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SUSCEPTIBIlITY OF THE ENDANGERED KARNER BLUE BUTIERFLY 
(LEPIDOPTERA: lYCAENIDAEj TO BACILLUS THURINGIENSIS VAR. 
KURSTAKI USED FOR GYPSY MOTH SUPPRESSION IN MICHIGAN 

Catherine Papp Herms1,2, Deborah G. McCuliough 1,3, Leah S. Bauerl ,4,5, 

Roberl A. Haack1,3,4, Deborah L. Miller3,4 & Normand R. Dubois6 


ABSTRACT 

We investigated the phenological and physiological susceptibility of the 
endangered Karner blue butterfly (Lycaeides melissa samuelis) to Bacillus 
thuringiensis var. kurstaki (Bt), a product widely used for gypsy moth (Ly
mantria dispar) suppression in Michigan and other infested states. We moni
tored phenology of the bivoltine Karner blue in two regions of Michigan from 
1993 to 1995 to determine if larval stages overlapped temporally with the pe
riod of Bt application for gypsy moth suppression. Karner blue larvae of the 
spring generation were found during the period that Bt was applied in 
nearby areas in 1993 only. However, spring-generation adults or newly laid 
eggs were observed up to 11 days before applications in 1994 and 1995. Since 
Karner blue eggs develop within one week, summer-generation larvae were 
most likely present during or shortly after 1994 and 1995 Bt application peri
ods. These larvae would have been at risk, assuming Bt persistence of 4 to 6 
days. 

Physiological susceptibility of Karner blue larvae to Bt was determined 
in a laboratory bioassay. Larvae were reared on wild lupine (Lupinus peren
nis) foliage that was untreated, or sprayed with Bt formulations at rates of 
30-37 or 90 BIU/ha. A similar bioassay with second instar gypsy moth larvae 
on similarly treated white oak (Quercus alba) foliage was conducted concur
rently. Karner blue survival was 100%, 27% and 14% on control, low and 
high Bt treatments, respectively. Early and late Karner blue instars were 
equally susceptible to Bt. Survival of gypsy moth was 80%, 33% and 5% on 
control, low and high Bt treatments, respectively, and did not differ signifi
cantly from Karner blue survival. We conclude that Karner blue is both phe
nologically and physiologically susceptible to Bt used for gypsy moth sup
pression, although the larval generation at risk and extent of phenological 
overlap may vary from year to year. 

lDepartment of Entomology, Michigan State University, East Lansing, MI 48824. 
2Current address: Department of Horticulture and Crop Science, Ohio State Uni

versity-OARDC, 1680 Madison Ave., Wooster OH 44691. 
3Department of Forestry, Michigan State University, East Lansing, MI 48824. 
4Pesticide Research Center, Michigan State University, East Lansing, MI 48824. 
5USDA Forest Service, North Central Forest Experiment Station, 1407 South Har

rison Road, East Lansing, MI 48823. 
6USDA Forest Service, Northeastern Forest Experiment Station, 51 Mill Pond 

Road, Hamden, CT 06514. 
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The Karner blue butterfly (Lycaeides melissa samuelis Nabokov; Lepi
doptera: Lycaenidae) was added to the United States federal endangered 
species list in December 1992 due to dramatic population declines through
out its range from Minnesota to New Hampshire (Schweitzer 1989, USFWS 
1992). The species is ex . d in several states and Ontario (USFWS 1992, 
Haack 1993). Michigan, onsin and New York have the largest popula
tions, and the best opportunities for species conservation (Baker 1994). 

In Michigan, Karner blue populations occur in the western portion of the 
Lower Peninsula (Baker 1994), primarily in oak savannas and pine-oak bar
rens (Schweitzer 1989). These dry, sparsely-wooded habitats support grasses 
and herbaceous plants, including wild lupine (Lupinus perennis L.), the only 
known larval host plant of Karner blue (Schweitzer 1989). Karner blue over
winters in the egg stage and completes two generations per year. Both larval 
generations feed on lupine, and spring and summer adults require nectar 
sources (Schweitzer 1989, Dirig 1994). 

Gypsy moth (Lymantria dis par L.) (Lepidoptera: Lymantriidae) popula
tions have recently spread into areas occupied by Karner blue in Michigan. 
Microbial insecticides containing Bacillus thuringiensis Berliner var. 
kurstaki (Bt) are widely used to suppress or eradicate gypsy moth popula
tions in Michigan and other infested states. For example, 42,000 to 91,000 ha 
of wooded residential land or forested recreation areas were aerially treated 
with Bt annually from 1993 to 1995 in Michigan, through the Voluntary Co
operative Gypsy Moth Suppression Program, administered by federal and 
state agencies (USDA 1994a, 1994b, 1995). An additional but unknown 
amount of private land also was treated annually with Bt during gypsy moth 
outbreaks. 

Bt, an entomopathogenic bacterium that occurs naturally in the soil and 
on leaf surfaces (DeLucca et al. 1981, Martin & Travers 1989), is widely used 
in North America to control outbreaks of forest-defoliating Lepidoptera (Bee
gle & Yamamoto 1992, Reardon et al. 1994, van Frankenhuyzen 1990). Bt 
produces proteinaceous crystals during sporulation (Dubois & Lewis 1981). 
Current formulations ofBt contain these crystals, comprised of d-endotoxins, 
and live spores, which act synergistically with crystals to cause insect mor
tality (Bauer 1995, Dubois & Lewis 1981, Gill et aL 1992, van Franken
huyzen et al. 1991). Due to its selective toxicity, safety to vertebrates, and ap
parently short field persistence of 4 to 6 days on foliage (Beegle et al. 1981, 
Reardon et al. 1994, Wagner & Miller 1995), Bt presents little risk to nontar
get organisms when compared to conventional insecticides (Dimond & Morris 
1984, Luthy et aL 1982, Meadows 1993). 

Extensive use of Bt, however, has led to growing concern about potential 
impacts on nontarget Lepidoptera (Brower 1986, Laird 1973, Miller 1990, 
1992), especially for declining species such as the Karner blue. Laboratory 
bioassays have found that several native butterfly and moth species are 
physiologically susceptible to Bt (Peacock et al. 1993, Wagner & Miller 1995). 
In addition, recent evidence suggests that Bt may remain active against 
some lepidopteran species longer than generally thought following field ap
plication (Johnson et al. 1995). 

Research results demonstrated variability both among and within lepi
dopteran species in susceptibilty to Bt. Wagner and :Miller (1995) concluded 
that susceptibility could not be generalized from one family or species to an
other and must be considered on a species-by-species basis (Peacock et al. 
1993). To date, no studies have examined the susceptibility of Karner blue or 
other lycaenids to Bt. 

In Michigan and other recently infested states, public pressure to treat 
gypsy moth-infested woodlands is high, especially in residential and recre
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ational areas (USDA 1994a), and in nurseries, Christmas tree plantations, 
and other production areas affected by gypsy moth quarantines (D. McCul
lough, Michigan State University, and R. Priest, MDA, pers. comm.). Areas 
known to be inhabited by Karner blue, however, cannot be treated with Bt 
unless approved during a formal consultation process with the US Depart
ment of Interior (USDI) Fish & Wildlife Service (USFWS 1992, USDA 
1994a). In addition, a 0.8 km spray buffer must be maintained around known 
Karner blue-occupied sites to protect them against aerial drift (Borak 1994). 

These regulations have posed problems where Karner blue populations 
occur on or adjacent to private property. In addition, surveys to locate all 
Michigan populations of Karner blue are not complete. More than 100 new 
populations were discovered during surveys from 1993 to 1995, following list
ing of the Karner blue as an endangered species (J. Kelly, Huron-Manistee 
National Forests, pers. comm.). As gypsy moth populations expand into new 
areas, unknown Karner blue populations may inadvertently be treated with 
Bt. Information on susceptibility of Karner blue to Bt is needed to evaluate 
how Karner blue populations could be affected by gypsy moth management. 

We investigated the phenological and physiological susceptibility of 
Karner blue to Bt, in relation to gypsy moth suppression activities in Michi
gan. Our first objective was to monitor development of Karner blue in the 
field to determine if larval stages overlapped temporally with Bt spray peri
ods. Our second objective was to evaluate the physiological susceptibility of 
Karner blue larvae to Bt in a laboratory bioassay. 

METHODS 

Karner blue phenology and gypsy moth suppression. We monitored 
spring phenological development of Karner blue and gypsy moth populations 
in two regions of Michigan from 1993 to 1995 to determine if Karner blue lar
val stages coincided temporally with the timing of aerial Bt applications for 
gypsy moth suppression. Bt applications in the Voluntary Cooperative Gypsy 
Moth Suppression Program are timed to occur when the majority of gypsy 
moth larvae are late first and early second instars, and when oak foliage is 
40-50% expanded (Dubois 1991, USDA 1985). 

Five Karner blue-occupied sites in Allegan State Game Area (ASGA) (Al
legan Co.) and one site on the Huron-Manistee National Forest (HMNF) 
(Oceana Co.) (Fig. 1) were monitored. We surveyed spring-generation Karner 
blue larvae and adults once a week from late April through late May in 1993 
and 1994, and from early May through early June in 1995. In 1995, surveys 
for summer-generation eggs and larvae were also conducted. 

Approximately 500 to 1000 wild lupine stems along randomly located 
transects in each site were examined for Karner blue larvae. Larval length 
was recorded and the location flagged so that plants with larvae could be re
located. Larvae were classified as either early (first and second) or late (third 
and fourth) instars based on length. During subsequent surveys, we 
rechecked previous larval locations and searched new lupine stems. Surveys 
for eggs in 1995 were conducted in a similar manner by visually inspecting 
500 to 1000 lupine stems per site. Karner blue adults were surveyed during 
30 to 60 minute walks that traversed each site. Time allocated to adult sur
veys was based on the size of sites (Herms 1996). 

We monitored development of gypsy moth larvae in one population lo
cated ca 16 km east of the ASGA study sites, and in one population which 
overlapped with our Karner blue study site in the HMNF. Gypsy moth egg 
masses and the foliage of 20 to 30 understory host trees were inspected for 
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Oceana---v 

Muskegon 

Ottawa ---

FIGURE 1. Michigan counties where Karner blue butterfly study sites 
were located (Allegan, Oceana), where Bt was applied at least once from 
1993 to 1995 for gypsy moth suppression (Muskegon, Newaygo, Oceana, Ot
tawa), and where Bt laboratory bioassays were conducted (Ingham). 

larvae once a week from egg hatch through early June. We recorded the in
star of up to 100 gypsy moth larvae observed during each survey. 

We evaluated the potential overlap of Karner blue larval stages with 
gypsy moth suppression in two ways. Information on gypsy moth larval de
velopment was used to predict the timing of a hypothetical Bt application 
(i.e., when the majority of gypsy moth larvae were late first instars and early 
seconds) in the ASGA and the HMNF sites. We also compared Karner blue 
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-

Phenological monitoring activities 
of Karner blue butterfly and gypsy 
moth populations 

Nearby counties where areas 
were treated with Bt for 
gypsy moth suppression 

Location of Bt bioassay 
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phenology with dates of actual Bt sprays applied through the Voluntary Co
operative Gypsy Moth Suppression Program in areas near the two Karner 
blue study sites (Ottawa, Muskegon, Newaygo and Oceana Counties) (Fig. 1). 

Bt bioassays. Survival of Karner blue larvae exposed for 7 days to wild 
lupine leaves treated with Foray 48B (Abbott Laboratories, North Chicago, 
IL), a commercial Bt formulation commonly used in Michigan for gypsy moth 
suppression (USDA 1994a, 1995), was determined. A concurrent bioassay 
with second instar gypsy moth larvae on treated white oak (Quercus alba L.) 
leaves was conducted as a check for the Foray 48B dosages. Bioassays with 
each species consisted of three treatments: control (untreated foliage), a low 
Bt dose equivalent to 30-37 Billion International Units (BIU)lhectare (12-15 
BIU/acre) field rate, and a high Bt dose equivalent to 90 BIUlhectare (36 
BIU/acre) field rate. Typical Bt application rates for gypsy moth suppression 
range from 40-90 BIUlhectare (16-36 BIU/acre) (Dubois et a1. 1993, Reardon 
et a1. 1994). Application rates used in the 1994 and 1995 Michigan Voluntary 
Cooperative Gypsy Moth Suppression Program ranged from 40-60 
BIUlhectare (16-24 BIU/acre) (USDA 1994a, 1995). 

Karner blue larvae were reared in the laboratory from eggs of spring
generation female butterflies (Herms et a1. 1996). Twenty female butterflies 
from sites in Montcalm and Newaygo Counties (Fig. 1) were collected in early 
June 1994, and housed in the laboratory for 5 days to obtain eggs (Herms et 
a1. 1996). A total of 61 larvae hatched, but 2 died soon after emerging, leav
ing a total of 59 larvae available for the bioassay. 

Gypsy moth larvae were obtained from USDA APHIS (Animal and Plant 
Health Inspection Service) Methods Development Center insect rearing facil
ities, Otis Air National Guard Base, Massachusetts. Larvae were shipped as 
first instars on artificial diet several days prior to the bioassay, kept at 24°C 
and checked daily. Gypsy moth larvae used in the bioassay were second in
stars that had molted within the previous 24 hours. 

