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SOME OBSERVATIONS ON INSECTICIDE RESISTANCE1 

Robert F. RuppeF 

ABSTRACT 

A model for development of resistance to an insecticide in an insect population is 
presented. The rate of development of resistance increased with increases in the propor
tion of the breeding population exposed to the insecticide and with increases in the 
survival from exposure to the insecticide. Restricting application of insecticides to an 
"only if needed" basis and, within limits, dosages that assure minimal survival of the 
exposed insects are suggested as means of impeding resistance to insecticides. The huge 
gene pools represented by the large populations of pest species are assumed to maintain 
insecticide resistance as a continuing problem in crop protcction. 

Individual insects vary in their susceptibility to insecticides. This is most clearly seen in 
laboratory tests in which insects selected for uniformity are exposed to different dosages 
of an insecticide. That some insects survive dosages that kill their cohorts is expected in 
these tests and the log-probit curve is well established as descriptive of the relationship of 
dosage-mortality. This curve is an asymmetrical sigmoid with a short lower end, a rapidly 
ascending central portion, and prolonged upper end (Fig. 1). The important part of the 
curve for this discussion is the prolonged upper end that shows that a few individuals, even 
among the relati .....:ly small number of insects used in laboratory trials, can survive dosages 
thal will kill the greal bulk of their companions. 

Field testing of insecticides is done under much more variable conditions than in the 
labora1ory. The insects vary in size, vigor, sex, and even in stage; the exposure of the 
individuals is variable and some may escape exposure entirely; and the results are al"ways 
subject to the specific circumstances (such as weather) at the time. Insecticide, dosage, 
type and time of application, formulation, and other details for practical control are 
selected on their expected reliability in reducing the numbers of insects. The recom
mended dosage would usually place it high on the log-probit curve if it were a laboratory 
test. If accepted. the insecticide may be widely used and enormous numbers of that insect 
",ill be exposed to tha1 insecticide. 

Insect populations are so huge that every possible combination of genes is bound to 
occur. These combinations probably include genotypes that confer some degree of 
immunity to insecticides. or any other control measure, that could be used against that 
insect. A smaller portion of the individuals with these genes will be killed by exposure to 
the insecticide than will those with the susceptible genetic make up. It is the percentage of 
the insects killed that is measured in most control studies even though it is the number that 
survive to cause damage thal should be of concern. Even more importantly it is the 
sun'ivors thal "ill breed succeeding generations. The differential survival of resistant and 
susceptible indhjduals over time can result in a high enough frequency of resistant genes 
that the population can no longer be adequately controlled with the standard application of 
the insecticide. 

The development of resistance through the selective reduction in frequency of the 
susceptible genes is simple in concept. The actual development of a resistant popUlation in 
the field. however, is subject to a multitude of highly specific circumstances. One such 

lJournal Ankle Number 10963 of the Agricultural Experiment Station of Michigan State 
Cniversity. 

:Department of Entomology, Michigan State University, East Lansing, MI 48824. 
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Fig. 1. Percent mortality on dosage of an insecticide for the homozygous susceptible (SS), hybrid, 
(SR), and homozygous resistant (RR) genotypes used in the example. The 8, 10, and 12-unit 
dosages used in the example are shown. 

circumstance, for example, is the continuous, widespread use of a given insecticide that 
depends entirely on the individual choices of the applicators. With all the alternative 
materials available, one must wonder why resistant populations ever occur. Cross 
resistance, resistance to one insecticide conferring some degree of resistance to a second 
(usually, but not always, a related) insecticide, does occur and can facilitate development 
of resistance even when more than one insecticide is used. Resistance can, therefore, 
develop even when several insecticides are used given the proper circumstances, once 
again. 

There are no means of accurately predicting the development of resistance in a given 
field popUlation to a given insecticide. There are some very general parameters that can be 
used to make models of the development of resistance, however, to illustrate their 
importance in resistance. The first of these is the genetics of resistance. Laboratory studies 
have shown that the inheritance of resistance is rarely simple. Simple escapes from actual 
exposure and the accumulation of resistant genes from the cross resistance from past 
applications plus the other special circumstances of all field applications make only gross 
studies of resistance in the field possible. Because of the uncertainties, a single pair of 
alleles, S for susceptible and R for resistant, are used to represent the phenotypic 
responses in the simple model. It is assumed that the alleles affect only resistance and do 
not otherwise affect the insect and that the individuals with different genotypes (SS, RS, 
and RR) will mate randomly. The segregation from random matings is expressed by the 
equation: 

(S + R? = 5S + 2RS + RR 
where 5 susceptible and R resistant genes. 

