Framinghamia was recently synonomized with 
Phlyctaenia (Maes 1994), and I have chosen to place the species here rather 
than in checklist order. It is often confused with the less common Nealgedonia 
extricalis. The two can most easily be told apart by the shape of the post-me
dian band on the forewing. Just distal to the cell the band juts out distally. On 
N. extricalis this portion of the PM band has 4 distinct teeth and on P. helualis 
it generally has only 3 distinct teeth (a 4th is present toward the costa, but 
doesn'tproject as far distally as the others). The larva is a leafroller on poplar 
(Populus spp.)(Allyson 1984). 

4956 Nealgedonia extricalis (Gn.)-Emmet: 3-7 July. Allyson (1981) described 
the larvae as solitary leafrollers on alder (Alnus spp.), balsam poplar (Populus 
balsamifera) and white birch (Betula papyrifera). 

4957 Mutuuraia mysippusalis (Wlk.)-Cheboygan: 18-30 June. This moth has 
been taken only a few times throughout the state, but I find it with some regu
larity at UMBS. 

4958a Anania funebris glomeralis (Wlk.)-Cheboygan, Emmet: 16 June-4 July 
(18 Aug). This moth can be seen flying during the day around stands of golden
rod (Solidago), its larval host plant. I have also taken it at UV light at night. 

4987 Sitochroa chortalis (Grt.)-Cheboygan, Emmet: 15 June-18 July. This 
species is known from open areas, including specialized calcareous fens and 
alvar habitats in the Upper Peninsula. Allyson (1976, 1977) described the 
larva from pigweed CAmaranthus retroflexusl. 

4992 Uresiphita reversalis (Gn.)-Cheboygan: 7 July 1952. This species, taken 
only once by Voss, is most likely an occasional migrant from the southern 
United States. Balogh has one specimen from Leelanau Co., just to our south. 
The larvae feed on various legumes and are gregarious and aposematic 
(Bernays and MontIIor 1989), while the adults are apparently palatable and 
without sequestered chemicals (Leen 1995). 

5004 Loxostege sticticalis (L.)-Cheboygan, Emmet: 26 June-18 Aug. This is ap
parently the most common of the three Loxostege species in the area. The lar
vae feed on many different plants and are occasional defoliators of sugar beets, 
alfalfa, and vegetable crops (Allyson 1981). 

5016 Loxostege commixtalis (Wlk.)-Cheboygan: 22 June 1995. I have taken this 
species only once on the dunes at GBNP. It is a northern species found in the 
bogs of the Upper Peninsula. Welch (1915) listed commixtalis, but Munroe 
(1976) showed that this name had been misapplied to the next species, L. cer
emlis. 

5017 Loxostege cereralis (Zell.)-Cheboygan, Emmet: 27 May-26 Aug. This 
species was long misidentified as L. commixtalis. Munroe (1976) showed that 
the true commixtalis was the northern species described above. The larvae of 
this species feed on a similar array of plants to L. sticticalis (Allyson 1981). 

5032 Pyrausta nicalis (Grt.)-Cheboygan: 25 June 1990. Only taken once in the 
region, this species has been collected only a few times in the state. 

5034 pyrausta signatalis (Wlk.)-Cheboygan, Emmet: 7 July-9 Aug. Although 
only 4 specimens of this species are known from the region (all taken at light), 
it is widespread and common over most of the state. 

5058 Pyrausta orphisalis Wlk.-Cheboygan, Emmet: 30 May-13 Aug. This dou
ble-brooded moth flies during the day and at night. I have observed oviposition 
on the flowers of beebalm (Monarda fistulosa) at the jack pine plains south of 
Indian River, and Balogh has reared the species from this same genus of mint. 
Campbell and Pike (1984) state that it feeds on all commercial mints (Mentha) 
in Washington. 
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5060a Pyrausta insequalis (Gn.)-Cheboygan: 23 June 1934. This species has been 
taken only once in the region, and rarely in the state. Munroe (in Heppner 
1995) synonomized subsequalis with this name, which was given priority. 

5068 Pyrausta unifascialis subolivalis (Pack.)-Emmet: 4 July 1996. A single 
individual was taken flying during the day in an old field west of Pellston. 
Allyson (1981) described the larva from pussytoes (Antennaria spp.). 

5071 Pyrausta acrionalis (Wlk.)-Cheboygan: 27 May 1990. Taken only once in 
the area by Balogh, this species is common to abundant in other parts of the 
state. 

5075 Pyrausta socialis (Grt.)-Cheboygan, Emmet: 4-28 July. This widespread 
species is very similar to P. fodinalis, a northern species that occurs in Upper 
Peninsula bogs. The latter species has never been taken the the Lower Penin
sula, but there are records from Mackinac County just across the straits. 

5079 Udea rubigalis (Gn.)-Cheboygan, Emmet: 14 June-22 July. One of our 
commonest pyraloid moths, it can be taken both at light and during the day 
when flying through low weeds. The larva, known as the celery leaf Her, feeds 
on a wide variety of herbaceous plants and can be a major pest of several veg
etable crops (Allyson 1984). 

5117 Loxostegopsis m.€rrickalis (B. & McD.)-Cheboygan: 16 July 1931. Two 
specimens are in the collection at MSU. 

5156 Nomophila nearctica Mun.-Cheboygan, Emmet: 12 June-24 Aug. An occa
sional pest on turf grass and forage plants, this moth is ubiquitous in the re
gion and the state. 

5159 Desmia funeralis (Hbn.)-Cheboygan: 18 June-2 Aug. This species and the 
next are easily confused and have been variously considered 1 or 2 species. 
Once a series is examined consistent differences can be noted. These include 
overall size, with funeralis the larger of the two (this only holds when compar
ing the same sex), and the extent of the white spotting on the wings, with fu
neralis having relatively larger spots (there is a great deal of variation in this 
character, however). An additional character that I have used is the white 
banding pattern on the underside of the abdomen. On maculalis, the white 
scaling is usually interrupted by two black bands on the 3rd and 5th abdomi
nal segments, whereas on funeralis the white scaling is generally continuous 
or broken only once by a black stripe on the 5th segment. This character also 
shows some variation especially in the southern parts of the range. Both are 
recorded as feeding on grapes (vitis) as larvae, but there may be some segrega
tion by food plant because records also exist for evening primrose 
(Oenothera)(Forbes 1923), Gaura (Balogh pers. comm.), and redbud 
(Cercis)(Forbes 1923). In our region funeralis is apparently the more common 
of the two. 

5160 Desmia maculalis Westwood-Cheboygan: 30 May-9 July. 
5169 Hymenia perspectalis (Hbn.}-Emmet: 6 July 1946. Taken only once by 

Voss at light at Mackinaw City, this and the next species are abundant south
ern species that occasionally migrate north. 

5170 Spoladea recurvalis (F.)-Cheboygan: 24 Oct 1975. 2 specimens taken by 
Nielsen at Grass Bay. Known as the Hawaiian beet webworm, the larva occa
sionally defoliates beet crops (Allyson 1984). 

5174 Diathrausta reconditalis (Wlk.)-Cheboygan, Emmet: 1 July-21 Aug. The 
related southern species CD. harlequinalis) feeds as a larva on Selaginella 
(spike-moss)(Habeck et al. 1995). Both this pteridophyte genus and the related 
Lycopodium (club-moss) occur in our region, making these likely hosts. 

5176 Anageshna primordialis (Dyar)-Cheboygan, Emmet: 16 June-8 July. AI
thought it occurs in other habitats, it is most abundant in cedar swamps, 
where it has been implicated (along with mosquitoes) in the pollination of the 
blunt-leaf orchid, Platanthera obtusata (Voss and Riefner 1983). 
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5222 	 Palpita arsaltealis (Wlk.)-Cheboygan, Emmet: 27 May-7 Aug. Both 
species of Palpita have complex and variable mottled patterns of black or 
brown on a lighter background. Because of this they have often been confused. 
The background color of arsaltealis is typically brown-gray, much darker than 
the nearly white background of magniferalis. P. magniferalis, on average, also 
has a much larger and pronounced discal spot on the forewing. Both were 
treated in Munroe (1952) which also gives good genitalic characters. 