Wild lupine foliage obtained from an isolated field in Ingham Co. (Fig. 1) 
was used for Karner blue rearing and the bioassay (Herms et a1. 1996). 
White oak leaves for the gypsy moth bioassay were obtained from a rural site 
in Ingham Co.. Lupine and oak foliage for the bioassay were harvested one 
day before Bt treatments were applied. Foliage for control treatments was 
kept at 5°C in containers with moist towelling. Foliage for the Bt treatments 
was placed in water pies, secured in a chilled cooler and flown to Hamden, 
Connecticut. The following morning, the lupine and oak foliage was brought 
to room temperature. Low and high Bt treatments were applied using a 
cylindrical spray tower, 2.5 m in diameter and ca. 4 m high (Hubbard & 
Lewis 1973), located at the USDA Northeastern Forest Experiment Station 
in Hamden, Connecticut. The spray tower was designed to simulate aerial Bt 
application, and was equipped with a Mini-Beecomist nozzle calibrated to 
generate drops between 75-125 mm volume median diameter (VMD) (Hub
bard & Lewis 1973), the drop size range generally used in gypsy moth sup
pression programs (Reardon et a1. 1994). Kromekote spray cards (Mead Cor
poration, Dayton, OH) were placed next to the leaves and later analyzed to 
confirm actual spray deposition rates. Bt-treated foliage was returned to 
Michigan by 6 pm that day. 

Bioassays were set up 7 to 8 h after foliar Bt application. Of the 59 avail
able Karner blue larvae, 22 were early instars and 37 were late instars. Fif
teen late instars were randomly chosen for controls. Twenty-two larvae (11 
early and 11 late instars) were randomly assigned to each Bt treatment. We 
used only late instars as controls because of the limited number of larvae 
available for the test. Each larva was placed in a clean petri dish (100 x 15 
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mm) with one lupine leaf (untreated, or low or high Bt), which had its petiole 
inserted into a water-filled 2 ml vial plugged with cotton. 

For the gypsy moth bioassay, 40 second instar larvae were randomly as
signed to each of the three treatments and placed in large, lidded plastic 
boxes (19 x 9 x 8 cm) (Tri-State Plastics, Dixon, KY), 10 larvae per box. Each 
box contained a bouquet of five oak leaves (untreated, or low or high Bt) in a 
water pic. Paper towels were used to line the bottom of the box. 

All Karner blue and gypsy moth larvae were reared on treated or un
treated foliage for 7 days in a growth chamber at 24°C. Larvae were checked 
daily for molting and mortality. To avoid buildup of secondary bacteria, sani
tation practices included daily removal of frass from the leaves and petri 
dishes, replacing the paper towel lining in gypsy moth boxes every 2 days, 
and replacing petri dishes for Karner blue every 1 to 2 days. At the end of 7 
days, all surviving larvae were placed in clean containers with fresh, un
treated foliage. Karner blue pupae were weighed several times prior to adult 
emergence. Surviving Karner blue were reared to adulthood and released 
into their parental collection sites (Herms et al. 1996). The gypsy moth bioas
say was terminated after 13 days. 

Data analysis: Percentage survival of Karner blue and gypsy moth lar
vae on control and Bt treatments were analyzed together as a two-dimen
sional contingency table using SAS CATMOD, a nonparametric procedure for 
categorical data analysis (SAS Institute Inc., 1987). Two separate analyses 
were conducted, the first to test for effects of Bt, species and Bt x species in
teractions, and the second to test for linear effects of the incremental Bt 
rates (none, low and high). The nonparametric one-sided Smirnov test 
(Conover 1980) was used to evaluate differences in larval survival for all 
paired combinations of insect species and treatments. Differences in survival 
between early and late instar Karner blue were evaluated for each Bt rate as 
a nonparametric 2 x 2 contingency table using the chi-square test of inde pen
dence (Conover 1980). To assess sublethal effects of Bt on pupal weight, 
mean pupal weights (measured 2 days after pupation) of female and male 
Karner blues reared on control foliage were compared with Karner blue 
reared on Bt-treated foliage by ANOVA using SYSTAT (Wilkinson 1990). All 
statistical analyses were conducted at p<0.05 level of significance. 

RESULTS 

Karner blue phenology and gypsy moth suppression. We monitored 
gypsy moth and Karner blue phenology at our study sites in ASGA and the 
HMNF to estimate what stage of Karner blue would be present during the 
optimal period for Bt application, had gypsy moth suppression occurred in 
these sites. We also related our observations of Karner blue development in 
the ASGA and HMNF sites to timing of actual Bt sprays that occurred in 
areas of adjacent counties that participated in the Voluntary Cooperative 
Gypsy Moth Suppression Program. 

In 1993, we found spring-generation Karner blue larvae present at AGSA 
during the period when Bt application would have hypothetically occurred 
(Table 1). In 1994 and 1995, spring-generation Karner blue adults were ob
served at ASGA during the predicted spray period. In 1994, these adults had 
already been flying for approximately 5 days before Bt application would 
have been appropriate (Table 1). In the HMNF site, we observed spring-gen
eration Karner blue adults during the predicted spray period each year. In 
1994, the first adults were seen six days before the window for Bt application 
(Table 1). 
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Table 1. Phenological development of spring and summer-generation Kurner blue and h"YPlly moth in AlIegllll Stute Game Area (Alle
gan Co.) and Huron-Manistee National Forests (Oceana Co.) in Michigan in 1993 to 1995. Life stages of Karner blue observed at the 
time of hypothetical Bt application, predicted from gypsy moth development, are in bold. Surveys for second genoration eggs and lar
vae were conducted in 1995 only. 

State Game Area Huron-Manistee National Forests 

Sampling 
Year Date Karner blue l moth Karner blue l moth 

-I::r: 
rn 

1993 
6 May 

Early instars 
Early instars 

Eggs 
1st instar 

Early instars 
Early instars 

Eggs 
Not surveyed 

Q
;;0 
rn 

12 May Earlyllate instars 1st/2nd instars Earlyllate ins tars 1st instar ~ 

1994 

1995 

18 May 
25 May 
28 April 
8 May 
14 May 
19 May 
24 May 
30 May 
3 May 
10 May 
15 May 

Late instars 
Adults 
Early instars 
Earlyllate instars 
Late instars 
Late instars/adults 
Adults 
Adults 
Early instars 
Earlyllate instars 
Late instars 

Istl2nd instars 
1st/2nd instars 
Eggs 
1st instar 
1st instar 
1st/2nd instars 
Istl2nd instars 
2ndl3rd instars 
Eggs 
Eggs 
1st instar 

Late instars 
Adults 
Early instars 
Early instars 
Earlyllate instars 
Late instars 
Adults 
Adults 
Early instars 
Early instars 
Earlyllate instars 

1st instar 
lstJ2nd instars 
Eggs 
Not surveyed 
1st instar 
1st instar 
1st instar 
Istl2nd instars 
Eggs 
Eggs 
1st instar 

};: 
7\ rn 
en 
rn 
Z 
-I 
0 
:<: 
0 
5 
Q 
U; 
-I 

22 May Adults Istl2nd instars Late instars 1st instar 
29 May AdultslEggs 1st/2nd instars Adults 1st/2nd instars 
5 June AdultsiEggsiEarly lst/2nd/3rdl4th AdultsiEggs 2ndl3rd instars 

instars instars 

lKarner blue larvae were approximated as early (first and second) or late (third and fourth) instars during field surveys. 

w 
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Table 2. Timing of Bt applications for gypsy moth suppression applied in Michigan 
counties near Karner blue study sites in 1993 to 1995. 

Bt Application1 

County2 Year Date 

Muskegon 1994 27 May 
1995 30 May-2 June 

Newaygo 1993 28 May 
1994 2-3 June 

15 Junes 
1995 5 June 

Oceana 1993 26 May 
1994 31 May-2 June 
1995 30-31 May 

Ottawa 1993 17 May 
1994 23 May 
1995 25 May 25-2 June 

1Aerial application of Bt in the Michigan Voluntary Cooperative Gypsy Moth Suppres

sion Program administered by the Michigan Department ofAgriculture. 

2See Fig. 1 for location of counties. 

3Date of second Bt application. 


Several areas in Ottawa Co., north of the ASGA study sites (Fig. 1), were 
treated with Bt for gypsy moth suppression from 1993 to 1995 (Table 2). Dur
ing the period of Bt application in Ottawa Co., we observed late instar 
Karner blue larvae of the spring-generation in the ASGA sites in 1993 (Table 
1). No Karner blue larvae were seen in 1994 or 1995 during the Ottawa Co. 
sprays. However, spring-generation Karner blue adults were first observed 4 
and 3-11 days before the 1994 and 1995 Ottawa Co. Bt applications, respec
tively (Table 1). In 1995, Karner blue eggs were first seen 4 days into the 8
day spray period, one week after adults were initially observed. Early instar 
larvae of the summer-generation were first observed 3 days after completion 
of the Ottawa Co. spray period, 2 weeks after adults were seen (Table 1). 

Bt also was applied for gypsy moth suppression in areas of Oceana and 
Newaygo Counties from 1993 to 1995, and in Muskegon Co. in 1994 and 1995 
(Table 2; Fig. 1). Timing of these sprays was related to Karner blue phenol
ogy at the HMNF site. From 1993 to 1995, no spring-generation Karner blue 
larvae were observed in the HMNF site during the spray periods in those 
counties. However, the first spring-generation Karner blue adults were ob
served 1-3 and 7-10 days before the 1993 and 1994 Bt applications, respec
tively, in Oceana and Newaygo Counties (Table 1). Some areas of Newaygo 
Co. that were heavily infested with gypsy moth were treated with a second 
Bt application in 1994. Karner blue adults began flying almost 3 weeks be
fore this second Newaygo Co. application (Table 1), so early instar larvae 
were probably present. In 1995, we first observed spring-generation Karner 
blue adults in the HMNF site 1-4 days prior to Muskegon and Oceana Co. 
applications, and 7 days before Bt application in Newaygo Co.(Table 1). Eggs 
from spring-generation adults were first seen on the same day as the 1995 
Newaygo Co. spray, and 3 and 5 days after the Muskegon and Oceana Co. 
spray periods, respectively (Table 1). 

Ht bioassays. Results of categorical analysis indicated overall survival 
of larvae on leaves sprayed with Bt was significantly lower than larval sur
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Figure 2. Larval survival of (A) Karner blue butterfly and (B) gypsy moth 
over 13 days on control (untreated) foliage, on foliage treated with a low-Bt 
dose (Low; 30-37 BIUlha), or on foliage treated with a high-Bt dose (High; 90 
BIUlha). On Day 7, all surviving larvae were placed on untreated foliage. 

vivalon unsprayed leaves (chi-square 259.1, p<O.OOI). However, there were 
no significant effects of insect species or Bt x species interactions (chi-square 
= 2.2 and 3.9, respectively; p>0.05), suggesting that Karner blue and gypsy 
moth did not differ in their overall response to Bt. There was a significant in
crease in mortality of each species at the higher Bt dose (chi-square =362.3 
for both species combined; chi-square = 459.1 and 111.4 for Karner blue and 
gypsy moth, respectively; p<O.OOI). 

Karner blue survival: All Karner blue larvae reared on untreated 
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Figure 3. Survival over 13 days of early (first and second) and late (third and 
fourth) instar Karner blue reared on lupine foliage treated with a low Bt dose 
(Low; 30-37 BIUlha) or a high-Bt dose (High; 90 BIUlha). On day 7, all sur
viving larvae were placed on untreated lupine foliage. 

lupine leaves survived to adulthood (Fig. 2A). Survival of Karner blue larvae 
in both Bt treatments dropped steeply from Day 3 to 7 (Fig. 2A). By Day 7, 
68% of larvae on low-Bt foliage and 86% oflarvae on high-Bt foliage had died 
(Fig. 2A). After larvae were placed on clean foliage, one additional larva on 
low-Bt foliage died (Fig. 2A). Six larvae reared on low-Bt foliage and 3 larvae 
reared on high-Bt foliage survived to adulthood. In total, 24 out of 59 Karner 
blue larvae were released as adults (13 females, 11 males). 

The Smirnov test indicated significant differences in overall survival be
tween the control and each of the two Bt treatments (p<O.OOI), confirming 
results of categorical analysis. However, mortality did not differ significantly 
between the low and high-Bt rates at any time during the bioassay (p>0.05). 

On Day 3 of the bioassay, survival of early instar Karner blue larvae on 
low-Bt foliage was significantly higher than late instar survival on low-Bt fo
liage (chi-square = 4.70; p<0.05). Differences between early and late instar 
survival also were significant during the Day 7-12 period after larvae were 
removed from the low-Bt foliage (chi-square = 5.24; p<0.025) (Fig. 3). Overall 
survival on the low-Bt foliage, however, did not differ significantly between 
early and late instars (chi-square = 3.67; p>0.05). 

On the high-Bt treatment, there were no differences in survival between 
early instar and late instar Karner blue larvae at any point of the bioassay 
(Fig. 3). Overall survival of early instar larvae was significantly higher on 
the low-Bt foliage than on high-Bt foliage (chi-square == 6.47; p<0.025). Sur
vival of late instars did not differ significantly between low and high-Bt 
treatments (chi-square = 1.22; p>0.5). 

Pupal weights of Karner blue used in the bioassay were quantified to as
sess possible sublethal effects of Bt. The data suggest a Bt concentration-de
pendent decrease in Karner blue pupal weight (Fig. 4). However, the only sig
nificant difference was between male pupal weights for the control versus 
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Figure 4. Mean pupal weight (+ 1 SE) two days after pupation for female and 
male Karner blue larvae used in the Bt bioassay. There were 8, 4, and 1 fe
male survivors and 7, 2, and 2 male survivors on control, low-Bt (Low; 30-37 
BIUlha) and high-Bt (High; 90 BIUlha) treatments, respectively. Letters 
above bars indicate significant differences among Bt treatments (p<0.05); 
male and female data were tested separately. Female pupal weight for the 
high-Bt treatment was not included in ANOVA. 

high-Bt treatment (F = 6.84; df = 1, r < 0.05). No other within-gender com
parisons of mean pupal weight were significant (p>0.05), probably due to the 
small sample sizes. Female pupal weight for the high-Bt treatment was not 
included in ANOVA because only a single female survived. 