5226 	 Palpita magniferalis (Wlk.}-Cheboygan, Emmet: 13 June-11 July. This 
species feeds on ash (Fraxinus spp.)(Allyson 1984). 

5241 	 Pantographa limata (G. & R.)-Cheboygan, Emmet: 14 June-28 July. This 
is the largest of our pyraloids, with a wingspan well over an inch. As a larva it 
rolls the leaves of basswood (Tilia). 

5250 Lygropia rivulalis Hamp.-Cheboygan: 27 June-20 July. This species is ap
parently much more common in the southern part of the state. 

5255 Diastictis ventralis (G. & R.)-Cheboygan: 14 June-7 Aug. Not taken com
monly in the state or our region. I have taken only two specimens, and Voss 
only one, all at light. 

5276 	 Herpetogramma abdominalis (Zell.}-Cheboygan, Emmet: 18 June-14 Aug. 
This species and the next are members of a group of taxonomically very difficult 
species in the genus Herpetogramma. Apparently only these two occur in the 
northern part of the state, but probably two others occur further south. This con
fusion evidently led to Welch's (1915) listing of H. pertextalis. The pattern of 
spots and lines is nearly identical in these species, with abdominalis averaging 
lighter and thestealis darker, especially along the outer margin of the wings. 
Complicating matters is the sexual dimorphism of the species (females are 
lighter than males). Both are common species. Several of the food plant records 
for H. pertextalis in Allyson (1984) may well apply to one or both of these species. 

5277 	 Herpetogramma thestealis (Wlk.)-Cheboygan, Emmet: 3 July-5 Aug. 
5280 	 Herpetogramma aeglealis (Wlk.)-Cheboygan: 11 July-7 Aug. The most 

distinctive of our Herpetogrammas, although still often confused with the 
other two. The background color of this species is grayer and the spots and 
lines less pronounced. 

5281 	 Pilocrocis ramentalis Led.-Cheboygan: 27 Aug 1989. Another immigrant 
from the south. I took one specimen at UV light at UMBS. The only other state 
records are from Washtenaw Co. (UMMZ) and Allegan Co (GJB). 

SUBFANULYSCHOENOBllNAE 
5307 	 Carectocultus perstrialis (Hbn.)-Cheboygan: 22 June-4 Aug. I have taken 

this and the next species both during the day and at UV light at GBNP, where 
they are associated with the interdunal wetlands. C. perstrialis has a white 
longitudinal stripe on the forewing, while repugnatalis has a plain, dark 
brown forewing. Both are transferred from the genus Scirpophaga (Munroe in 
Heppner 1995). 

5308 	 Carectocultus repugnatalis (Wlk.)-Cheboygan: 5-18 July. 
5316 	 Donacaula melinella (Clem.)-Cheboygan, Emmet: 17 June-14 Aug. This 

is apparently the more common and widespread of our two Donacaula species. 
It is generally darker in coloring, but the actual pattern on the forewing varies 
a great deal. It can be nearly plain light brown, have a darker longitudinal 
stripe, or have a distinct light stripe along the costal margin. These forms 
have all received names, but they all occur together where this species flies, 
and the genitalia are identical. The females have a distinctly pointed forewing 
tip which the males lack. Frohne (1939b) found that this species feeds on 
Eleocharis smallii (spike-rush) in Douglas Lake, Lancaster Lake and Black 
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Lake, all in Cheboygan County. Welch (1915) reported Donacaula tripunctella 
questionably from the region, but I have not found specimens of this species 
for any location in Michigan, and his were no doubt misidentified. 

5319 Donacaula longirostrella (Clem.)-Cheboygan: 18 June-7 Aug. A generally 
lighter colored species, marked similarly to the form of melinella with a dark, 
longitudinal stripe on the forewing. Females of this species do not have the 
distinctly pointed forewing tip. The male genitalia of these two species are dis
tinctive and can be seen by brushing the tip of the abdomen (Forbes 1923). 

SUBFAMILY CRAMBINAE 

5333 Prionapteryx nebulifera Steph.-Cheboygan, Emmet: 4-25 July. This dis
tinctive looking species flies in sandy areas including inland jack pine plains 
and on the lakeshore dunes. Balogh has reared this species from sand cherry 
(Prunus pumila), on which it forms sand tubes leading from the substrate to 
the leaves of the plant. Daecke (1905) described this species making sand 
tubes on huckleberry and sand myrtle in New Jersey. Larvae retreat into the 
tube when not feeding. This, and related species used to be placed in the sub
family Ancylolomiinae, but are now referred to the Crambinae (Landry 1995). 

5339a Crambus pascuellus floridus Zell.-Cheboygan, Emmet: 16 June-16 Jul 
(I5 Aug). The genus Crambus is one of the most diverse in our fauna. Although 
several species are occasional turf grass pests and can be found in many weedy 
areas, the highest diversity of species seems to be along the Great Lakes 
shoreline in the interdunal wetlands. At GBNP, where the largest population 
of pascuellus floridus is known, 12 different species of Crambus have been 
recorded in the interdunal wetlands. The most abundant species are divided 
into three distinct flight periods, early summer, mid-summer and late summer. 
There is also evidence that within these flight periods, the co-occuring species 
fly during primarily different times of day (Scholtens et at. unpubL data). Few 
data are available on what hosts are used in their native habitat, and larvae 
have not been located at Grass Bay. Our sampling during 1995 indicates that 
even though the species are most active from dusk till dawn, UV lights are 
much less efficient at sampling the species than hand netting during the day. 

5340 Crambus hamellus (Thunb.)-Emmet: 18 Aug. 1990. Taken at UV light at 
Wilderness State Park by Balogh. Statewide it is known from only a few locali
ties, all in dry, sandy habitats similar to those known in Great Britain (Goater 
1986) and the rest of Europe (Bleszynski 1957). 

5341a Crambus alienellus labradoriensis Christoph-Cheboygan: 11 July 1992. 
I took this species, usually thought of as a denizen of Upper Peninsula bogs 
and fens, once at UV light in Reese's swamp. 

5342 Crambus bidens Zell.-Cheboygan, Emmet: 2 July-11 Aug. Although found 
in other wetland situations, such as interdunal wetlands, this species is most 
abundant in true Sphagnum bogs. 

5343a Crambus perlellus innotatellus Wlk.-Cheboygan, Emmet: 26 June-20 
Aug. One of the weedy Crambus species in northern Michigan, it is found in 
specialized wetland areas as well as old fields. 

5344 Crambus unistriatellus Pack-Cheboygan, Emmet: 22 June-19 Aug. Ap
parently restricted to areas of wetland, it is common along the northern Great 
Lakes shore. 

5354 Crambu8 ainsliellus Klots-Cheboygan: 4-7 Sept. One of the latest flying 
pyraloids. It is most easily confused with C. leachellus, but differs from this 
species in having grayish, rather than white hindwings. Klots (1942) illus
trates the genitalia, which are distinctive. Balogh (pers. comm.) has found this 
species associated with dry, sandy habitats south and west of our area. 
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5355 Crambus prae(ecteliuB {Zinck.)-Cheboygan, Emmet: 16 June-30 July. 
This species is an occassional turf grass pest (Ainslie 1923b), but also occurs in 
interdunal wetlands as one of the main elements of the Crambus fauna. It is 
sometimes confused with C. leachellus, but in leachellus the longitudinal silver 
stripe on the forewing touches the costal margin at the base of the wing, 
whereas it does not in praefectellus. The flight times are also virtually non
overlapping. 

5357 Crambus leachelluB {Zinck.)-Cheboygan, Emmet: 30 July-30 Sept. Proba
bly the most common late season weedy species. 

5361 CrambuB albellus Clem.-Cheboygan, Emmet: 22 June-6 Aug. This small 
Crambus is very abundant in bogs, but is also found consistently in other 
areas. This species is evidently one of the few that is most active during day
light hours (Scholtens unpubl. data). 

5362 	 CrambuB agitatellus Clem.-Cheboygan, Emmet: 6-31 July. Most similar to 
C. saltuellus, the silver stripe in this species is not divided lengthwise and the 
wings are shorter relative to their width than in saltuellus. 

5363 	 CrambUB saltuellus ZeIt-Cheboygan, Emmet: 14 June-6 Aug. One of the 
most abundant early to mid-summer Crambus, it occurs in many different 
habitats. 

5365 	 Crambus girardellus Clem.-Cheboygan, Emmet: 7-23 July. We know little 
about the habitats or biology of this rarely taken species. I have taken it once 
at UV light along the east branch of the Maple River and Michelle Halloran 
caught one specimen at GBNP. 

5366 	 Crambus watsonellus Klots-Cheboygan, Emmet: 5-21 Aug. The most 
abundant late summer species in the interdunal wetlands, it is not known 
from our area in any other habitat. It resembles C. leachellus, but at the distal 
end of the silver stripe there is a separate, elongate-oval, satellite silver spot 
toward the costal margin of the wing. In leachellus there is a silver streak in 
this position, usually connected with the main silver stripe. 

5378 	 Crambus laqueatellus Clem.-Cheboygan, Emmet: 13-22 June. An early 
flying species, it has been taken sporadically, mainly on the dunes of the Great 
Lakes shore. Ainslie (1922) reared this species on moss (Thuidium) and found 
that although it will feed on grasses in later ins tars, mosses are needed in at 
least early instars. 

5379 	 Neodactria luteolella Clem.-Cheboygan, Emmet: 13 June-4 Aug. This and 
the next two species were long placed in Crambus, but following the manu
script name of Klots, Landry (1995) has removed them to the new genus Neo· 
dactria. All three are closely related and there is some question as to the sta
tus of the individual species. Because no taxonomic decision has yet been made 
the three are here considered separately, because of their relatively distinct 
colorations. N. luteollela is yellowish on the forewing, caliginosella is darker 
brown, and zeella is light yellow to cream, usually with a pair of distinct verti
cal lines across the forewing. N. luteollela and caliginosella are common and 
zeella is uncommon. 

5380 	 Neodactria I/!.eella Fern.- Cheboygan, Emmet: 22-24 June. 
5381 	 Neodactria caliginosella Clem.-Cheboygan, Emmet: 18 June-14 Aug. 
5391 	 Chrysoteuchia topiaria {Zell.)-Cheboygan, Emmet: 30 May-6 Aug. An ex

tremely common weedy species known as the cranberry girdler because of the 
damage sometimes done to cranberry crops. It actually has a very wide range 
ofhost plants. . 

5392 	 Arequipa turbatella Wlk.-Cheboygan: 30 June-16 July. Not generally con
sidered a common moth, but I have found it in some numbers at two localities 
in Cheboygan County. One on UMBS property runs along an oil pipeline as it 
passes through a cedar swamp, and the other is a wet, sedge-dominated road· 
side in the southern part of the county. 
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5393 	 Ra.phiptera. a.rgilla.ceella. (Pack.)-Cheboygan, Emmet: 30 June-5 Aug. 
This small species is very common in Sphagnum bogs and other sedgy wet
lands, and is taken occasionally elsewhere. 

5399 	 Agriphila. ruricolella (Zell.)-Cheboygan, Emmet: 4-19 Aug. This species 
and the next are both common species of weedy areas. 

5403 	 Agriphila. vulgiva.gella. (Clem.)-Cheboygan, Emmet: 7 Aug-9 Sept. 
5408 	 Catoptria. latiradiella. (Wlk.)-Cheboygan, Emmet: 31 July-IS Aug. An un

common species throughout the state. Balogh has seen it most commonly at 
moist sandy sites. Several of its European congeners are known to feed on 
mosses «}Qater 1986). 

5413 	 Pedia.sia. trisecta. (Wlk.)-Cheboygan, Emmet: IS June-26 Sept. Known as 
the sodwebworm because of damage done to turfgrass, this species is very com
mon throughout the state. The life history was first described by Ainslie 
(1927). 

5419 	 Micracrombus biguttellus (Fbs.)-Cheboygan: 16-22 July. This species is 
very similar in appearance to Crambus albellus. It differs in having two dis
tinct black spots along the anterior median band of the forewing. According to 
rearing records from specimens in the UMMZ, this species feeds on mosses. 
Klots (196S) revised the species of this genus in North America. 

5420 	 Microcra.mbus elega.ns (Clem.)-Cheboygan, Emmet: 30 June-l0 Aug. A 
very common species that feeds on many different plants as a larva. 

5429 	 Loxocrombus a.wemensis McD.-Cheboygan: 29 July 1995. I have taken 
this species only once at UV light at GBNP. Balogh reports that J.F. Landry 
and B. Landry took it also at Wilderness St. Pk. It is common on the dunes of 
both peninsulas. Balogh reared a specimen from a pupa in a sand tube near 
dune grasses at Saugatuck dunes. 

5435 	 Fissicra.mbus muta.bilis (Clem.)-Cheboygan, Emmet: 5-7 July. A reason
ably common moth in the southern part of the state, it is apparently rare this 
far north. I have taken a single specimen by the east branch of the Maple 
River and another at GBNP. The life history of this species was first described 
by Ainslie (1923a). 

5439 	 Tha.uma.topsis pexella. (Zell.)-Cheboygan, Emmet: 14 Aug-ll Sept. Our 
most common species in the genus, it can be abundant at UV light at UMBS 
during late August. 

5447 	 Tha.umatopsis pectinifer (Zell.}-Cheboygan: 18 July-14 Aug. This species 
and the next are difficult to tell apart and are best identified by dissection of 
the genitalia. Balogh (pers. comm.) indicates that in pectinifer the forewing is 
lighter brown than the hindwing and the subterminal line is apparent, 
whereas in solutella the forewing and hindwing are similar in color and the 
subterminal line is weak or absent. The separation of flight times is also a 
good clue to their identities. 

5449 	 Tha.umatopsis solutella. (Zell.)-Cheboygan: 4 Aug-S Sept. 
5464 	 Urala. niva.lis (Drury}-Cheboygan: 27 July 1990. This striking white 

species was captured one time at UV light at UMBS. It is common in the 
southern part of the state. 

5465 	 Argyria. a.uratella (Clem.)-Cheboygan, Emmet: 2-24 July. This species can 
be common in Sphagnum bogs, but is rare outside of the these habitats. I have 
also taken in it association with marl pools in Presque Isle County. Munroe (in 
Heppner 1995) moved this species to Argyria from its previous placement in 
Vaxi. 

5473 	 Thopeutis jbrbesellus (Fern.}-Cheboygan: 1 July-18 Aug. This species was 
intensively studied by Frohne (1939a). He found that mating and oviposition 
took place at dusk over stands of bulrush (Scirpus acutus, S. americanus, S. 
validus). Although common in such habitats, this species is rarely taken away 
from these areas. 

http:elega.ns
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5474 	 Acigona comptulatalis (HuIst)-Cheboygan: 6 July-14 Aug. This species 
feeds on the same species of bulrushes as T. forbesellus (Frohne 1939b). 

5500 	 Xubida panalope (Dyar)-Cheboygan: A single specimen labelled Douglas 
Lake without a date is in the UMMZ. This group of crambines was revised by 
Klots (1970). 

FAMILY PYRALIDAE 

SUBFAMILY PYRALINAE 

5510 	 Pyralis larinalis L.-Cheboygan: 4 July-15 Aug, This is a common stored 
grain pest. 

5511 	 Aglossa costiferalis (WIk.)-Cheboygan: 25 June--4 Aug. This species and 
the next have not been collected many times in the state, but both seem to be 
common at UMBS. P. costiferalis has the lines on the wings darkened only 
along the costal margin, while in disciferalis the markings are dark over the 
entire width of the wing. Both species were transferred from Pyralis to Aglossa 
by Shaffer and Solis (in Heppner 1995). 