Gypsy moth survival: All gypsy moth larvae reared on untreated fo
liage survived to Day 8. Some mortality occurred after Day 8, although 80% 
of the larvae survived to Day 13 (Fig. 2B). In the Bt treatments, some larval 
mortality occurred on Day 3, but a steep drop in survival was not observed 
until Day 6 (Fig. 2B). At Day 13, larval survival was 33% and 5% on the low 
and high-Bt treatments, respectively (Fig. 2B). As with Karner blue, Smirnov 
analysis indicated that gypsy moth larval survival on both low and high-Bt 
treatment differed significantly from the control (p<O.OOl), but did not differ 
significantly from each other (p>0.05). 

DISCUSSION 

Conflicts between forest pest management involving Bt and conservation 
of nontarget endangered Lepidoptera are likely to increase. For example, is
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sues regarding the use of Bt recently arose in Wisconsin, where Karner blue 
occurs in jack pine (Pinus banksiana Lambert) stands infested with jack pine 
budworm (Choristoneura pinus pinus Freeman; Lepidoptera: Tortricidae) 
(Baker 1994). In general, susceptibility of nontarget Lepidoptera to Bt de
pends on the presence of vulnerable larval stages when Bt is sprayed (e.g., 
phenological susceptibility), toxicity and/or viability of Bt to larvae when in
gested (e.g., physiological susceptibility) (Dubois & Lewis 1981, Venables 
1990), larval consumption of Bt-treated foliage, and the length of time that 
Bt remains toxic after spraying (Johnson et al. 1995). 

Bt application for gypsy moth suppression is generally timed to occur 
when highly susceptible first and second instars predominate, and when 40% 
to 50% canopy development has occurred (Dubois 1991). However, timing 
varies considerably from year to year due to factors such as weather, and 
rates of canopy and larval development (Dubois 1991, Reardon et al. 1994). 
For example, some suppression program managers may spray while most 
larvae are first instars, to ensure that Bt penetrates the overstory and 
reaches shrub vegetation where early season feeding may occur (R. Mech, MI 
Dept. of Natural Resources, pers. comm.). Typically, there is about a 2 week 
''window" for effective Bt application (Smitley & Davis 1993). 

Our phenological data over a three-year period indicated that Bt applica
tion for gypsy moth suppression in Michigan is likely to coincide temporally 
with vulnerable stages of Karner blue. For example, in 1993, late instar 
Karner blue of the spring-generation were actively feeding during both the 
predicted and actual Bt spray periods in southwestern Michigan. In 1994 
and 1995, spring-generation Karner blue adults were present in the ASGA 
sites 3 to 11 days prior to Bt applications in nearby areas. Adults were pre
sent in the HMNF site as much as 7 to 10 days prior to nearby Bt applica
tions (ca. 3 weeks prior to a second Bt application in one county in 1994). 

Our 1995 observations indicated that spring-generation adults can begin 
laying eggs within one week after the first butterflies emerge. Egg hatch is 
estimated to occur within one week in the field (Dirig 1994, Schweitzer 
1989). Herms et al. (1996) found that Karner blue eggs laid in the laboratory 
took between 2 to 6 days to hatch at 24°C. Based on this information, we pre
dicted that summer-generation larvae could begin hatching approximately 10 
to 11 days after the first spring adults emerge. Thus, Karner blue first in
stars could have begun to hatch during or a few days after Bt application in 
1994 and 1995, and would have been at risk, assuming Bt persistence of 4 to 
6 days. In 1995, we searched the ASGA sites for summer-generation first in
star Karner blue, which are small (ca. 1.5 mm), well-camouflaged and diffi
cult to locate when newly hatched (Herms 1996, Swengel 1995). We first ob
served an early instar larva 14 days after spring-generation adults were 
initially observed (Table 1), and only 3 days after completion of the Bt spray 
period in a nearby area (Table 2). 

Toxicity of Bt is generally thought to breakdown within 4 to 6 days of 
field application due to environmental factors such as sunlight, temperature, 
vapor pressure deficit, and rain (Beegle et aL 1981, Ignoffo et al. 1974, Leong 
et al. 1980, Pinnock et al. 1974, Reardon et al. 1994). However, some studies 
suggest that Bt may remain toxic for longer periods of time in the field than 
previously thought (Beckwith and Stelzer 1987, Johnson et al. 1995, Leong et 
al. 1980). Mortality rates may also be affected by interactions between Bt 
and other bacteria present as opportunists (Dubois & Dean 1995). Longer 
persistence of Bt toxins or spores increases the chance that early instars of 
summer-generation Karner blue could ingest lethal Bt fractions. Field bioas
says would be the most conclusive way of determining persistence of Bt toxic
ity for Karner blue (Leong et al. 1980). 
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Results from our laboratory bioassays indicated that Bt·treated foliage 
was toxic to both early and late instar Karner blue larvae and that overall 
survival of Karner blue and gypsy moth larvae on treated leaves was similar. 
Most Lepidoptera, including gypsy moth, are more susceptible during early 
instars than later instars (Peacock & Schweitzer 1992, Reardon et al. 1994, 
Wagner & Miller 1995), although some exceptions have been reported (James 
et al. 1993, Peacock et al. 1993, Wagner & Miller 1995). 

In our study, early (I and II) and late (III and IV) instar Karner blue ap
peared equally susceptible to Bt. This result may reflect a shift in feeding be
havior as Karner blue larvae develop. Early instar larvae chew a small entry 
hole in the epidermal layer of the lupine leaf and feed by skeletonizing 
within the leaf (Haack 1993). Therefore, exposure to Bt by neonates occurs 
while chewing the entry hole on only one leaf surface, minimizing ingestion 
of a physiologically lethal dose. Late instar larvae feed freely on the entire 
leaf, risking consumption of more Bt. Given that all Karner blue larvae were 
negatively affected by Bt, we assume that the late instar spring-generation 
larvae observed in 1993 and early instar larvae of the summer-generation 
that were likely present in 1994 and 1995 would have been at risk if Bt had 
been applied for gypsy moth suppression. 

Although there was a trend for reduced pupal weight and possibly lower 
fecundity (Honek 1993) of Karner blue reared on Bt-treated foliage, mean 
pupal weights differed significantly between control and high-Bt treatments 
only for male Karner blue. Since few females and males survived the Bt 
treatments to provide comparison, these data should be interpreted cau
tiously although similar effects were observed in studies with spruce bud
worm (Choristoneura fumiferana (Clemens» (Bauer and Nordin 1989). Sub
lethal effects of Bt have been previously considered for beneficial insect 
predators and parasitoids (Croft 1990), but possible sublethal or multi-gener
ational impacts of Bt on nontarget Lepidoptera need further investigation. 

It should be noted that our bioassay was conducted using lupine and oak 
leaves, rather than intact plants. We assumed that this did not substantially 
affect our results, which seems reasonable since larval mortality on un
sprayed leaves was minimal. Ideally, however, physiological susceptibility 
should be investigated in the field or at least on intact plants, to avoid any 
interactions between Bt and host plant quality. 

Results of our field and laboratory studies lead us to conclude that 
Karner blue is both physiologically and phenologically susceptible to Bt used 
for gypsy moth suppression. The extent of phenological overlap and the lar
val generation (spring vs. summer) at risk, however, may vary from year to 
year. Evaluating potential risks of gypsy moth suppression on the survival of 
Karner blue populations requires consideration of several variables including 
the size and level of isolation of populations, and the length of time that Bt 
remains active against Karner blue larvae after field application. Small or 
isolated Karner blue populations would face greater risk than populations 
with large numbers of individuals or those in close proximity to other popula
tions to allow for recolonization (Schweitzer 1994). 

Information regarding the susceptibility of nontarget Lepidoptera to Bt, 
including physiological susceptibility, the temporal overlap of larval stages 
with Bt application, and the duration of Bt's toxic persistence, must be con
sidered in management plans for gypsy moth. In the absence of suppression, 
however, severe gypsy moth defoliation could affect natural enemy abun
dance, microclimate, or host plant availability or quality (Johnson et al. 
1995, Liebhold & Elkinton 1989, Sample et al. 1993, Wagner & Miller 1995). 
Development of Bt-based products with higher specificity for gypsy moth 
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(Dubois & Dean 1995, van Frankenhuyzen et al. 1991), would reduce the im
pact of gypsy moth control on nontarget lepidopteran species. 
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LIFE CYCLE OF ISOPERLA LATA (pLECOPTERA: PERLODIDAE) 

IN A CENTRAL WISCONSIN TROUT STREAM 


John B. Sandberg1 and Stanley W. Szczytko2 

ABSTRACT 

Monthly qualitative samples of Isoperla lata Frison were made from Jan
uary 1992 to June 1993 in Ripley Creek, a small second order trout stream in 
Lincoln County Wisconsin. Additional collecting and an in-stream hatching 
experiment were conducted in 1994. This species exhibited an S1 (slow) uni
voltine life cycle. Emergence was synchronous and occurred in late April 
through early May when stream temperatures in the field were approxi
mately 9-14° C and laboratory stream temperatures were 7-17° C. Labora
tory longevity was 2-25 (x = 18.2 ± 4.51) days for males and 7-39 (x = 21.7 ± 
5.35) days for females. Mean fecundity of dissected females was 322 ± 122 
eggs/female. Females did not deposit egg masses in the laboratory until 
being held together with males inside modified screened plastic containers. 
Field-collected females did not have eggs. The egg shape was ovoid and circu
lar in cross section. Mature eggs were light brown and measured 371.7 ± 12.6 
mm and 260.7 ± 10.2 mm in length and width respectively. Eggs required a 
40-46 day in-stream incubation period and first instar nymphs hatched syn
chronously over a two day period when stream temperature reached 20°C. 
Nymphal growth was nearly exponential from June to January and then de
clined until emergence. The greatest growth increment occurred between 
June and October and the average maximum size attained occurred in Feb
ruary. Males and females had approximately 18 and 19 instars respectively. 
Nymphs were primarily carnivorous throughout development and fed on lar
val Chironomidae, Ephemeroptera, and Plecoptera. 

Plecoptera are hemimetabolous with aquatic nymphs that occur primar
ily in lotic habitats. They are considered to be indicators of good water qual
ity because they usually inhabit clean, cold streams and have low tolerance 
to organic and inorganic pollution. Fifty seven species of stoneflies have been 
recorded in Wisconsin (Hilsenhoff 1995) of the ca. 600 species that occur in 
North America (Stark et al. 1986). The genus Isoperla occurs commonly in 
Wisconsin in unpolluted streams where nymphs cling to substrate or debris 
(Hilsenhoff 1995). Hilsenhoff and Billmyer (1973) studied the taxonomy and 
distribution of Wisconsin Perlodidae and provided a regional species key. 
General knowledge of important life history features ofWisconsin Isoperla is 
limited. 

Isoperla lata Frison is widely distributed over the eastern and north 
central United States and Canada (Stark et al. 1986). This species appar

lPesent address: 10921 W. 107th Place, Broomfield, CO 80021. 

2College of Natural Resources, Univ. of Wisconsin, Stevens Point, WI 54481. 
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ently inhabits cold, lower order stream systems with good water quality and 
does not appear to be abundant throughout its range compared to other 
congeners. In Wisconsin it is one of the first Isoperla to emerge and appears 
to be limited to the northeastern half of the state (Hilsenhoff and Billmyer 
1973). Frison (1942) described the adults and nymphs of 1. lata and Har
den and Mickel (1952) provided a key to the Minnesota Isoperla species 
including 1. lata. Harper and Magnin (1969) studied some aspects of the life 
cycle of this species in Quebec and reported a slow growth univoltine 
life cycle with emergence occurring in early May and oviposition in early 
July. 

SITE DESCRIPTION 

The study was conducted on the lower reach of Ripley Creek, above and 
below Wisconsin state highway 107 located in the Lincoln County Park, 
Camp Newwood. The stream within the study reach is a second order sys
tem, which supports a resident brook trout, Salvelinus frontinalis (Mitchill) 
population. The perceived water quality of this stream was excellent and it 
supported a remarkable number of other stonefly species and large beds of 
aquatic plants. The headwaters are located in shallow tamarack (Larix laric
ina (Du RoO K. Koch.) wetlands with the stream flowing southeast into the 
Wisconsin River. Ripley Creek is 5.3 km long and has an overall change in el
evation of 57.9 m. There is a small permanent spring fed tributary entering 
194 m upstream from the hridge. Sampling was conducted from the mouth to 
400 m upstream (Fig. 1). 

Typical substrates in the study reach included gravel and cobble which 
formed riffles interrupted by either small cataracts or pools. In August 
1992, decreased flow caused two pools to become isolated from the main 
flow of the stream. Many boulder and cobble substrates within the study 
reach were covered with leafy liverworts (Chiloscyphus sp.) and water moss 
(Fontinalis sp.) which provided cover and resting sites for emerging insects. 
The banks of the stream above the bridge were primarily undercut, with 
well-developed riparian vegetation consisting of grasses, sedges and white 
pine forest. 