5512 	 Aglossa disciferalis (Dyar)-Cheboygan: 18 June-29 July. 
5518 	 Aglossa cuprina ZeIl.-Cheboygan: 18 June--27 July. 
5524 Hypsopygia costalis (F.)-Cheboygan, Emmet: 18 June-15 Aug. 
5526 Pseudasopia intermedialis (WIk.)-Cheboygan: 7-11 July. This is most dis

tinctive of our species formerly placed in Herculia (revised genera assigned by 
Shaffer and Solis, in Heppner 1995), with a reddish-brown ground color and 
more angular markings. Both thymetusalis and olinalis have a pinker ground 
color and smoother wing markings. This species and its relatives feed on de
caying vegetation. 

5529 	 Dolichomia thymetusalis (Wlk.)-Cheboygan: 30 June 1990. Recorded only 
once at UMBS, it appears to be a northern moth with records from Luce, 
Chippewa and Schoolcraft Counties in the Upper Peninsula. It is very similar 
to D. olinalis, but has the light-colored lines on the wings more heavily shaded 
with black and the two lines on the hindwing are smooth, parallel arcs without 
angulations or bends. 

5533 	 Dolichomia olinalis (Gn.)-Cheboygan, Emmet: 18 June-29 Aug. A very 
abundant moth thoughout our region. The females are larger and brighter 
pink than the males, which are more a deep magenta color. 

SUBFAMILY CBRYSAUGINAE 

5552 	 Galasa nigrinodis (ZelI.)-Cheboygan: 27 June-4 Aug. A very distinctive 
moth that is common at UV light. The indentation on the costal margin of the 
forewing is distinctive. On males this contains scent scales. 

5571 	 Condylolomia participalis Grt.-Cheboygan: 6 July-3 Aug. The small size 
of this species may contribute to the few collections of it in the state. It is very 
common at UV light at UMBS. 

SUBFAMILY EPIPASCHIINAE 

5579 	 MacaUa zelleri (Grt.)-Cheboygan: 17 July-7 Aug. Apparently not a com· 
mon moth in our area. Solis (1992) found Macalla to be the correct generic 
name rather than the long-used Epipaschia. 

5588 	 Oneida lunulalis (Hulst)-Cheboygan: 18 June-24 July. There are rela
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tively few collections of this species in the state, but it is common at UMBS. 
This genus was recently revised by Solis (1991). 

5595 Poeoeera robustella ZeIl.-Cheboygan: 30 June 1968. Two specimens col
lected by Voss at mercury vapor light at the Biological Station. This and the 
following three species were long placed in the genus Tetralopha, but Solis 
(1993) recently synonomized this genus with Pococera. The larvae in this 
genus are generally colonial and web together the leaves of their host plant. 
This is our only pine-feeding Pococera (Forbes 1923, Allyson 1977). 

5605 Poeocera aplastella (Hulst)-Cheboygan, Emmet: 30 June-18 Aug. Distin
guishing among this and the next two species is very difficult. Although cer
tain characteristics are typical of each species, the wing patterns vary a great 
deal and seem to blend almost imperceptibly from one to another if you look at 
a long series of specimens. Also similar to these species, and possibly present 
in our area are P. maritimalis, P. vacciniivora and P. melanogrammos. I have 
consulted Alma Solis of the USNM on most determinations. Munroe (1963) 
provides descriptions of adults of the species, but these are difficult to apply to 
many specimens. Allyson (1977) described the larvae and indicated that they 
feed on several species of aspen (Populus), birch (Betula), hazelnut (Corylus), 
willow (Salix), alder (Alnus), and cherry (Prunus). 

5606 Poeocera asperatella (Clem.)-Cheboygan, Emmet: 30 May-9 Aug. Said by 
Munroe (1963) to feed on maples (Acer), but Allyson (1977) indicates that they 
have been found on maples, elm (Ulmus), beech (Fagus), hickory (Carya), 
hophornbeam (Ostrya), honeylocust (Gleditsia), and sumac (Rhus). 

5608 Pococera expandens (Wlk.)-Cheboygan: 13 June-22 July. According to 
Munroe (1963) and Allyson (1977), an oak (Quercus) feeder. 

SUBFAMILY GALERIINAE 

5630 	 Aphomia terrenella ZeIl.-Cheboygan: 16-17 July. 2 specimens taken at UV 
light at UMBS and another at Colonial Pt. 

SUBFAMILY PHYCITINAE 

5651 	 Acrobasis indigenella (Zell.)-Cheboygan: 24 June-27 July. For all identifi
cations of Acrobasis, Neunzig (1986) should be consulted for excellent descrip
tions and figures. All host plant information comes from his work. Neunzig 
mentions two forms of A. indigenella, suggesting that they represent more 
southern (with separate discal spots) and more northern (with fused discal 
spots) morphs. In our area, only one record of the "southern" morph is known, 
taken 9 July 1934. All other records are of the "northern" morpho 

5653 	 Aerobasis vaccinii Riley-Cheboygan: 22 June-5 July. Known only from 
GBNP, but no doubt more common, given the abundance of blueberries (Vac
cinium), the larval host, in the region. 

5655 	 Acrobasis tricolorella Grt.-Cheboygan, Emmet: 30 June-18 July. An un
common, but distinctive species, described well by its specific epithet. 

5661 	 Aerobasis juglandis (LeBaron)-Cheboygan: 27 June 1991. I have one 
specimen, taken at UV light at UMBS. The usual hosts, walnut (Juglans) and 
hickory (Carya), do not occur in our area. 

5662 	 Aerobasis sylviella Ely-Cheboygan: 17-24 July. 3 specimens were taken at 
UMBS and 4 others at Colonial Pt, all at UV light. 

5665 	 Aerobasis carpinivorella Neunzig-Cheboygan: 16 July. Taken only on one 
night at UMBS. Its occurence is surprising because the known host, blue
beech (Carpinus), is absent from our region. 
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5680 	 Acrobasis ostryella Ely-Cheboygan: 22 July-13 Aug. Only a few records 
are known from the state, but its host plant, hop-hornbeam (Ostrya), is com
mon. 

5688 	 Acrobasis betulella Hulst-Cheboygan: 30 June-22 July. Taken relatively 
infrequently, but no doubt more common, given the abundance of birch 
(Betula) in our area. 

5690 	 Acrobasis rubrifa8ciella Pack.-Cheboygan, Emmet: 30 June-23 Aug. Our 
commonest Acrobasis based on collection records. 

5691 	 AcrobaBiB comptoniella Hulst-Cheboygan: 7 July-9 Aug. Very similar to 
rubrifasciella, and probably best told apart by host associations. Adults have 
been collected and larvae are easily found on the sweetfern (Comptonia) at the 
jack pine plains south of Indian River 

5718 	 Myelopsi8 subtetricella (Rag.)-Cheboygan: 26-29 May 1939. One of our 
earlist flying pyralids, no doubt the reason for so few records. 

5719 	 Myelop8is minutularia (Hulst)-Emmet: 18-19 Aug. 1990. Collected only 
by Balogh at Wilderness State Park, who states (pers. comm.) that the species 
can be common on dunes. 

5721 	 Apomyelois bi8triatella (Hulst)-Cheboygan, Emmet: 30 May-14 Aug. An 
abundant species; a Balogh specimen from Cheboygan Co. is pictured in Neun
zig (1990). 

5744 	 Etiella zinckenella (Tr.)-Cheboygan, Emmet: 17 June-22 July. Sometimes 
a pest of legumes in the southern part of the country, in our region this species 
is confined to the dunes on the shores of the Great Lakes, where it has been 
collected in good numbers, and likely uses beach pea (Lathyrus) as a larval 
host. This and several other legume-feeding phycitines were studied exten
sively by Neunzig (1979) in the southern United States. 

5745 	 Glyptocera con8obrinella (Zell.)-Emmet: 7 July 1993. 3 specimens taken 
by the east branch of the Maple River. Neunzig (1991) has described the life 
history of this species which feeds on Viburnum. 

5759 	 Ambesa laetella Grt.-Cheboygan: 15 July 1968. Voss has one specimen 
taken at mercury vapor light at UMBS. It has been collected only a few times 
in the state. 

5766 	 Immyrla nigrovittella Dyar-Cheboygan: 30 June-7 July. All my specimens 
(the only ones known for the state) were taken at UMBS. 

5767 	 Oreana unicolorella (Hulst)-Cheboygan, Emmet: 30 May-4 Aug. Probably 
overlooked most places in the state, this species can be very common at UV 
light. 

5771.1 Salebriaria ca. turpidella (Rag.)-Cheboygan: 24-25 June. 1Wo specimens 
match ones that Balogh sent Neunzig for determination. They are apparently 
an undescribed species. Neunzig (1988) revised this genus for North America. 

5773 Salebriaria engeli (Dyar)-Cheboygan: 18 June-16 July. Our most common 
Salebriaria, as might be expected for an oak feeder in our area. 

5775 Salebriaria tenebro8ella (Hulst)-Cheboygan: 22 July 1990. I took a single 
specimen at UV light at UMBS. Museum records indicate that this species is 
more common in the southern part of the state. 

5781.1 	 Ortholepis nov. Bp.-Cheboygan: 11-16 July. This species is similar to O. 
myricella but differs in having no hint of white on the forewings and a distinct 
coppery luster. This species apparently does not have a raised scale ridge near 
the base of the forewing. It has been in found in a fen area dominated by 
shrubby cinquefoil (Potentilla fruticosa) and in the interdunal wetlands at 
GBNP, as well as other areas of the state. Many plants are common to these 
two areas including Myrica gale, the host of true myricella. Balogh has reared 
one individual of this species on Potentilla fruticosa at a southern Michigan 
fen. 

5782.1 	 Ortholepis myricella McD.-Cheboygan: 22 June-11 July. I have taken this 
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species only at GBNP near the interdunal wetlands. This species lacks the dis
tinct coppery luster of that above, and has the forewing bands black on a dark 
gray background. There are hints of some lighter color on fresh specimens. 
These specimens match those identified as myricella in the USNM. 

5783 	 Ortholepis pasadamia (Dyar)-Cheboygan: 30 June-3 Aug. The common 
member of the genus, it has well defined dark forewing bands and distinct 
light markings on the wings. The host oftMs species is birch (Betula). 

5787 	 Meroptera pravella (Grt.)-Cheboygan, Emmet: 30 May-7 Aug. It is not 
surprising that this species may be our most common phycitine, given that its 
larval hosts are aspens (Populus). 

5788 	 Meroptera abditiva Heinr.-Cheboygan: 3-8 July. Much less common in our 
region than M. pravella, and impossible to tell apart reliably without dissec
tion. Heinrich (1956) figures the genitalia of both species. 

5789 	 Nephopterix subfuscella (Rag.)-Cheboygan, Emmet: 30 June-4 Aug. This 
species is very similar in appearance to the Meroptera species, but can be told 
apart because of the pale, rose colored scales at the base of the forewing. Do
erksen and Neunzig (1976) described the life history of this species, which 
feeds on sumac (Rhus). 

5794 	 Nephopterix vetustella (Dyar)-Cheboygan: 18 June-24 July. This and the 
next three Nephopterix species are all common and are often seen at UV light 
on the same night. Heinrich (1956) has good figures of the female genitalia 
needed for identification and describes the distinctive wing pattern of each 
species. 

5796 	 Nephopterix subcaesiella (Clem.)-Cheboygan: 30 May-27 Aug. Both this 
and the next species feed on black locust (Robinia pseudo-acacia)(Doerksen 
and Neunzig 1976), a well established species at UMBS. 

5797 Nephopterix virgatella (Clem.)-Cheboygan: 17 June-24 July. 
5799 Nephopterix basilaris ZeIl.-Cheboygan, Emmet: 18 June-18 July. 
5809 Tulsa (initella (WIk.)-Cheboygan: 6 July 1996. A single individual was 

taken at UV light at UMBS. The only other records of this species from the 
state are from Baraga Co. in the Upper Peninsula. 

5812 Telethusia ovalis (Pack.)-Cheboygan, Emmet: 30 June-31 July. 
5824 Pyla aequivoca Heinr.-Cheboygan: 4 Aug 1949. The date is for a female in 

the the UMBS collection, taken by Voss at Mackinaw City. There is also a sin
gle male specimen labelled Douglas Lake without a collection date in the 
UMMZ. 

5824.1 Pyla nov. sp.-Cheboygan, Emmet: 15 June-19 Aug. This undescribed species 
is common on the dunes along the Great Lakes. Balogh has found that larvae 
construct sand tubes on bearberry (Artostaphylos uva-ursi). It shows a great 
deal of variation in the darkness of the background and markings on the 
wings; thus the most reliable identification technique is dissection. 

5826 Pyla insinuatrix Heinr.-Emmet: 26 June-18 July. Taken by Voss twice at 
Mackinaw City, this species is associated with fens and sedgy wetlands in the 
Upper Peninsula (Balogh pers. comm.) 

5829 Pyla fusca (Haw.)-Cheboygan: 30 June-15 Aug. The most common of our 
Pyla species. 

5841 Dioryctria abietivorella (Grt.)-Cheboygan, Emmet: 8-23 Aug. All Dioryc
tria species were identified using the papers of Mutuura, Munroe and Ross 
(1969), Mutuura and Munroe (1972, 1973) and Mutuura (1982). They are very 
similar in wing patterns, and all feed on various conifers, sometimes having an 
economic impact on tree growth and survival. 

5843 Dioryctria reniculelloides Mutuura & Mun.-Cheboygan, Emmet: 9 
July-19 Aug. 

5847 Dioryctria disclusa Heinr.-Cheboygan, Emmet: 16 July-7 Aug. This is our 
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most distinctive Dioryctria, with a background color that is orange brown 
rather than the usual shades of gray. 

5852 Dioryctria zimmermani (Grt.)-Cheboygan: 28 July 1949. Voss took a sin
gle specimen at light at UMBS. 

5852.1 Dioryctria resinosella Mutuura-Cheboygan: 3-13 Aug. This species feeds 
on red pine (Pinus resinosa). 

5858 Dioryctria banksiella Mutuura, Mun. & Ross-Cheboygan: 5-7 Aug. The 
larvae ofthis species feed on jack pine (Pinus banksianal. 

5926 Canarsia ulmiarrosorella (Clem.)-Cheboygan, Emmet: 30 May-7 July. 
5944 Homoeosoma deceptorium Beinr.-Cheboygan: 3 Aug 1985. Balogh took a 

single specimen east of Cheboygan, which is cited in the Goodson and Neunzig 
(1993) revision of this difficult genus. Although it has never been reared this 
species presumably feeds on composite heads, as do at least three other con
geners. 

5946b 	 Phycitodes albatella reliquella (Dyar)-Cheboygan: 18 July 1991. I took 
this small species once at UV light at UMBS. 

5995 	 Eu%ophera semifuneralis (Wlk.)-Cheboygan: 16-29 July. Although not 
common in our area, this species is sometimes a pest on cherry and apple trees 
in the western part of the state (Biddinger et al. 1992) 

5999 	 Eulogia ochrifrontella (Zell.)-Cheboygan, Emmet: 18 June-8 Sept. 
6001 	 Ephestiodes infimella Rag.-Cheboygan: 9-22 July. This species is very 

similar to three other diminutive phycitines that occur in our area, Ephestia 
columbiella, Eurythmia angulella, and Erelieva parvulella. All three are small 
gray moths with obscure wing markings. Although each is slightly different, 
many specimens get rubbed in mounting and dissection of the genitalia is the 
most reliable method of identification. 

6005 	 Moodna ostrinella (Clem.)-Cheboygan: (26 June) 3 Aug.-8 Sept. This and 
the next species are similar in appearance, but, as the epithet implies, the red
dish shading at the base of the forewing of M. pallidostrinella is paler than 
that of ostrinella. They also seem to be segregated by flight periods. 

6005.1 Moodna pallidostrinella Neunzig-Cheboygan, Emmet: 30 May-22 July. 
6007 Vitula edmandsii (Pack.)-Cheboygan: 22 June-8 Sept. This is a common 

species that is known to live in bee and wasp nests as a larva. I have taken 
several specimens inside a cabin at UMBS. I presume that these specimens 
emerged from a carpenter ant nest known to be present in the wall of the 
cabin, because the moths no longer appeared after the nest was exterminated. 