Other stoneflies collected within the study area included Acroneuria sp., 
Allocapnia sp., Amphinemura delosa (Ricker), Clio perla clio (Newman), Hap
loperla brevis (Banks), Isoperla transmarina (Newman), Isoperla cotta 
Ricker, Isoperla slossonae (Banks), Isoperla signata (Banks), Leuctra tenuis 
(Pictet), Paracapnia angulata Hanson, Prostoia completa (Walker), 
Strophopteryx fasciata (Burmeister) and Taeniopteryx nivalis (Fitch). Aquatic 
plants common at study sites included: leafY liverworts (Chiloscyphus spJ, 
water moss CFontinalis sp.), and water cress (Nasturtium sp.). 

METHODS AND MATERIALS 

Nymphs were qualitatively collected monthly with a 600 !llll mesh rec
tangular frame kick net from January 1992 to June 1993 unless shelf ice pre
vented access to the stream. A minimum sample size of 100 nymphs (com
bined from all kick samples) was arbitrarily used to defme a complete sample
for a particular sampling date. Sampling periods varied in duration from one 
to four days. Pre-study sampling from a variety of stream microhabitats indi
cated that 1. lata nymphs were primarily collected from undercut banks with 
gravel and cobble substrates. Sampling efforts were concentrated, but not 
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Figure 1. Map of Wisconsin and counties showing location of Ripley Creek 
and Lincoln County. 

limited to these habitats throughout the study. Nymphs were picked from 
debris and preserved in 80% isopropyl alcohol for later measuring in the lab
oratory. Live late instar nymphs were also collected when pre-emergent 
nymphs (dark wing pads) were first observed in the stream. These nymphs 
were transported back to the laboratory in Styrofoam containers with stream 
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water for rearing experiments. A modified 230 !lm mesh second stage bag 
was attached to the kick net behind the 600 !lm mesh bag to facilitate collec
tion of early instars. Hyporheic habitats were sampled to a depth of 30 cm 
below the substrate surface by digging into the stream bed with a spade and 
collecting nymphs in the two stage net. 

Growth was charted from interocular distance (lOD-shortest distance 
between the eyes) and body length (BL-exclusive of antennae and cerci) 
measured with a calibrated ocular micrometer fitted to a stereo-dissection 
microscope. Nymphs were sexed by the presence or absence of a gap in the 
posterior setal row of the eighth sternum (Stewart and Stark 1988). Middle 
instar (ca. 0.69 IOD) female nymphs exhibited this gap and males did 
not. Early instar nymphs were not sexed due to the incomplete develop
ment of this posterior setal row. Sex specific growth histograms were con
structed using 0.03 mm size classes and instars were interpreted from indi
vidual peaks on the histograms. The methods of Janetschek (1967), Dyar 
(1890), and Harper (1973a) were used to interpret growth and instar devel
opment. Stomach and foregut contents of monthly field collected nymphs 
were removed by dissection and identified to the lowest practical taxonomic 
level. 

Adult emergence frequency histograms and sex ratio were determined by 
collecting exuviae from trees and other emergence structures. Attempts to 
collect adults with pitfall traps (10-15 cm dia. coffee cans filled with 1-2 cm 
100% kerosene), a malaise trap set over stream margins, sticky-trap applied 
to trees, and sweep-netting failed to trap sufficient numbers. Exuviae were 
collected daily and preserved in 80% isopropyl alcohol. Because of their low 
numbers and elusive behavior, adult presence in the field was estimated 
from the exuviae collections. Mating, longevity, fecundity, additional observa
tions of emergence, and sex ratio were documented in the laboratory from 
reared individuals. 

In 1993 and 1994 2-quart plastic holding containers modified with 230 
or 600 11m plastic mesh windows were used to hold males and females to
gether. Egg batches obtained from gravid females were put into 230 }.lm 
mesh sewn envelopes and placed with actual stream substrate into PVC 
pipe egg hatching containers. These PVC containers were 14 cm long by 3.8 
cm wide (lDl and numerous small holes (3-7 mm) were drilled through the 
pipe to provide for constant exchange of stream water. In 1993 these con
tainers were placed in an artificial stream (Living stream, Frigid Units, 
Inc., model LS 700) adjusted to field temperature and photoperiod. In 1994 
the egg containers were placed in the study creek and anchored in habitats 
suitable for hatching experiments. Ova were inspected at least every other 
day with a dissecting microscope during the suspected hatching period 
until first instars hatched. 

Ova were dissected from preserved gravid females and prepared for scan
ning electron microscope study using methods described by Szczytko and 
Stewart (1979) and Stark and Szczytko (1982). Scanning electron micro
graphs of ova were made with a JOEL JSM-5400 scanning electron micro
scope at the University of Wisconsin-Stevens Point. 

Depth, velocity, temperature and dissolved oxygen were measured at 
sample collection sites for each sampling date. Velocity was measured to the 
nearest 0.01 ftlsec with a Marsh-McBirney model 201D portable electronic 
current meter that was calibrated at the beginning of the project. Velocity 
measurements were taken at sites where net samples were obtained (within 
the water column) and were within 7.62-15.24 cm of actual nymph habitats. 
The depth to substrate was measured with a 1.83 stainless steel Price wad
ing rod calibrated in 3.05 cm units. Dissolved oxygen was measured using a 

http:7.62-15.24
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Hach field kit (Model AL-368) and temperature was measured with a stan
dard handheld thermometer. 

RESULTS AND DISCUSSION 

Emergence occurred in the evening beginning at 1800 hr and continued 
sporadically until 0230 hr. Nymphs crawled up to 1 m from the stream mar
gin and climbed trees where ecdysis occurred from a few centimeters high to 
heights reaching 3 m. This observation is consistent with findings reported 
by Harper and Magnin (1969). Ecdysis required 20-30 min. in the laboratory 
and wings were soft and held vertically over the abdomen for approximately 
1 hr, after which wing color and veination cha from an obscure white-
gray to normal translucent black. In the field, ecdysis, several teneral 
adults crawled up trees, presumably seeking cover in the tree canopy as has 
been reported for other stonefly species (Hynes 1976, Jop and Szczytko 1984, 
Stewart and Stark 1988). Non-teneral adults were difficult to find near the 
stream. 

Extruded egg masses were not collected from six females that made 
flights back to the stream from the riparian canopy on 8 and 9 June, 1994. 
This observation occurred coincident with 1. cotta flights and was nearly one 
month after 1. lata had completed emergence. These flights were observed at 
1930 hr and occurred one hour after the main pulse of the 1. cotta flight pe
riod. Whether the egg masses were dislodged during handling, or the adults 
had previously oviposited is unknown. Minshall and Minshall (1966) ob
served Clio perla clio making glides down to the stream when oviposition did 
not occur. The flight pattern for the six females was downstream which is op
posite to the upstream' pattern reported for Isoperla signata (Jop and 
Szczytko 1984; and person observation), and the order Plecoptera in gen
eral (Hynes 1976). Consistent with previous oviposition observations, the fe
males landed on the stream surface and fluttered their wings while en
trained in the current. 

Field exuviae collections suggested that adults had a relatively synchro
nized emergence pattern. Exuviae were first observed and collected on 30 
April, 1993 and 1994 when stream temperature was 12° C for both years 
(Figs. 2 & 3). The sex ratio (male:female) in 1993 was 0.74:1 and 1.09:1 in 
1994, which was determined from 519 exuviae collected each year. The emer
gence period for 1993 and 1994 lasted 6 and 10 days respectively. Emergence 
presumably ended on 5 May 1993 and 9 May, 1994 when no additional exu
viae or nymphs were collected. 

Emergence (exuviae collection) was slightly protandrous in 1994 and 
nearly 50% of males and females emerged on 1 May and 2 May respectively. 
Emergence frequencies were skewed slightly negative in 1993 and 1994, and 
fit the definition of a short, synchronous emergence which is concentrated in 
the beginning of the period (Harper and Pilon 1970). Protandry was not ob
served in 1993 when nearly 80% of both males and females emerged by 1 
May. A short period of high water and increased stream flow may have inter
rupted emergence before 30 April 1993. 

Late instar nymphs were collected from late March to early April 1992, 
and began emerging under laboratory conditions on 27 April, when stream 
temperature increased to 7° C, and ended on 7 May, when stream tempera
ture reached 17° C (Figs. 2 & 4). Dissolved oxygen in the stream was usually 
above 70% of saturation for the entire study period and was not considered to 
be a limiting factor (Fig. 2). These laboratory and field results might suggest 
an emergence cue of ca. 7-17° C for laboratory emergence and 12-14° C for 
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field emergence, however more detailed thermal and emergence data are 
needed to support this hypothesis. By 29 April, and 1 May, fifty percent of the 
males and females emerged respectively. Mating occurred soon after emer
gence and continued throughout the early laboratory life span. From the 98 
laboratory reared adults, the male:female ratio was 1.5:1 and longevity was 
2-25 days ex =18.2 ± 4.51) for males and 7-39 days (x = 21.7 ± 5.35) for fe
males. Mean longevity increased for males and decreased slightly over time 
for females. The mean fecundity of 71 dissected females was 322 ± 121 eggs. 
Average egg counts increased for females during the midpoint of emergence, 
and then declined. 

Forewing and body lengths of adults that emerged early in the 1992 labo
ratory emergence period were slightly larger than those emerging later. Size 
of adult stoneflies generally decreases in the latter part of the emergence pe
riod (Khoo, 1964, 1968). It is thought that the stimulus to emerge causes 
smaller individuals to "catch-up" and emerge before attaining their full size. 
Average adult female (N=88) body length (10.61 ± 0.63 mm) and forewing 
length (11.75 ± 0.55 mm) were larger than males (N=103), (9.03 ± 0.47 mm) 
and (9.69 ± 0.34 mm) respectively. Laboratory rearing efforts continued in 
1993 and 1994, and were modified to ensure collection of egg masses. Males 
and females were held in 2-quart screened plastic holding containers and 
mated frequently and produced egg masses. Laboratory emergence patterns 
from 1993 and 1994 were slightly protandrous and synchronous (Fig. 4). In 
1993, the sex ratio Cmale:female) of adults was 1:1.1 (N=75) and 0.7:1 in 1994 
(N=213). Fifty percent of laboratory adults had emerged by 28 April, 1993 
and 20 April, 1994. 

Laboratory reared females emerged with eggs partially developed in 
1993-1994, and mated frequently during their first day of life. This finding 
suggests that eggs begin to develop in late instar nymphs. The mean number 
of eggs per egg mass and the number of egg maSses decreased through time 
in 1994. 

The general egg shape was ovoid and the cross section circular. Mature 
eggs were light brown and average length and width were 371.7 ± 12.6 and 
260.7 ± 10.2 J.lIll respectively. The collar was well developed, and offset from 
the egg body by a low shoulder (Figs. 5 & 6). The collar was stalked and ir
regularly incised with low longitudinal carinae and apically flanged rim. The 
shoulder was low with elevated carinae. The chorionic surface was covered 
with irregular hexagonal follicle cell impressions (FCr's); FCI walls were 
raised and thickened and the floor was flat with numerous shallow puncta
tions. The eclosion line was well developed near the posterior pole, elevated 
and thickened (Figs. 6 & 7). Micropyles were positioned singularly on top of 
the FCI ridges along an irregular posterior row above the eclosion line. Two 
sticky gelatinous matrices were observed expanding from hydrated eggs, one 
surrounding the egg body and the second forming an umbrella-shaped an
chor over the collar. 

In 1992, reared females did not produce extruded egg masses when held 
singularly or in combination with males in Styrofoam cups, however 22,916 
eggs were dissected from 71 adult females of which 12,692 mature eggs were 
used for petri dish hatching experiments. An unidentified fungus infected the 
eggs and hatching failed. 

No eggs hatched from the 1993 laboratory egg hatching experiments. Egg 
masses collected from females held together with males in 2-quart screened 
plastic holding containers were placed into 230 J.lIll mesh envelopes and then 
into PVC pipe hatching chambers with stream substrates. The initial tem
perature was set at 15° C in an artificial stream containing actual Ripley 



150 THE GREAT LAKES ENTOMOLOGIST Vol. 30, No.4 

2' 

1992 21 21 

20 . 
en=: 
::::I 

~u 
'0 ... 
III 10 

..Q 

E 
::::I 
Z , 

o . 
"'14 "',. 411. 4J22 .,.. AI2S 4l'Z7 4f2I 4tH 4f3O SlOt SlO2 $104 IN07""" 

20 

Emergence Date 
12 

H 

,. 1993 

.i!l 
"Sa 
~ 
'0... • 
III 

..Q
E 4 

::::I 
Z 

~ I ~ i I 
"'14 "'16 4111 .,.0 41112 .cJ24 412S .na 4127 4121 it/2$ 00 5101 !I02 !103 

Emergence Date 
U 

19943. 

:ilL, 
::::I 
"C « 2. It 

'0 17 

~ 1S 
..Q " " § ,. 
z 

s . 

"'14 4115 "''f8 "17 4111 "'it 4120 4.121 5101 !N07 

Emergence Date 

Figure 4. /soperla lata laboratory emergence patterns from 1992 (N=98), 
1993 (N=75) and 1994 (N=213)-male (light bars), female (dark bars). 

5107 



THE GREAT LAKES ENTOMOLOGIST1997 151 

Figures 5-7. Scanning electron micrographs of Isoperla lata egg. 5. Detail 
of egg collar; 6. Whole egg; 7. Detail of eclosion line and micropyles. 

Creek water and substrates. Temperature and photoperiod were adjusted to 
approximate stream conditions as time elapsed. The egg hatching experi
ment began on 9 May and the last egg mass was added on 18 May. Artificial 
stream temperature was adjusted to a maximum temperature of 19° C by 20 
June, however it was apparent at this time that the eggs were infected by a 
fungus and had turned from medium brown to milky white and the experi
ment was terminated. 

In 1994, egg hatching followed a synchronous, short term development 
pattern typical of homodynamic species (Mutch and Pritchard 1982, Jop 
and Szczytko 1984, Vaught and Stewart 1974). Two egg hatching chambers 
were anchored in Ripley Creek on 30 April, 1994 when stream temperature 
was 8° C. On 5 May stream temperature was 13°C and three more egg 
masses were put in envelopes and were placed into a third egg hatching 
chamber and anchored near the first two. By 12 June no eggs had hatched, 
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Figure 8. Seasonal growth of 1366 Isoperla lata unsexed, male female and 
first instar (first instars experimental hatched) nymphs collected from Ripley 
Creek, Lincoln Co. Wisconsin (1992-1994). Vertical line range, left tic av
erage female IOD, right tic average male IOD, number at top = number 
measured, connecting line between months mean IOD for sample date. 

however on 14 June when stream temperature reached 20° C, 92% of the 
eggs (N=246) had hatched and hatching chambers were removed from the 
stream. These results suggest a temperature cue of ca. 20° C for egg hatch
ing, however additional detailed field thermal data and hatching experi
ments are needed to substantiate this hypothesis. Egg development ranged 
from 40-46 days ex = 43 ± 3). It is apparent from our hatching experiments 
that we were not successful in emulating the important environmental 
variables for this species in the laboratory to initiate egg hatching. This 
suggests that egg hatching of this species is sensitive to subtle, natural in
stream oscillations of temperature, water chemistry and other important 
environmental variables. 

Nymphal growth rates were roughly exponential from June to October. 
By early September nymphs were half grown and greatest growth occurred 
from August-October and decreased from November-April (Fig. 8). In 1992 
and 1993 stream temperature was less than 2° C from November-March and 
increased to ca. 6° C by mid April. Slow growth occurred during the coldest 
months (November-February) and decreased until emergence. These charac
teristics along with emergence in late April to early May conform to Hyne's 
(1961) classification of an Sl (slow) univoltine life cycle. 

IV 
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Maximum size was attained in late February and declined until emer
gence. The decline in growth rate was probably due to small sample size, or 
that the larger, more developed nymphs moved to different microhabitats, 
and or, escaped sampling. Several larger, more developed nymphs were col
lected during this period of decline from within the overhanging bank struc
ture. A large size range throughout the seasonal growth period was observed 
as previously reported by other workers (Brink 1949, Hynes 1941, 1961, 
Harper and Magnin 1969, Harper and Pilon 1970, Harper 1973b, Jop and 
Szczko 1984, Oberndorfer and Stewart 1977). Differential growth rates, 
hat . sequence and sexual dimorphism among individuals probably con
tribu to the observed large size range of nymphs. 

First instar nymphs from in-stream incubation studies crawled out of 
eggs after they pushed open a hinged cap that split along the eclosion line 
(Degrange 1957, Heiman and Knight 1970, Vaught and Stewart 1974, Obern
dorfer and Stewart 1977, Snellen and Stewart 1979). First instars (Fig. 9) 
were unpigmented, distinctly setose, slightly sc1erotized, without ocelli and 
had three cercal and nine antennal segments. Mean laD was 0.17 ± 0.01 
mm, and body length ranged from 0.58 mm to 1.08 mill. Guts (N=25) con
tained amorphous unidentifiable material. 

Nymphs were primarily collected from undercut banks with predomi
nately cobble and gravel substrates in current velocities of 0.17-0.61 m/sec 
and depths of 0.07-0.32 m. The I. lata nymphs were not collected from hy
porheic habitats, however early instar P. angulata nymphs were. The I. lata 
nymphs were first sexed when they were approximately 0.69 mm laD (8-9 
instar). Later instars were dark with dorsal longitudinal yellow bands on the 
abdomen with distinct yellow patterns on the head and thoracic nota. 
Nymphs reached an average maximum size of 1.51 ± 0.07 mm (IOD) and 
10.73 ± 0.50 mm (BL) for males, and 1.77 ± 0.11 mill (IOD) and 12.90 ± 0.62 
mm (BL) for females. Sexual dimorphism in body size is common for Ple
coptera and is usually attributed to the greater body size needed by females 
for egg production. 

The size frequency distributions and Janetschek's (1967) method indi
cated a combined range of 11-19 total instars for 1047 sexed and 319 un
sexed field collected and in-stream hatched nymphs (Figs. 10 & 11). Sixty
four laD size classes with a 0.03 mm size class interval were used to 
construct size frequency distributions. The plot of suspected instar number 
and natural logarithm of laD for that instar, determined from the size fre
quency histograms and Janetschek modes, did not conform to Dyar's rule of 
regular stepwise development (Fig. 12). The growth rate of early instars was 
slightly greater than later instars. Growth in other univoltine stoneflies has 
been shown to be concentrated in the wing pads and genitalia during the last 
instars (Harper 1973a). Early instars did not have a relative constant incre
ment between successive instar points (Fig. 12) which could have been the 
result of missing laD observations. 

The gaps found between first instar, unsexed, and sexed nymphs may re
flect missing instars because nymphs were not field collected in July 1992 
(Fig. 8). Three additional instars were intercalated by Harper's (1973a) 
method. In this study, missing instars were intercalated on a Dyar's law plot 
after the first instar laD was plotted in the continuation of a best fit line 
drawn through observed data points (Fig. 12). A male-female size frequency 
distribution indicated ca. 18 instars for males and 19 instars for females (in
cluding unsexed and intercalated individuals) (Fig. 10). 

Harper (1973a) felt these methods were crude and suggested that more 
attention be given to the underlying theoretical basis of instar number deter
minations. Future investigations should include vigorous laboratory 
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Figure 9. lsoperla lata first instar nymph-scale 100:1. 
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Figure 10. Size frequency histogram of interocular distance from 547 male, 
500 female, 209 first instar and 110 unsexed nymphs (clear bars) of Isoperla 
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Figure 12. Relation between IOD and instar number in Isoperla lata 
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nymphal rearing as well as field collections to substantiate true or more reli
able estimates of larval instars (Fink 1984, Harper 1973a, Jop and Szczytko 
1984). Nymphal development described using indirect methods of instar de
terminations for mayflies and stoneflies has received critical attention (Fink 
1980, 1982, 1984; Khoo 1964). The effects of heterogeneous development, 
temperature, sexual dimorphism within instars, and the plasticity of instar 
number commonly confound analysis by indirect methods. Hynes (1976) 
found that stonefly instar number was indeterminate and that laboratory de
velopment may not extrapolate to development in natural populations. Most 
methods for determining instar number are based on linear measurement 
and describe growth better than development (McClure and Stewart 1976). 
Butler (1984) stated that the degree of resolution in determining develop
mental age using instar number was low and new techniques should be em· 
ployed. 

Qualitative examination of 312 foregut and stomach contents suggested 
that 1. lata was mostly carnivorous in all size classes except first instars. 
Chironomidae (35.7%) and Plecoptera (31.8%) formed the majority of food 
items ingested (Table 1). The highest proportion of empty stomachs (41.7%) 
was observed just before emergence in late April 1992. Other studies (Frison 
1935, Minshall and Minshall 1966) have also reported large numbers of Chi
ronomidae larvae in the foregut of other perlodid species. 



Table 1. Foregut and stomach contents of 312 lsoperla lata nymphs from 1992-1993. Monthly dissections consisted of 12 male and 12 
female or 24 unsexod nymphs. Identifications wore made to the lowest possible taxonomic level. 
Sample Date 03/21 04/1] 08/20 09/07 10/12 11116 12113 OJJ23 02127 03126 04/23 %Total' 

Chironomidae larvae 8 5 18 
Number ofOrganismsb 

7 4 4 2 15.15 
-0 
-0 

"" Orthocladinae 1 5 2 2.12 
ChaetDcladius sp. A 1 1 0.91 
OrthDcladius Bp. 1 0.30 
OrthDCladius sp, D 1 3 1.21 
OrthDcladius sp, E 5 2 2.42 
Parachaetocladius sp. A 1 0.30 
Nanocladius sp, 1 0.30 
Thienemanniella sp. 1 0.30 
Eukiefferiella sp. 1 0.30 
Symposiocladius sp. 
Tanypodinae 
CDnchapelopia sp. 
NiiDtanypus sp. 
PDlypedilum sp. 
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Micmtendipes sp. 
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Micropsectra sp. 
Rheocricotopus sp. 
Stempellenella sp. 
Pagastia sp. 

Simulidae 
Prosimulium fuscum 
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RELATIONSHIP BETWEEN FRUIT YIELD AND DAMAGE BY 

CODLING MOTH AND PLUM CURCULIO IN A 

BIOLOGICALLY-MANAGED APPLE ORCHARD 


M. Sean Clark1 and Stuart H. Gage2 

ABSTRACT 

Fruit yield, codling moth (Cydia pomonella) damage, and plum curculio 
(Conotrachelus nenuphar) damage were monitored over an 8-year period in a 
O.5-ha, biologically-managed apple orchard in southwestern Michigan. The 
relationship between yield and damage was examined for both of these pests. 
The orchard showed clear biennial bearing patterns of alternating high and 
low yields. A significant negative correlation was found for yield and percent
age damage by codling moth but not for plum curculio damage. However, the 
estimated amount of fruit damaged by codling moth remained relatively sta
ble over the period, indicating that changes in percentage damage depended 
on yield dynamics rather than changes in codling moth abundance. In con
trast, the amount of fruit damaged by plum curculio showed biennial fluctua
tions and a positive correlation with yield, indicating that the population of 
this pest was capable of responding with increased oviposition in years with 
greater fruit yield. In addition, a comparison of codling moth fruit injury in 
years with and without the use of pheromone mating disruption showed no 
statistically significant reduction in damage as a result of using this method, 
suggesting that the orchard may be too small or codling moth populations too 
high for effective use of this management tactic. 

Codling moth (Cydia pomonella L.) and plum curculio CConotrachelus 
nenuphar Herbst) are among the most important economic pests of apple 
(Malus domestica Borkh.) in the United States (Prokopy and Croft, 1994). 
Codling moth is native to Asia but now occurs in apple-producing regions 
throughout the world. Its damage is caused by larval feeding and is charac
terized by shallow or deep, frass-lined burrows in the fruit. Plum curculio is 
native to eastern North America. Its damage is usually characterized by cre
sent-shaped oviposition scars on the fruit surface, however it also causes 
damage due to larval and adult feeding and premature drop of internally
damaged fruit (Racette et aL, 1992). Actual yield loss due to premature drop 
is not known because its occurrence coincides with the natural fruit abcission 
commonly known as "June drop" (Racette et al., 1992). The oviposition scars 
commonly seen on mature fruit are cosmetic injuries and their presence indi
cates failed larval survival rather than larvae within the fruit. Nevertheless, 
due to the strict cosmetic standards for apples, such surface damage is gener
ally not tolerated by wholesalers, retailers, processors, or consumers. 

1 Department of Agronomy and Range Science, University of California, Davis, CA 
95616. 

2 Department of Entomology, Michigan State University, East Lansing, MI 48824. 
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A fundamental prerequisite for sustainable management of these pests is 
an understanding of the abiotic and biotic factors that influence their abun
dance and regulate their populations. Current management for both of these 
pests rests largely on chemical control, although developments in degree-day 
models, trapping and monitoring, and biological-based control have reduced 
the amount of pesticide applied and the number of applications (Vincent & 
Roy 1992, University of California 1991, Howitt 1993). There is still rela
tively little information in the literature describing the factors that influence 
the abundance of these pests and the damage they cause under conditions 
without pesticide use. This paper reports findings on the relationship be
tween fruit yield and damage by codling moth and plum curculio in a biologi
cally-managed apple orchard. 

MATERIALS AND METHODS 

The experimental orchard block in this study was a 0.5 ha planting, ini
tially consisting of 210 trees, located at the Kellogg Biological Station in 
southwestern Michigan. It was 1 of 3 orchard plantings established 1983 in a 
2 ha area with disease-resistant varieties 'Redfree', 'Priscilla', and 'Liberty' 
on M.26 rootstock. The 3 blocks have been managed without the use of pesti
cides (insecticides, herbicides, and fungicides) since establishment. Practices 
used for reducing insect pest damage have included removal of dropped fruit 
from the orchard in some years, use of red sticky spheres for apple maggot 
(Rhagoletis pomonella Walsh), natural enemy conservation with mulching 
and establishment of flowering plants in the groundcover. In addition, free
range chickens have also been evaluated as predators (Clark & Gage 1996). 
In 1990, 1991, and 1994 pheromone mating disruption (Isomate-C, 1,000 dis
pensers ha-l, Great Lakes IPM, Inc., Vestaburg, MI) was used for codling 
moth management. Groundcover management was accomplished with sev
eral mowings between May and October and with experimental rotational 
grazing of weeder geese (Clark & Gage 1996). The landscape around the or
chard blocks consisted of crop fields planted to corn, wheat, soybean, and al
falfa. No other orchards were located within several kilometers of the site, 
though several unmanaged apples trees were within this range. 

All apples on all trees were harvested and weighed each year from 1988 
to 1995. Dropped apples on the ground were not included in the yield deter
minations for several reasons. The presence of free-range chickens and geese 
presented some risk of fecal contamination to fruit on the ground. In addi
tion, mowing was avoided near harvest time in an effort to prevent knocking 
fruit from the trees; thus vegetation was generally quite tall at harvest, mak
ing fruit collection from the orchard floor difficult and inefficient. At harvest, 
five fruit were arbitrarily selected from each tree for codling moth and plum 
curculio damage assessment. Data from each tree were pooled and used to 
calculate the average yield per tree and the average percentage of fruit dam
aged by the two pests (percent damage). Over the eight-year period, approxi
mately 15% of the trees died as a result of rodent damage, most during the 
winter of 1991-1992. Although new trees were planted in 1994 to replace the 
missing trees, these were not included in the yield determinations. 