6011 Vitula broweri Beinr.-Cheboygan: 6 July 1990. I took a single specimen at 
UV light at UMBS. The only other specimens known from Michigan were 
taken on Isle Royale. 

6020.1 Ephestia columbiella Neunzig-Cheboygan: 18 June-7 Aug. Evidently 
recorded here for the first time outside the southeastern United States, al
though the USNM has specimens identified as this species from Maine. This 
species was recently described by Neunzig (1990), and is no doubt overlooked 
because of its small size and similarily to several other common species (see 
note above under Ephestiodes infimella, #6001). 

6032 Eurythmia angulella Ely-Cheboygan: 6 July-4 Aug. The commonest of our 
small, gray phycitines. 

6035 Erelievaparvulella (Ely)-Cheboygan, Emmet: 4-14 Aug. 
6038 Anerastia lotella (Bbn.)-Cheboygan, Emmet: 25 July-19 Aug. Suspected to 

feed on dune grasses along the Great Lakes shores, I confirmed this in 1996, 
by rearing a female from Agropyron dasystachyum. Just at the surface of the 
sand the larva formed a sand case attached to the culm of the grass, into 
which it bored. I found similar larval cases on beach grass <Ammophila bre
viligulata), but did not obtain adults from these larvae. 
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6040 	 Coenochroa illibella (Hulst)-Cheboygan, Emmet: 2 July-4 Aug. 2 speci
mens are known, one from UMBS and one from aspen woods east of Pellston. 

6048 	 Peoria gemmatella (Hulst)-Cheboygan: 29 July 1995. The species in this 
and related genera were generally assigned to the subfamily Peoriinae (Shaf
fer 1968), but more recently are considered a tribe (Peoriini) of the Phycitinae 
(Solis and Mitter 1992). I have taken only a single specimen of this species in a 
UV trap at GBNP. Balogh has taken it elsewhere in the state, but it is not 
common. 

6053 	 Peoria approximella (Wlk.)-Cheboygan, Emmet: 28 June-14 Aug. This 
species is common in most wetland habitats in the area. 
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DISCOVERY OF AN ISOLATED POPULATION OF ANAX LONGIPES 

IN MICHIGAN (ODONATA: AESHNIDAE) 


Michael A. Kielb and Mark F. O'Brien 1 

ABSTRACT 

Anax longipes is a large aeshnid dragonfly previously unknown from 
Michigan. Adults and larvae were found in abundance at a series of experi
mental ponds within the E.S. George Reserve in Livingston County, Michi
gan. 

Anax longipes Hagen was previously undocumented from Michigan (Kor
mondy 1958), and is rarely encountered in the Great Lakes Region 
(Glotzhober 1995, Kielb 1996, Tennessen 1992). The species is widely distrib
uted throughout the eastern United States, from Massachusetts to Wisconsin 
and south to Florida, with scattered records from southern Ontario, Canada 
(Dunkle 1989). However, in 1996 we discovered a small, but apparently sta
ble population ofAnax longipes at the University of Michigan's E. S. George 
Reserve (referred to as ESGR in numerous publications and on many speci
mens collected there) in southwestern Livingston County, Michigan. The 
species was serendipitously discovered during the course of experiments on 
prey response ofHyla versicolor tadpoles (Amphibia: Hylidae) to the presence 
of aquatic predators (Scott Peacor, pers. comm.). Anax nymphs for the above 
experiments were collected from a series of 22 eight-year old artificial ponds. 
Upon close inspection, it was discovered that two species of Odonata nymphs 
were being used in the experiments, Anax Junius Drury and Anax longipes. 
Over 400 late-instar nymphs of A. longipes had been used in various phases 
of the experiments (Josh Van Buskirk, pers. comm.). Both species of Anax 
were shown to occur sympatrically in the ponds. 

On 6 August 1996 we visited the ESGR site and were able to observe a 
minimum of four Anax longipes and several Anax Junius. Specimens of adult 
A. Junius were obtained, but unfortunately no A. longipes were collected at 
that time. Ten Anax exuviae were collected from cattail (Typha) stems and 
later, when compared to the exuviae resulting from the emergence of adults 
from captive nymphs (Table 1), were determined to be A. longipes. Six final 
instar Anax nymphs were also collected. These had all ceased to eat and were 
nearing adult emergence. In the course of the next eight days four of the six 
adults successfully emerged (Table 1). 

At least two other man-made ponds (constructed around 1940) at the 
ESGR had populations ofA. Junius in 1966-67, but no records ofA. longipes. 
Warren Brockelman (1968) collected aquatic samples at George Pond and 

1 Insect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI 
48109-1079. 
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Table 1. Emergence of adults from ultimate instars collected 6 August 1996. 

Date species sex comments 

7 Aug 1996 A longipes F Emerged before 0600 h 
9 Aug 1996 none emerged 'I'wo died. 
10 Aug 1996 A longipes F Emerged before 0600 h 
13 Aug 1996 A. longipes M Emerged before 0730 h 
14 Aug 1996 A longipes M Emerged before 0430 h 

Table 2. Sex and seasonal range of recently-emerged Anax junius collected at the E.S. 
George Reserve in 1967 by M.Y. Brockelman. 

No. Sex Dates 

16 Female 3 June - 31 August 
22 Male 9 June 16 September 

Burt Pond "from screen traps placed over the bottom of the ponds" thus en
suring collection of emerging tenerals. A total of 38 A. junius were collected 
(Table 2) between 3 June and 16 September. The early emergence during 
June is in contrast to Walker (1958) who found very few exuviae in nearby 
Ontario before August, although consistent with Trottier (1967, 1971) who 
found emerging Anax in June in southern Quebec. Interestingly there were 
two periods of emergence--June-early July (26) and mid August-September 
(9), with very few emergences in late July and early August (3). The early 
July emergence-period (or non-emergence period, as the case may be) coin
cides with the emergence of the above A. longipes. Glotzhober (1995) reported 
the dates of 22 June to 25 July for scattered records of A. longipes in Ohio, 
and Tennessen (1992) observed flying A. longipes in south-central Wisconsin 
on 27 June and 4 July 1978. 

We made a return visit to the ponds on 4 September 1996. A survey of the 
emergent vegetation at each pond revealed a total of 117 Anax exuviae. 
There were numerous (10+) teneral Anaxjunius flushed from the pond mar
gins, and six were still perched upon their exuviae. No free-flying Anax 
longipes were encountered, although several mature adult A. junius were ob
served. Of 17 exuviae collected, 16 were determined to be A. junius, one A. 
longipes. Thus, at these ponds there were very different emergence patterns 
for the two species, with the majority of A. longipes emerging much earlier in 
the season. 

Comparing the exuviae we collected demonstrates that the two species' 
larvae are easily separated by size (adult characters of A. longipes are very 
obvious). This is consistent with previously published data [Calvert (1934) 
gave ranges of 41.5-50.0 mm for A. junius and 56.5-62.0 mm for A. longipes; 
Walker (1958) gave a range of 43.5-47.0 mm for A. junius.]. Anaxjunius (13 
specimens collected 4 September) had a mean length of 45±1.5 mm, whereas 
the exuviae of eleven A. longipes (one from 4 September, four emergences 
from above, and six collected 6 August) had a mean length of 60±2 mm. The 
size difference is easily discernible even from a distance of several meters. 
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DISCUSSION 

With one exception, all of the eight-year old artificial ponds are fishless. 
The status of the two natural ponds in 1967 remains unclear, although they 
appear to have also been fishless since fish were not listed as a Bufo predator 
by Brockelman (1968). We have been assured that no specimens have been 
introduced from outside the area, thus eliminating the possibility that this 
could be an artificially founded population. The closest records of A. longipes 
are from Ottawa and Paulding Counties in northwestern Ohio (Glotzhober 
1995). Members of the genus Anax are known to be strong fliers, as well as 
capable of migration. Therefore, an opportunistic, vagrant female A. longipes 
may have been responsible for the ESGR population. Previously, it has been 
reported that A. longipes outnumbered A. junius at artificial ponds in New 
Jersey (Beatty 1945). However, Johnson and Crowley (1980) estimated that 
A. junius outnumbered A. longipes over 10 to 1 in a fishless pond in Ten
nessee. Dunkle (1989) reports A. longipes as breeding in barrow pits and 
semi-permanent, grassy pools. 

Questions arise with the discovery of a population of Anax longipes in an 
area not previously documented to be within its range. Are these ephemeral 
populations, in existence as long as the ponds used for ovipositing remain 
fishless? Other than via a "foundress," could this species have been intro
duced via transport or transplanting of ornamental aquatic vegetation? What 
of the sympatric relationship, both as nymph and adult, between the two 
species of Anax? Both species of Anax occur together elsewhere within their 
range, but there are no studies documenting interspecific interactions. Are 
there other fishless ponds in the area near the ESGR with similar popula
tions? Obviously, aside from documenting the existence of the species within 
the state, there are many questions to be explored. 
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NEW RECORDS OF MICHIGAN CICADIDAE (HOMOPTERA), WITH 

NOTES ON THE USE OF SONGS TO MONITOR RANGE CHANGES 


David Ciszek Marshall, John R. Cooley, Richard D. Alexander, 
and Thomas E. Moore1 

ABSTRACT 

We present records of Diceroprocta vitripennis, Tibicen chloromera, and 
Tibicen pruinosa (new state record) in Michigan. Monitoring geographic 
range changes and population size differences by song suggests several popu
lation situations for cicadas: (1) sizable populations in most areas of appar
ently good habitat; (2) widely separated single individuals or small popula
tions on the edges of populated regions, representing range extensions that 
may be of limited duration; (3) one or a few individuals present only once, 
probably transferred in soil on roots, and ultimately unsuccessful. Species
specific calling songs allow sensitive measurement of species' range changes. 

A REVIEW OF SOME EXISTING RECORDS 

Moore (1966) listed ten species of cicadas in Michigan. Alexander et al. 
(1972) doubted the significance of two of these species'records. First, the 
record of Magicicada cassini (Fisher) was based on a single specimen "found 
amid several quarts of specimens collected 21 June 1936 in Ann Arbor (Brood 
X) by I. J. Cantrall" (Moore 1966) at Eberwhite Woods in Ann Arbor, Washte
naw County. This specimen could not be relocated, and the species has not 
otherwise been reported in the vicinity of Ann Arbor, despite listening efforts 
(which have included Eberwhite Woods) during every emergence since 1957. 
These circumstances lead us to doubt that M. cassini exists in Michigan. Sec
ond, Tibicen chloromera (Walker) was reported from a specimen found in a 
student collection from Whitmore Lake, Washtenaw County, and labeled as 
taken dead inside an automobile; TEM also reported this species from 
Lenawee and Ingham Counties. Alexander et aL (1972) suggested that T. 
chloromera may not occur in eastern Michigan north of Lenawee County. Be
tween 1957 and 1993, no songs of this species were heard in southeastern 
Michigan by either TEM or RDA. Our new records, including Tibicen pru
inosa Say, a new state record, return the number of cicada species known in 
Michigan to ten: Diceroprocta vitripennis (Say), Magicicada septendecim (L.), 
Okanagana canadensis (Prov.), O. rimosa (Say), Tibicen auletes (Ger.), T. 
canicularis (Harris), T. chloromera, T. linnei (S. and G.), T. lyricen (De G.), 
and T. pruinosa. 

1 Museum of Zoology, University of Michigan, Ann Arbor, MI 48109-1079. 
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NEW RECORDS 

Our records are composed primarily of listening records. In 1993, 1995, 
and 1996, intensive efforts were made to seek out and listen for the cicada 
species listed below. We did not make any special efforts to listen for these 
species during 1994. 

Diceroprocta vitripennis (Say) - Moore's (1966) Michigan record of D. 
vitripennis has been supplemented by (1) the collection of four females and 
one male at Warren Dunes, Berrien County, on 17 July 1982, by Mark and 
Adrienne O'Brien, (2) a single female collected in Grand Mere, Berrien 
County, 21 July 1982, by L. Schaddelee (Univ. Mich. Mus. Zoo!.), and (3) a 
single male collected at Grand Mere by D. Wilsey on 20-24 June 1996 (de
posited in UMMZ). 

Tibicen chloromera (Walker) - On 30 August 1993, RDA heard one 
male of T. chloromera singing in Jasper, Michigan (Lenawee County), on 
Route 52, and several others along Black Creek, approximately 0.7 mi. south 
of Jasper. DCM confirmed these records on 21 August 1996 and added an ad
ditionallistening record (several males) along the River Raisin, on Deerfield 
Road east of Adrian in Lenawee County. TEM noted T. chloromera in this 
county in 1995 and 1996. On the afternoon of 5 September 1996, DCM and 
JRC heard several males of T. chloromera in St. Joseph County, along the Pi
geon River at the intersection of Marl Lake Road and Indian Prairie Road 
and along the Fawn River at Sevinson Road. Additional listening by DCM 
and JRC on these days in Hillsdale, Branch, Cass, and Berrien Counties 
yielded no T. chloromera. However, TEM reports having heard this species in 
Hillsdale County and recorded it in Monroe County (1994, 1995 and 1996) 
north of Dundee near the Raisin River, on Davis Rd. T. chloromera is abun
dant across much of the eastern United States, including most of Ohio, and it 
now appears to extend into the southern tier of Michigan counties. All of our 
records are limited to the southern portions of these counties, despite listen
ing efforts farther north. Moore's (1966) record from Ingham County stands 
alone in this respect; new listening attempts should be made to determine if 
the species persists there. 

Tibicen pruinosa Say - On 23 August 1993, at approximately 20:00 hr, 
DCM heard one male of T. pruinosa singing on Packard Street at Arch Street 
in Ann Arbor, Washtenaw County. On 26 August 1993, at approximately 
20:25 hr, DCM tape-recorded a male of T. pruinosa singing at the corner of 
Geddes Avenue and Church Street, in Ann Arbor. On 18 August 1995, at 
20:42 hr, DCM recorded another male at this same location. On approxi
mately the same date, RDA heard either one or two T. pruinosa males 
singing at Bethel Church Road, 0.3 mi. west of Schneider Road, Washtenaw 
County; the cicadas were heard on two days only. Although RDA had lived on 
a farm at this location for 21 years, he had never heard T. pruinosa there be
fore, and he did not hear it again in 1996. On 18 August 1996, RDA heard 
single males of T. pruinosa in Jasper, Lenawee County, and 4.5 mL south of 
Jasper on Route 52. On 21 August 1996, DCM heard one or two T. pruinosa 
at the intersection of Carson Highway and Shepherd Road north of Adrian, 
in Lenawee County. Louanne Reich, of the UMMZ, heard a single male T. 
pruinosa singing in an elm next to the Kraus Natural Science Building, on 
the University of Michigan campus, at dusk on 6 September 1996. TEM re
ports listening records of T. pruinosa in Branch, Hillsdale, and Lenawee 
Counties in 1959. Like T. chloromera, T. pruinosa occurs across much of the 
eastern United States, including most of Ohio, north to the Maumee River 
drainage in the northwestern part ofthe state. 

Figure 1 illustrates the existing Michigan records of the three species 
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Figure 1. Michigan records of TIbicen chloromera (open circles), TIbicen pru
inosa (filled circles), and Diceroprocta vitripennis (filled squares). Half-filled 
circle indicates both TIbicen species present. All TIbicen records are listening 
records. See text for descriptions of localities. Moore's records for Ingham, 
Branch, and Hillsdale Counties do not refer to specific locations. 

discussed above. The songs and morphology of all the above species are dis
tinguished in Alexander et al. (1972) and Alexander (1997). Voucher tapes of 
song records, where available, will be deposited in the UMMZ. 