The relationship between yield and fruit damage was analyzed graphi
cally and statistically. In addition, the weight of damaged fruit each year was 
estimated based upon the percent damage and the total yield. Pearson corre
lation coefficients were used to assess the relationship between yield and 
percent damage and the estimated weight of damaged fruit. The effect of 
pheromone disruption on codling moth fruit injury was assessed by com par
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ing damage in years with and without this control tactic using a Student's 
t-test. 

RESULTS AND DISCUSSION 

Apple yields over the eight-year period clearly showed biennial bearing 
patterns which are typical of orchards that are not thinned in the heavy-yield
ing years (Fig. 1). Mean yield per tree ranged from a low of2 kg of fruit in 1991 
to a high of 24 kg of fruit in 1992 and 1994 (standard errors ~ 5% of the 
means). Typically, commericial orchardists chemically thin fruit within several 
weeks offull bloom to prevent these kinds of dramatic fluctuations in yield. 
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Figure 1. Mean fruit yield (kg fruit/tree) and the percentage of fruit dam
aged by codling moth and plum curculio from 1988 to 1995. Fruit yield 
means are based on 200 trees and standard errors are ~ 5% of the means. 
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Damage by codling moth and plum curculio was also highly variable over 
the 8-year period (Fig. 1). Codling moth damage ranged from 3 to 63% and 
averaged 33% while plum curculio damage, tending to be somewhat higher, 
ranged from 24 to 83% and averaged 56%. These values are comparable to, 
though somewhat higher than, other studies of unsprayed apple orchards. 
Glass & Lienk (1971) reported codling moth damage to range from 7 to 35% 
and average 18% and plum curculio damage to range from 1%-46% and aver
age 15% in a New York orchard, over a 10-year period following the discon
tinuance of insecticides. In a 2-year study of an organic orchard in British 
Columbia, codling moth damage ranged from 5.6 to 16.4% (Madsen & Mad
sen 1982). And a study by Vincent & Roy (1992) showed plum curculio dam
age in an unsprayed orchard in Quebec to average 48% with a peak at 86% 
over a 13-year period. None of these studies, however, reported if a relation
ship existed between yield and damage. 

In this orchard, the percentage of damaged fruit due to codling moth was 
found to be negatively correlated with fruit yield (r == -0.82, P == 0.01) (Fig. 2). 
In years with low yield, percent damage was relatively high, while in high
yielding years, percent damage was relatively low. This pattern was observed 
between all years except between 1988 and 1989 when both yield and per
cent damage declined (Fig. 1). No such relationship was found for plum cur
culio (r -0.32, P = 0.43) (Fig. 2). The estimated weight of fruit damaged by 
codling moth remained relatively stable over the 8-year period, while that of 
plum curculio showed biennial fluctuations (Fig. 3) and was positively corre
lated with yield (r = 0.80, P = 0.03) (Fig 4). 

The negative correlation between percent damage by codling moth and 
fruit yield and the relatively small degree of year-to-year variability in the 
estimated amount of damaged fruit (Fig. 3) indicate that changes in percent 
damage were due largely to yield dynamics rather than to changes in codling 
moth abundance or activity. By contrast, the amount of fruit damaged by 
plum curculio increased in years with greater yields (Fig. 3, Fig. 4), indicat
ing that this pest was capable of responding to the increased yields with in
creased oviposition activity. 

Although reports on the oviposition rates of codling moth vary consider
ably, ranging from 30 to several hundred per female (Davidson & Lyon 1987, 
Hill 1987, University of California 1991, Howitt 1993), they are generally 
lower than those of plum curculio, which are reported to be 100-500 eggs per 
female (Howitt 1993), and considered to be relatively low for an insect pest 
(Begon et al. 1990, p. 552). This provides a possible explanation for the differ
ing patterns in codling moth and plum curculio damage. Low percent damage 
by codling moth in high yield years may have been due to a combination of 
the alternating years of high and low yields and the relative slow growth of 
codling moth populations. Thus, the biennial yield cycling may have sup
pressed codling moth abundance in high-yielding years by limiting popula
tion growth with low fruit availability in the low-yielding years. The percent
age of fruit damaged by plum curculio showed no such relationship to yield. 
Instead, the absolute amount of damaged fruit increased in high-yielding 
years apparently because of this pest's inherent ability for more rapid popu
lation growth. 

Codling moth damage during the 8-year period averaged 26% in years 
with pheromone disruption and 37% in other years. This difference, however, 
was not statistically significant (P == 0.60). We view this comparison with cau
tion as it was not a replicated experiment but rather a case study. The lack of 
a significant reduction in codling moth damage may have simply been due to 
the orchard being too small or because the resident population was too large 
prior to the use of disruption. Furthermore the population size in one season 
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Figure 2. Correlation between fruit yield and percent damage by (A) 
codling moth and (B) plum curculio over the 8-year period, 1988-1995. 

undoubtedly influenced those of following seasons, leading to complex inter
actions and confounding effects. 

Codling moth mating disruption with pheromones has been tested in 
North America in recent years as an alternative to chemical insecticides and 
the results have been mixed (Pfeiffer et al. 1993, Bentley et aL 1994, Trimble 
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Figure 3. Estimated weight of fruit damaged by codling moth and plum 
curculio based upon the percent fruit damage and the total yield, 1988-1995. 

1995). Pfeiffer et al. reported that pheromone mating disruption in Virginia 
orchards can reduce codling moth damage; however, under high pest pres
sure, damage levels can still be unacceptable for many commercial growers. 
Similarly, Trimble found pheromone disruption to be ineffective at prevent
ing codling moth damage on two organic orchards in Ontario and suggested 
that there may be a relationship between crop load and infestation levels. 
Our study is consistent with this suggestion and offers no statistical evidence 
that pheromone disruption reduces codling moth damage. 

In summary, yield and fruit damage patterns over the eight-year period 
indicate that codling moth and plum curculio populations in this orchard were 
affected by yield. Codling moth damage levels suggest that the population of 
this pest remained relatively stable from year to year, a pattern to be expected 
of a K-selected species (Begon et al. 1990). Although many factors may influ
ence codling moth abundance, including weather and natural enemies (Leius 
1967, MacLellan 1977, Subinprasert 1987, Riddick & Mills 1994), damage lev
els in this orchard suggest a limitation by the availability of fruit in low-yield
ing years, resulting in relatively little damage in high-yielding years. Percent 
damage by plum curculio showed no relationship to yield, however, it was es
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Figure 4. Correlation between fruit yield and damaged fruit (kg of fruit) by 
(A) codling moth and (B) plum curculio over the 8-year period, 1988-1995. 

timated that there was a signficantly greater amount of damaged fruit in 
years with higher yields, indicating that this pest's population is capable of re
sponding to increased fruit abundance in the high-yielding years. Finally, a 
comparison of codling moth damage in years with and without pheromone dis
ruption indicated that this pest management method did not result in a de
tectable reduction in fruit damage, possibly because the orchard was too small 
or codling moth populations were too high. 
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NEW RECORDS FOR EUHRYCHIOPSIS LECONTEI (COLEOPTERA: 

CURCULIONIDAEj AND THEIR DENSITIES IN WISCONSIN LAKES 


Laura L. Jester1, Michael A. Bozek1, Sallie P. Sheldon2 and Daniel R. Helsei3 

ABSTRACT 

The native aquatic weevil, Euhrychiopsis lecontei is currently being re
searched as a potential biological control for the exotic aquatic macrophyte 
Eurasian watermilfoil (Myriophyllum spicatum), yet little is known about its 
specific distribution in North America. In this study, E. lecontei was collected 
in 25 of 27 lakes surveyed for the weevil in Wisconsin, greatly increasing the 
known distribution of the species in this state. E. lecontei densities evaluated 
in 14 Wisconsin lakes ranged from <0.01 to 1.91 weevils per apical stem of 
milfoil. These new records indicate that E. lecontei is widespread throughout 
Wisconsin and is associated with natural declines of M. spicatum in some 
lakes. Additional sampling for E. lecontei and research on its ecology and life 
history are needed to understand the role of this organism in aquatic ecosys
tems. 

Recent interest in using the aquatic weevil, Euhrychiopsis lecontei Dietz 
(= Eubrychiopsis lecontei) as a potential biological control for the exotic 
aquatic macrophyte Eurasian watermilfoil (Myriophyllum spicatum L.) has 
increased the need for a better understanding of the weevil's geographical 
distribution and abundance, life history requirements, and ecological niche. 
This herbivorous weevil, known to feed and reproduce on various species in 
the genus Myriophyllum, has been shown to significantly reduce the stand
ing biomass of M. spicatum by removing vascular tissue, causing a loss of 
stem buoyancy, and by destroying apical growing tips (Creed et al. 1992, 
Creed and Sheldon 1993, 1995, Sheldon and Creed 1995, Newman et al. 
1996). E. lecontei has been associated with episodic declines of M. spicatum 
in some lakes in Wisconsin, Illinois and Vermont (Creed and Sheldon 1991, 
Kirschner 1995, Lillie and Helsel 1997). 

E. lecontei is native to North America and is thought to be widespread 
across the northern United States and Canada, with its general distribution 
documented in Wisconsin, Illinois, Iowa, Minnesota, Washington, Michigan, 
Connecticut, Massachusetts, New York, Vermont, Alberta, British Columbia, 

lWisconsin Cooperative Fishery Research Unit4, College of Natural Resources, 
University of Wisconsin-Stevens Point, Stevens Point, WI 54481. 

2Department of Biological Sciences, Kent State University, Kent, OH 44242. 
3Wisconsin Department of Natural Resources, PO Box 12436, Milwaukee, WI 

53212. 
4U.S. Geological Survey, Wisconsin Department of Natural Resources and Univer

sity of Wisconsin -Stevens Point cooperating. 
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and Saskatchewan (Newman and Maher 1995, Sheldon 1996). However, 
there has been little work specific to its detailed distribution. In Wisconsin, it 
has previously been reported in four lakes: Bierbrauer Pond in St. Croix 
County, Lake Wingra and Fish Lake in Dane County, and Devil's Lake in 
Sauk County (Lillie 1991, Newman and Maher 1995, Lillie and Helsel 1997). 

Further research on E. lecontei is being conducted in Wisconsin in order 
to better document the geographic distribution of E. lecontei in the state, as
sess limnological and geographical characteristics associated with its abun
dance, and evaluate the effectiveness of stocking E. lecontei as a practical 
management tool for M. spicatum control. In this paper we report new 
records ofE. lecontei in Wisconsin and identifY densities ofE. lecontei from a 
subset of those lakes. 

METHODS 

The presence of E. lecontei was assessed using three methods in 25 Wis
consin lakes containing M. spicatum during the summer of 1996. First, we 
surveyed 12 lakes to assess presence ofE. lecontei by snorkeling and visually 
searching for E. lecontei adults. During these surveys, evidence ofE. lecontei 
herbivory aided in the search for actual specimens by helping to identify 
areas to search more intensively. Second, in three additional lakes, E. lecon
tei was collected during macrophyte sampling used to assess density of E. 
lecontei (described later). Third, E. lecontei was collected in 10 other lakes by 
Wisconsin Department of Natural Resources personnel inspecting M. spica
tum from boats or while snorkeling. Adult E. lecontei specimens were pre
served and maintained as voucher specimens for each lake except Little Falls 
Lake, Mason Lake, and Parker Lake where adult specimens were not col
lected; only larvae from these lakes were collected and kept as voucher speci
mens. All specimens are housed in the Museum of Natural History at the 
University of Wisconsin - Stevens Point. 

The density of E. lecontei was evaluated in 14 Wisconsin lakes between 
mid-July and mid-August 1996. In each lake, four M. spicatum beds that had 
not been harvested or treated with herbicides were chosen for density sam
pling. Areas with harvesting or herbicide use may not represent background 
levels of E. lecontei because these treatments directly affect the upper por
tions of the stems where the weevils are known to reside (Sheldon 1997). The 
distance between the four macrophyte beds was maximized to provide an es
timate of weevil density for the entire lake. A total of 120 apical stems of M. 
spicatum was collected from each lake (4 beds x 3 transectslbed x 5 sampling 
pointsltransect x 2 stems/sampling point). Within each M. spicatum bed, 
three equidistant transects (relative to the macrophyte bed width) were sam
pled. Transects were placed perpendicular from the deep edge of the bed in 
toward shore (I.e. toward the shallow edge of the bed). If M. spicatum domi
nated the entire lake, then transects were placed from the center of the lake 
to shore. Along each transect, two stems from five, equidistant points were 
sampled. At each sampling point, the top -50 em of the first two stems of M. 
spicatum touching the snorkeler's hand beneath the surface were collected. 
Because only the top 50 cm of stem was collected, these are referred to as 
apical stems herein. Each sample was placed in a labeled bag and kept on ice 
until the stems could be processed. Any samples that could not be processed 
within seven days of collection were preserved in 70% ethyl alcohoL To mini
mize seasonal influences on abundance, southern lakes were sampled first 
followed by central lakes and finally northern lakes. 

In the laboratory, the stems were inspected for occurrence of E. lecontei 
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eggs, larvae, pupae, and adults and for damage by the weevils. All apical tips 
and portions of stems with damage were inspected with a dissecting micro
scope between lOx and 20x power. Stems damaged by herbivory were sliced 
open length-wise with a razor blade and larvae and pupae were extracted 
(Creed and Sheldon 1995). The number of weevils of each life stage (egg, 
larva, pupa, adult) on each stem was recorded and all were preserved. Abun
dance was recorded as the number of E. lecontei (all life stages combined) per 
apical stem of M. spicatum.

Differences in weevil density were tested with a One-Way Analysis of 
Variance and 'fukey multiple-comparison test at P ~ 0.05. Two lakes (Lower 
Spring and Eagle) were plotted but not tested because weevil densities were 
evaluated as weevils per two stems resulting in different variance estimates. 

RESULTS 

E. lecontei was widely distributed across Wisconsin in lakes containing 
Eurasian watermilfoil (Fig. 1,Table 1). E. lecontei was found in 25 lakes 
where it had not previously been recorded, and it was found in nearly every 
lake sampled. In lakes surveyed for weevil densities, E. lecontei larvae and 
eggs were found to be more abundant than adults or pupae. However, in 
eight of the 14 lakes all life stages were collected during density sampling. E. 
lecontei was not collected from only two lakes that were sampled, Silver Lake 
in Waupaca County, and Kangaroo Lake in Door County. In addition to its 
absence in these lakes, there was also no evidence of damage to M. spicatum
that is typical of E. lecontei herbivory. 

E. lecontei density varied among lakes throughout the state ranging from 
a mean of <0.01 to 1.91 weevils per apical stem (Fig. 2). Based on the data, 
there appears to be two distinct levels of weevil density in these lakes. One 
set of lakes had densities that were not significantly different from each 
other, ranging from <0,01 to 0.33 weevils per apical stem, while the other set 
oflakes had densities ranging from 1.01 to 1.91 weevils per apical stem. 

DISCUSSION 

Although E. lecontei is native to North America, its detailed distribution 
has not been well studied. Previous to this study it was known only in four 
Wisconsin lakes: Bierbrauer Pond in St. Croix County, Lake Wingra and Fish 
Lake in Dane County, and Devil's Lake in Sauk County (Lillie 1991, New
man and Maher 1995, Lillie and Helsel 1997). Our surveys, the most compre
hensive to date in Wisconsin, and those of others show E. lecontei is geo
graphically widespread throughout Wisconsin as twenty-nine lakes from 
southern, central, and northern parts of the state harbor the weevil. More 
importantly, most lakes that were surveyed in this study actually contained 
the weevil and therefore we suspect that E. lecontei is widespread across 
most Wisconsin lakes containing M. spicatum. In lakes where it was not 
found, we suspect that it might still occur but at low abundances, making it 
difficult to detect in our sampling. 

The natural break that we found in E. lecontei densities between 0.33 
and 1.01 weevils per apical stem is interesting and may have ecological sig
nificance. Perhaps certain environmental conditions, such as lake character
istics or milfoil abundance or architecture, must exist before weevil popula
tions can increase to densities high enough to cause a significant decline in 
M. spicatum. Alternatively, perhaps the numbers relate to population dy
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o Previous locations of E. lecontei 

• New records of E. leconlei 

Figure 1. Known distribution ofE. lecontei in Wisconsin. Previous locations 
referenced in Lillie (1991), Newman and Maher (1995), Lillie and Helsel 
(1997). 

namics of the organism. Additional analysis of E. lecontei densities and their 
associations with environmental conditions may reveal factors that limit 
weevil population growth and help explain this discontinuity in densities. 

Sheldon and O'Bryan (1996) report that adult E. lecontei reside outside 
the stems, moving among plants as they eat and reproduce. They are usually 
found in the top meter of mUfoU stems and lay eggs on the leaves of the ap
cial tips of the plant. The hatching larvae burrow into the apical meristems 
and subsequent instars burrow further down inside the milfoil stems, con
suming vascular tissues. Larvae sometimes burrow to the outside of a stem 
and crawl along it until burrowing back into the stem on the same plant, or 
they may crawl onto the stems of adjacent plants (Sheldon and O'Bryan 
1996). The consumption of the vascular tissues by the larvae damages the 



Table 1. New records ofEuhrychiopsi.~ lecontei in Wisconsin. 
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-0AREA DATE OF 'J 

LAKE NAME COUNTY LOCATION (acres) COLLECTION 

BeaverDam Barron T35N R13W Sees. 5,6,7,8; 1,112 12 June 1996 
T35N R14W Sec. 1 

Big Cedar Lake Washington TION R19E Sec. 5; 932 25 June 1996 
TllN R19E Sees. 20,20,30,31,32 

Big Sand Lake Vilas T41N R12E Sees. 2,3,4,9; 1,408 25 June 1996 
T42 R12E Sees. 34,35 

Camp Lake 
Crooked Lake 
Eagle Lake 
George Lake 
Gilbert Lake 
Kusel Lake 
Little Falls Lake 
Long Trade Lake 
Lorraine Lake 

Kenosha 
Waukesha 
Racine 
Kenosha 
Waushara 
Waushara 
St. Croix 
Polk 
Walworth 

TIN R20E Sees. 20,21,28,29 
T7N R17E Sec. 23 
T3N R20E Sees. 21,22,27,28 
TIN R21E Sees. 20,29 
T20N RIlE Sees. 10,11,14,15 
T20N RIlE Sees. 26,27,34,35 
T29N R19W Sees. 4,8,9 
T36N R18W Sec. 49 
T3N R15E Sec. 29 

461 
58 

520 
59 

141 
79 

172 
153 
133 

02 August 1996 
17 September 1996 
06 June 1996 
02 August 1996 
10 June 1996 
10 June 1996 
14 August 1996 
06 August 1996 
06 June 1996 

-I:::r: 
m 

Gl 
;;0 

E 
>7'\ 
m 
(.f) 

m 
Lower Spring Lake 
Manson Lake 

Jefferson 
Oneida 

T5N R16E Sees. 22,23 
T36N R7E Sees. 32,33 

104 
236 

06 June 1996 
25 June 1996 

Z 

0 
Mason Lake 

Mukwonago Pond 
Nancy Lake 
NorthLake 

Adams 

Waukesha 
Washburn 
Waukesha 

T13N R7E Sees. 25, 26, 35, 36; 
T13N R8E Sees. 30, 31 
T5N R18E Sec. 29 
T42N RI3W Sees. 27,28,33 
T8N RI8E Secs. 16,17,20,21 

855 

16 
500 
437 

13 August 1996 

18 June 1996 
12 June 1996 
14 August 1996 

3: 
0 
6 
Gl en 
-I 

Paddock Lake Kenosha TIN R20E See. 2 112 02 August 1996 
Pearl Lake Waushara T19N R12E See. 30 92 10 June 1996 
Pike Lake Washington TI0N R18E Sees. 22,23,26,27 522 12 August 1996 
RockLake Jefferson T7N R13E Sees. 2,10,11,14,15 1,371 13 August 1996 
Whitewater Lake Walworth T3N R15E Sec. 3; 640 06 June 1996 

T4N R15E Sees. 25, 26, 27, 34, 35 
Wind Lake Racine T4N R20E Secs. 3,4,8,9,10,16,17 936 29 July 1996 
WolfLake Racine T2N R20E Sees. 15, 22 115 8 August 1996 

'J w 



174 THE GREAT LAKES ENTOMOLOGIST Vol. 30, No.4 

r---------.--.~..----------------_., 
2.5 

2.0 

j 1.5 

J 1.0 

-

j 0.5 

uJ 
0.0 

: 

~ ........ ;.- .. ---t .. · .. --- ....................... t.. •• .. _.. _... _... "......... _... 0 ................... _0_ ...................................... 00"" 

, 'I' i I 

",. ~ ~ ........... ~. ~ .. -l.. * .... -: .... ~ ...... ·t .... ·.......... ~ .................. "..................... ~ a .............. ~~ ............ ~"" ..
o. o. 

.............. -•••...•... -!......... ................................ " ...... ---_ ..• -..... -.....•. -~-

·······..··························.. .. .. 1······,..·...................................~·· ·~·· 

. ' : ! '+ ' 
! ,. 

n Q 

Figure 2. Density of E. lecontei in Wisconsin lakes, all weevil1ife stages 

combined. Values indicate the mean density of E. lecontei per apical stem ± 

95% confidence intervals. Lakes with the same letter are not significantly 

different from each other based on a One Way ANOVA and Tukey Multiple 

Comparisons Test (P S; .05). 

*Lower Spring and Eagle Lakes are not included in the analyses due to dif

ferent sampling method. 


milfoil plants. Stem buoyancy is compromised, nutrients and carbohydrates 

can no longer move between the roots and shoots, and the overall standing 

biomass of the milfoil is significantly decreased by weevil infestation (Creed 

et al. 1992, Creed and Sheldon 1993, 1995, Sheldon and Creed 1995, New

man et al. 1996). Pupation also occurs in the stem, usually at or greater than 

50 cm from the top of the plant (Sheldon and O'Bryan 1996). The data col

lected through our density surveys agree with this previous research. Eggs 

were always observed in the apical tips of the plant and larvae and pupae 

were found in the stems. Larvae were occasionally found heading into the 

meristem after hatching or into larger stems from the outside. Our surveys 

also indicate that eggs and larvae are more abundant than adults and pupae. 

The observation of fewer adults is intuitive due to the population dynamics of 

insects. The lower number of pupae recorded may be related to the collection 

of only 50 cm of the milfoil stem, as they may be found lower in the plant. 

Three generations per summer have been documented in Vermont (Sheldon 

and O'Bryan 1996) and because Wisconsin is at a similar latitude, it is ex

pected that three generations per summer may occur here. 


This species of weevil is of particular interest because the effects of its 
herbivory on Myriophyllum spicatum make it a plausible candidate for bio
logical control of this exotic. Localized declines of M. spicatum were apparent 
in some of the surveyed lakes, particularly in lakes where E. lecontei densi
ties were greater than 1.0 weevil per apical stem. Some whole and partial de
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clines of M. spicatum in lakes have been associated with high E. lecontei 
abundance <Browington Pond in Vermont, Fish Lake in Wisconsin and Mc
Collum Lake in Illinois) (Creed and Sheldon 1991, Kirschner 1995, Lillie and 
Helsel 1997). As a management tool, it is possible that augmenting E. lecon
tei populations would speed up processes that would occur naturally in a nor
mal predator-prey relationship and thus more quickly cause a decline in M. 
spicatum. More research in this area needs to be evaluated. 

Currently, M. spicatum is controlled mostly by chemical herbicides and 
mechanical harvesters. However, these methods provide only short-term re
ductions in biomass (Aiken et al. 1979, Smith and Barko 1990, Bode et al. 
1993) and can harm non-target plants and animals (Engel 1990). Research 
conducted on E. lecontei shows that it has a high specifity for M. spicatum 
(Solarz and Newman 1996) and that impacts to native aquatic plants are not 
significant (Sheldon and Creed 1995, Creed and Sheldon 1993). The wide
spread distribution of E. lecontei encourages further research into assessing 
the potential of using this species as a biological control. The use of a native 
insect to control an exotic plant is a novel approach. Understanding how 
these organisms interact with M. spicatum, why they have an affinity with 
M. spicatum, and how they affect aquatic systems where they are found will 
elucidate the potential for this organism to serve as a biological control 
agent. It is unlikely that elimination of M. spicatum will occur in these sys
tems. However, even a partial decline in M. spicatum through more environ
mentally-sound methods than current control techniques would allow re-es
tablishment of native macrophyte communities and help achieve greater 
biodiversity. Clearly, more information is needed to better understand the 
role of this organism in aquatic ecosystems. Key to that understanding is 
more detailed information on its distribution, abundance, life history require
ments and influence on M. spicatum and native plant communities. 
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FEASIBILITY OF USING CRYOSTORED COLORADO POTATO BEETLE 
(COLEOPTERA: CHRYSOMELIDAEl EGGS FOR REARING EDOVUM 

PUTTLERI (HYMENOPTERA: EULOPHIDAEl 

R.F.W. Schroderl 

ABSTRACT 

Cryostored eggs of Colorado potato beetle, Leptinotarsa decemlineata 
(Say) eggs were suitable hosts for Edovum puttleri. Parasitism rates were 
low, however this study was first to show that rearing the parasite on eggs 
stored at ultra low temperatures (_70 0 C) is feasible. This method of storage 
will facilitate mass production of E. puttleri as well as prevent loss of the 
parasite in the event of a crash in the Colorado potato beetle colony. 

The potential of Edovum puttleri (EP) as a biocontrol agent of the Col
orado potato beetle (CPB) and its utilization in IPM programs on potatoes 
and eggplant were demonstrated by Schroder and Athanas (1989) and 
Lashomb et at (1987), respectively. The limiting factors for implementing EP 
release program on a broad scale are the inability to provide adequate num
bers on demand, the expense of mass production of CPB eggs. There are 
presently no effective artificial diets for rearing the CPB, and the costs of 
providing healthy potato foliage is expensive. If a method could be developed 
to store and recall host eggs on demand, egg production facilities could be 
continuously and efficiently operated at specific levels. A stockpile of eggs 
could be created and used to mass produce EP on demand. The quantities 
produced could far exceed seasonal production capabilities. Therefore, the 
cost of production may be significantly reduced as well as make the entire 
biocontrol program cost effective. 