DISCUSSION 

Interpretation of new records - Spotty year-to-year records, such as 
those described above, are difficult to interpret, especially when only small 
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numbers of animals are observed and when the records are found near the 
edge of the species' known range. This situation is exacerbated by the high 
mobility and prolonged development of insects such as cicadas (from 2-17 
years, see Karban 1986). Four possible situations may exist with regard to a 
species' distribution: (1) A species may be absent from a location; (2) one or 
more individuals may be spotted in a location in only one year, and not ap
pear in subsequent years; (3) one or more individuals may be spotted in more 
than one year, but not in other years (and the records mayor may not exhibit 
periodicity, as in periodical cicadas); or (4) the species may be present every 
year. For cicadas, situations #2 and #3 could indicate (A) the existence of sus
taining populations of cicadas in one or more different year-classes (in the 
case of #2, cicadas with a long life cycle), (B) the occasional appearance of mi
grants who fail to reproduce successfully, (C) the occasional maturation of 
imported nymphs who fail to reproduce (see Chilcote and Stehr [1984], for an 
example of importation via transplanted trees), or several of these alterna
tives at once. Even situation #4 could result from repeated immigration of a 
highly mobile species or from an ongoing range extension, especially if the 
numbers observed are small. Periodical cicadas, with their long life cycles 
and known history of life-cycle-Iength plasticity (straggling), introduce an al
most perverse degree of difficulty to this problem (Marshall, ms. in prep). 
Generally, these difficulties will be reduced when mobility is low and acciden
tal importation unlikely, and when the life cycles involved are not longer 
than one year. In no situation, however, can a single positive record be used 
with confidence to extend the known range of a species. Rarity and difficulty 
of observing or collecting confound any study of distribution or abundance; 
incomplete understanding of a species' natural history magnifies this prob
lem, because even a diligent observer might fail to locate a species by search
ing in a slightly inappropriate microhabitat (but see below on advantages of 
song records). Apparent rarity or absence, then, must be interpreted with 
caution. 

Because the new localities given for Tibicen chloromera are found very 
near to known populations in Ohio, and because often several males were 
heard at once, it appears to us that T. chloromera is established in some of 
the southern Michigan counties. Either T. chloromera has been established 
for some time in these areas and missed by previous surveys, or this species 
is extending its range. We probably can apply the same interpretation to the 
records of T. pruinosa in the southern tier of Michigan counties. In contrast, 
the observations in multiple years of (usually) single individuals of T. pru
inosa in Washtenaw County, 40-50 miles beyond their known range limits 
along the Michigan-Ohio border, are more difficult to understand, and range 
extension from adjacent populations may not be the best explanation. 
Chilcote and Stehr (1984) described the emergence in 1982 of a new popula
tion of Brood V of Magicicada septendecim on the campus of Michigan State 
University in East Lansing, Ingham County, hundreds of miles beyond the 
known range of this brood. These cicadas had apparently been introduced 
several years earlier as nymphs in the soil of transplanted dogwoods. A simi
lar process might account for our observations of T. pruinosa males in Wash
tenaw County, although one would probably have to assume multiple impor
tations to explain the records from different localities. (Records from multiple 
years do not necessarily indicate the presence of a breeding popUlation, be
cause life cycle plasticity might cause juvenile cicadas from a single intro
duced population to emerge over several years, especially when they are 
transplanted beyond their natural range.) Unless we invoke either multiple 
introductions or recurring dispersal over large distances, we are left with the 
unlikely possibility that T. pruinosa is established in Washtenaw County at 
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such low densities that no more than one or two are heard each year. Thus, 
the records discussed in this paper may represent two different situations: 
(1) small, introduced populations that mayor may not persist (M. septen
decim and possibly T. pruinosa), or (2) an ongoing range extension (T. 
chloromera and possibly T. pruinosa).

The significance of song records - Species with long-range, species
specific acoustic signals, such as those of the singing Orthoptera and Cicadi
dae, provide an opportunity for study matched by few other kinds of organ
isms (most notably anurans and some birds). Males of these species reliably 
broadcast their identity and location over great distances for weeks or 
months each season. Single calling individuals can be located with ease by 
trained observers, even without detailed knowledge of the species' preferred 
habitat. Therefore, listening for the presence or absence of calling songs in 
an area is a highly sensitive means of data collection, making species with 
such signals ideal subjects for analyses of speciation, hybrid zones, character 
displacement, dispersal, or any study in which detailed and extensive knowl
edge of distribution or abundance is required. Systematic observations over 
time can reveal even minor fluctuations in a species' range. With the ability 
to locate easily the first immigrants in a locale, one can measure dispersal 
tendencies and rates of range extension. The primary drawback of sound 
records is the ephemeral nature of the record itself. We recommend making 
voucher recordings whenever possible. 

LITERATURE CITED 

Alexander, R. D. 1997. Key to the species of cicadas occurring in the United States east 
of the Mississippi River. Great Lakes Entomol. In press. 

Alexander, R. D., A. E. Pace, and D. Otte. 1972. The singing insects of Michigan. Great 
Lakes Entomol. 5:33-69. 

Chilcote, C. A., and F. W. Stehr. 1984. A new record for Magicicada septendecim in 
Michigan (Homoptera: Cicadidae). Great Lakes Entomol. 17:53-54. 

Karban, R. 1986. Prolonged development in cicadas. In: F. Taylor and R. Karban, eds. 
The Evolution of Insect Life Cycles. Springer-Verlag, New York. 

Moore, T. E. 1966. The cicadas of Michigan (Homoptera: Cicadidae). Papers Mich. 
Acad. Sci., Arts and Letters 51:75-94. 



INSTRUCTIONS FOR AUTHORS 

Papers dealing with any aspect of entomology will be considered for publication in The Great 
Lakes Entomologist. Appropriate subjects are those of interest to professional and amateur ento
mologists in the North Central States and Canada, as well as general papers and revisions directed 
to a larger audience while retaining an interest to readers in our geographic area. 

All manuscripts are refereed by two reviewers, except for short notes, which are reviewed at the 
discretion of the Editor. Manuscripts must be typed, double-spaced, with 1" margins on 8 112 x 11" 
or equivalent size paper, and submitted in triplicate. Please underline only those words that are to 
be italicized. Use subheadings sparingly. Footnotes (except for author's addresses, which must be on 
the title page, and treated as a footnote), legends, and captions of illustrations should be typed on 
separate sheets of paper. Titles should be concise, identifYing the order and family discussed. The 
author of each species must be given fully at least once in the text, but not in the title or abstract. 
If a common name is used for a species or group, it should be in accordance with the common names 
published by the Entomological Society of America. The format for references must follow that used 
in previous issues of The Great Lakes Entorrwlogist. Literature cited is just that-no unpublished 
manuscripts or internal memos. Photographs should be glossy finish, and mounted on stiff white 
cardboard (transparencies are not acceptable). Drawings, charts, graphs, and maps must be scaled 
to permit proper reduction without loss of detail. Please reduce illustrations or plates to a size no 
greater than 9 x 12" to permit easier handling. Attach a figure number to the reverse side of each 
figure and include the authors' names. Unsuitably mounted photographs or poor figures will be re
turned to authors for revision. 

Tables should be kept as uncluttered as possible, and should fit normal! across a page when type
set by the printers. Contributors should follow the Council of Biological Editors Style Manual, 5th 
ed., and examine recent issues of The Great Lakes Entomologist for proper format of manuscripts. 

Manuscripts may also be submitted on computer disk (MS-DOS, Apple II, or Macintosh format) 
along with a printed copy, after they have been accepted for publication. Authors are especially en
couraged to do so if their manuscript is longer than 2 printed journal pages, or if they are without 
funds for page costs. 

Papers published in The Great Lakes Entomologist are subject to a page charge of $35.00 per pub
lished page. Members of the Society, who are authors without funds from grants, institutions, or in
dustry, and are unable to pay costs from personal funds, may apply to the Society for fmancial as
sistance. Application for subsidy must be made at the time a manuscript is initially submitted for 
publication. 

Authors will receive page proof, together with an order blank for separates. Extensive changes to 
the proof by the author will be billed at a rate of $1.00 per line. 

All manuscripts for The Great Lakes Entomologist should be sent to the Editor, Mark F. O'Brien, 
Insect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI, 48109-1079, USA. 
Other correspondence should be directed to the Secretary (see inside front cover). Authors may also 
connect to the Michigan Entomological Society's WWWpage at http://insects.ummz.lsa.umich.eduJ 
MESlMES.html for any updated information for authors. 

http://insects.ummz.lsa.umich.eduJ