Cryogenic storage is a possible means of stockpiling CPB eggs. For the 
purpose of this study, cryostorage is the storage of Colorado potato beetle 
eggs at ultra low temperatures. Morrison (pers. comm.) showed the cryostor
age of Sitotroga cerealella (Olivier) eggs were acceptable hosts for Tri
chogramma pretiosum Riley parasites. Fedde et aI. (1979) chilled host eggs to 
keep them in a susceptable state for the egg parasite Telenomus alsophilae 
Vierck. Drooz and Solomon (1980) reared the encyrtid egg parasite Ooencyr
tus ennomophagus Yoshimoto on eggs of Clostera inclusa (Hubner) kept 
below freezing. Lopez et al. (1987)showed that previously frozen S. cerealella 
eggs are suitable hosts for rearing the predator Geocons punctipes. Maini 
and Nicoli (1990) observed that it was possible for EP to parasitize and de
velop in CPB eggs stored at 18° C for 1-7 days. The purpose of our study was 
to show the feasibility of using cryostored Colorado potato beetle eggs as a 
host for rearing EP. 

1 USDA, ARS, Insect Biocontrol Laboratory, Plant Sciences Institute, Bldg 306, Rm 
305, BARe-East, Beltsville, MD 20705. 
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MATERIALS AND METHODS 

Colorado potato beetle eggs used in these studies were obtained from the 
colony maintained in the laboratory. Eggs used in the individual tests ranged 
in age from 24 to 96 h old. Eggs at a given age were collected and the remain
ing foliage attached to the egg mass was trimmed to the edge of the mass. 
Three to four egg masses were then glued with Elmer's® glue on a filter 
paper tab or strip. 'I\vo tabs were placed back to back and suspended (by the 
configuration of the vial) in the center of 1.8 m1 NUNC star foot cryotube 
vials which were placed in NUNC cryostore canes and preconditioned in a re
frigerator at 5° C or placed directly in liquid nitrogen (_70" C). After precon
ditioning, the eggs were placed in a liquid nitrogen cylinder. Following a des
ignated time in liquid nitrogen the vials were removed and allowed to reach 
room temperature (20° C). The egg mass tabs/strips were then removed from 
the vials and placed on filter paper in a petri dish and exposed to EP. A con
trol was set up for each test using 0-24 h or 24-72 h old eggs and exposing 
them in a parasite stinging jar for 24 h. The lids of petri dishes containing 
the cyrostored eggs were removed and placed in a 1 gal clear glass wide
mouth jar containing approximately 50 EP (1m: 1f). The open end of the jar 
was closed with a cotton sleeve to prevent escape of the parasites. The eggs 
were exposed to the parasites for a prescribed time in a growth chamber set 
at 20° C., 60 % RH and 16L : 8D photoperiod. The dishes containing the con
trol and cryogenic eggs were removed and held in the same growth chamber 
for hatching of CPB larvae and emergence of parasites. The number of eggs 
in each test varied according to the availability of eggs harvested from the 
laboratory colony. The mean % parasitism, % hatch ofCPB larvae and % par
asitism in the control were determined for these data. 

RESULTS AND DISCUSSION 

Tests 1 to 9 include a wide range of: preconditioning times from 0 to 144 
hours; cryostorage from 11 to 26 days; parasite ages from 3 to 42 days; para
site exposure times from 20-120 hours and number eggs exposed (Table 1). 
The resulting percent parasitism expressed in the various tests ranged from 
5.8 to 17.8%. In one of the cryovials in Test 9, 30.0% of the eggs exposed to EP 
were parasitized. Although low parasitism rates were obtained compared to 
the parasitism rate in the controls we were encouraged by the results, since 
prior to these studies no Colorado potato beetle eggs were reportedly placed in 
cryostorage for use in rearing E. puttleri or any other parasites or predators. 

This was a study to determine the feasibility of using cryostored eggs for 
rearing E. puttleri, therefore no detailed biological studies were conducted to 
determine sex ratios and fecundity of the parasites produced from cryostored 
eggs. However this study is the first to show that cryostorage/storage at very 
low temperatures of Colorado potato beetle eggs for use in rearing the para
site is feasible. 

Much additional work is required to fully understand the optimal precon
ditioning temperature/time, cryostoragel conventional freezer storage time 
and what effect all these variables have on the sex ratio and fecundity of the 
emerging adult parasites. 
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Table 1. Differences in % parasitism of cryostored Colorado potato beetle eggs by Edovllm puttleri. 

Parasitoid % Parnsitism 

Test # 
Treated 

eggs2 
Conditioning 

to,e (hrs)b 
Cryo time 

(days) 
Parasitoid age 

(days) 
exposure 

(hrs) 
Untreated 

eggs" 
of untreated 

eggs 
% Control 
parasitism -l::r: 

1 225 0 15 4-12 72 197 5.8 53.0 
m 
Q 

"'"2 358 4 12 6-19 46 71 6.1 69.0 m 

~ 
3 691 8 11 4-7 65 22 7.2 72.1 s;: 
4 176 144 19 16-40 20 138 7.4 75.4 

?';; 
m 
<n 

5 649 24 26 23 21 94 8.3 30.0 
m 
Z 

6 

7 

8 

501 

637 

162 

24 

24 

96 

12 

11 

21 

6-19 

3 

18-42 

46 

24 

96 

61 

26 

19 

9.0 

9.4 

10.5 

54.0 

53.3 

73.0 

-l 
0 
3: 
0 
5 
Q 
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ENALLAGMA BAS/DENS (ODONATA: COENAGRIONIDAE) 

EXPANDS ITS RANGE INTO MICHIGAN 


Mark F. O'Brien 1 

ABSTRACT 

Enallagma basidens Calvert, a small bluet damselfly, has been expand
ing its range across North America since the early part of this century. It is 
now recorded from two widely-separated localities in the lower peninsula of 
Michigan. 

Enallagma basidens Calvert is a small bluet damselfly which has been 
documented as expanding its range into the Great Lakes region and into 
northeastern North America (Cannings 1989, Westfall and May 1996). It was 
not previously listed from Michigan, (Kormondy 1958, 1962; Montgomery 
1967), and the following records represent the first known localities for this 
species in Michigan. All specimens listed below are deposited in the Univ. of 
Michigan Museum of Zoology. 

LENAWEE CO.: [near Tecumseh, "Ives Road Fen"] Twp. 6S, Rge. 4E, Sec. 
3, 10 & 15., 1 July 1993 (20, 1 <?), [coIL by MI-TNC] (specimens bear the fol
lowing Michigan Odonata Survey Catalog numbers:MOS#0006006, 
#0006187, #0006530); 9 Aug. 1993, 1<? [MI-TNC] (MOS#0006944); 1 July 
1997, 1:3, (MOS#0010953), 1 <? (MOS#0010755) (in tandem) Field no. 
MIF0970701-1, 2, Keith Summerville, colI. 

TUSCOLA CO.: Caro, River Park, near small pond, Twp.12N, Rge. 9E, 
Sec. 10.25 Aug. 1997, M. F. O'Brien coIl., 1 (MOS#0025290). 

This small (21-28 mm) Enallagma is quite distinctive, as the black 
humeral stripe on the thorax is divided for nearly the entire length, and this 
feature can be easily seen with a hand lens (Figure 1). Although this species 
is reputed to be a weak flier (Westfall and May 1996), it is apparently ex
tending its range fairly rapidly (Cannings 1989). Enallagma basidens was 
recorded from southwestern Ohio as early as 1937, and has since spread 
throughout that state and is quite common (Glotzhober 1995). Its spread 
through Indiana since 1929 (Montgomery 1932) has been documented by the 
efforts of B.B. Montgomery (1932, 1934, 1935, 1937, 1941, 1950, 1953, 1955, 
1966). Cannings (1989) provides a summary of the spread of E. basidens 
across North America. Its presence in Michigan may have gone undetected 
for several years, as the species was reported from southwestern Ontario 
(Pelee Is. and near Windsor) as early as 1985 (Cannings 1989). Populations 
could have spread into Michigan from the south-bordering states, as E. basi
dens was present in Lucas Co., OH since at least 1973 (Glotzhober 1995). It 

lInsect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI 
48109·1079. 
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4mm 
Fig. 1. Lateral view of a male Enallagma basidens thorax, showing the di
vided humeral stripe (anterior end is to the left). 

reached New York as early as 1989 (Donnelly 1992) and is also now found in 
Connecticut (T. W. Donnelly, pers comm.). 

Enallagma basidens is found around ponds (permanent and semi-perma
nent), sheltered backwaters, artificial impoundments and slow stretches of 
streams (Cannings 1989, Westfall and May 1996). Although disturbed 
aquatic habitats seem to be favored, the initial New York locality was a 
rather pristine pond in a terminal moraine in central New York (Donnelly, 
pers. comm.). Fens and seeps are not listed as its habitat. Perhaps this versa
tility has enhanced its spread, since anthropogenic disturbances often result 
in small ponds and temporary pools. The pond at River Park in Caro, MI was 
a relatively shallow pond that was fed from a small drainage area which 
then drained into the Cass River. Associated Zygoptera were Enallagma 
civile (Hagen), E. exsulans (Hagen) (in the nearby Cass R.), Ischnura verti
calis (Say), Argia fumipennis violacea (Hagen), Argia apicalis (Say) (also 
Cass R.) and Calopteryx maculata (Beauv.). 

Further collecting efforts in disturbed areas such as quarry ponds, reser
voirs, drainage ditches, and other artificial impoundments should turn up 
more records of E. basidens in the southern Lower Peninsula of Michigan. 
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INDIANA RECORD FOR ONTHOPHAGUS TAURUS (COLEOPTERA: 

SCARABAEIDAE): NORTHWESTWARD RANGE EXTENSION 


Adrienne E. Smith 1 

The scarab, Onthophagus taurus Schreber, was introduced from Europe, 
although the details of its introduction are unknown (Fincher and Woodruff 
1975). It was first collected in the Florida panhandle in 1971 (Fincher and 
Woodruff 1975); by 1974 its range had extended into Georgia, and by 1980 it 
had reached South and North Carolina (Fincher et al. 1983). Hoebeke and 
Beueke (1997) reported additional distributional records of O. taurus from 
Missouri, New York, Ohio, Pennsylvania, Tennessee, and West Virginia. This 
species also has been released in California, New Jersey, and Texas primarily 
for biological control of dung (Hoebeke and Beucke 1997). 

Eight specimens of Onthophagus taurus were recovered at Wolf Park, 
approximately 5 km from Battle Ground, in Tippecanoe County, Indiana. 
One male and seven females were hand collected in bison dung in a pasture
land habitat on 20 and 26 July 1996. Previously, bovine dung has been suc
cessful in attracting O. taurus (Fincher et al. 1983). This species is easily 
separated from all other Onthophagus species by two long, curved horns on 
the vertex of the major male (Fig. 14 & 15, Hoebeke and Beucke 1997). Fe
males lack horns, and like other female Onthophagus spp., have a trans
verse, elevated clypeofrontal carina (Fig. 17, Hoebeke and Beucke 1997). 
Voucher specimens are held in The Ohio State University Collection of In
sects and Spiders, and The Center for Arthropod Diversity Studies at Michi
gan State University. T. K. Philips confirmed the identification. 

There are no O. taurus in the Department of Entomology Collection at 
Purdue University from Indiana (A. Provonsha, pers. comm.). The present 
new Indiana record extends the known range of this scarab north and west 
into the upper midwestern United States. 
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BOOK REVIEW 

CATERPILLARS OF EASTERN FORESTS. David L. Wagner, Valerie Giles, 
Richard C. Reardon and Michael L. McManus. 1997. USDA Forest Service 
FHTET-96-34, 113 pp., soft cover. 

Over the years, I have lamented the lack of a popular guide to Lepi
doptera larvae. Aside from the classic Golden Guide to Butterflies and Moths 
(R.T. Mitchell and H. S. Zim, 1987. Golden Press, NY, 160 pp.), field guides 
have given scant attention to the larvae, illustrating only a few examples of 
common species. Caterpillars ofEastern Forests is a welcome addition to the 
literature, and provides a long-overdue popular guide. When I received this 
new publication, I found myself flipping through every page and being thor
oughly impressed with the quality photographs and informative text. 

David Wagner and his co-authors have put together a useful, full-color 
guide to the common caterpillars in the forests on the eastern U.S. and 
Canada. Caterpillars ofEastern Forests is the kind of reference that I wish I 
had for all those ''what is it?" questions from the public that I have received 
over the years. Although the publication does not have a taxonomic key, it is 
nonetheless a very good pictorial guide to arboreal larvae. All of the color 
photographs in this publication are of excellent quality, and the text accom
panying the photographs will be very helpful to anyone trying to identify a 
caterpillar or find a food plant for one helshe has found. Of course, a book of 
this size contains mostly macrolepidopterans, and those that are more likely 
to be encountered are shown, as well as some rarely-encountered but inter
esting species, such as the slug caterpillars. 

This publication should be on the shelf of every naturalist, extension of
fice and park office. It not only shows off over 200 species of Lepidoptera lar
vae, but the sections on collecting and rearing are useful introductions that 
will be helpful to beginners and the less-experienced with rearing. 

The only criticism of this publication that I have is the lack of a durable 
cover. If this book had been produced in a format similar to the usual field 
guides, and a durable cover added, then it would be an immediate seller at 
most bookstores. In this day of expensive books and journals, it is refreshing 
to see a publication of this quality and appeal offered to the public at no 
charge. The current format of 8.5 x 11 inches with a fairly soft cover and 
glossy paper will be fine for indoor use, but won't last too long outside. How
ever, the free distribution of this by the USDA Forest Service's Forest Health 
Technology Transfer program is to be commended. The publication is avail
able from the USDA Forest Service, Attn: Richard C. Reardon, 180 Canfield 
Avenue, Morgantown, WV 26505. 

Mark F. O'Brien 
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