An important point is that the initial frequency of the resistant gene must be low enough 
to obtain adequate initial control or the insecticide would be discarded in the original 
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screening tests. The proportional numbers of the different genotypes (SS, RS, and RR) in 
the population is determined by the equation: 

proportional number = SS(l - F)2 + RS2F(l - F) + RR f2 
Where F = frequency of the resistant gene, R. For example if F 0.1 

Proportional number=SS(I-0.1)2 + RS 2 X 0.1 (1-0.1) + RR O.F 
0.81 SS + 0.18 RS + 0.01 RR 

The model also assumes a differential survival of the insects that are exposed to the 
insecticide. Note survival, not mortality, is the parameter. The percent-control with a 
given frequency for the resistant gene, F, and with proportional survivals of A, B, and C 
for the SS, RS, and RR geneotypes, respectively, is determined by the equation: 

9i: control 100[1- [A(l F)2 + 2BF(1- F) + Cf2)] 
Where 100 = adjustment for percentage and A, B, C, and F are as noted. For example, if 
A 0.05, B = 0.2, C = 0.5, and F = 0.1: 

9i:control 	= 100[1 [0.05(1 0.1)2 + [2XO.2XO.l(I-0.1)] + (0.5XO.F)lJ 
= 100 [1 [0.04505 + 0.036 + 0.005]] 

91.85 
The differential removal of the Sand R genes by the insecticide changes the frequency 

of the R gene. The new frequency of the R gene, F', among the insects exposed is 
determined by the equation: 

F' = [BF(1- F) + Cf2] ..;- [A(1 - F)2 + 2BF(1 F) + CP] 
If the values for A, B, C and F used in the prior example are used: 
F' (0.018 + 0.005) ..;- (0.045 + 0.036 + 0.005) 

0.2822 
Substituting the changed value, F', of the resistant gene for the original frequency of the 
gene, F, in the equation for percent control given earlier would result in a percent control 
of 85.34 of the next generation, a drop of 6.51 %, if only the surviving insects exposed to 
the insecticide were to breed the next generation. 

All individuals of a breeding population are rarely (if ever) exposed to an insecticide in 
the field. In one way or the other some individuals in the treatment area escape contact 
with the insecticide and some individuals of the breeding population move in from 
untreated areas. Insects restricted to intensively cultivated crops that are sprayed routinely 
with insecticides (such as some fruits and vegetables) will have a large proportion of their 
populations exposed. Insects of more extensively cultivated crops will usually be less 
exposed to insecticides. There are exceptions. The corn rootworms, Diabrotica spp., in 
field corn developed resistance to the chlorinated hydrocarbon insecticides and undoubt
edly still have a large part of their total population exposed to soil insecticides. The 
proportion of the breeding population exposed to the insecticides will affect the frequency 
of the S and R genes in the subsequent generations as their frequencies in the unexposed 
portion will remain unchanged while the frequencies in the exposed portion will be 
altered. The equation for determining the new frequency of the resistant gene, F', 
following the exposure of a proportion, P, of a breeding population is: 

F(l- P) + P[BF(l-F) + Cf2]F' ---~-~ 


(1- P) + P[A(l- F)2 + 2 BF (1- F) + CP] 


where A. B, C, and F' are as noted earlier and P proportion of the breeding 
population exposed to the insecticide. To continue with the example that was used 
previously with the proportion of breeding population set at 90% (P = 0.9) and A 
0.05, B = 0.2. C = 0.5, and F = 0.1: 

0.1 (1-0.9) + 0.9[0.2 x 0.1 (1 0.1) + 0.5 x O.F]F' 
(l 0.9) + 0.9[0.05 (1-0.1)2 + [2 x 0.2 x 0.1 (1- 0.1)] + (0.5 x O.P)] 

0.01 + 0.9 [0.018 + 0.005] 
0.1 + 0.9 [0.0405 + 0.036 + 0.005] 

0.1771 

http:0.9[0.05
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The percent control obtained by an insecticide application is detennined by the 
frequency of the resistance gene and the differential kill of the genotypes. The frequency 
of the resistance gene, }~ was held at 0.1 in all of the computations of the modeL This is 
probably a very high frequency, but was used to reduce the calculations in the model. The 
selective survivals of the genotypes were adjusted to give at least 90% control in the initial 
exposure as a lesser control very probably would not be accepted for use. The proportions 
of each genotype surviving an exposure to different dosages of an insecticide were 
estimated by plotting hypothetical log-pro bit curves with equal slopes for eaeh genotype 
and calculating the percent mortality of each genotype at standard (10 units), low (8 units), 
and high (12 units) dosages. The retransfonned curves of pereent mortality on dosage are 
shown in Figure 1. The proportional survival of each genotype at each dosage were: 

Genotype Low Standard High 

SS 
SR 
RR 

0.060 
0.208 
0.575 

0.023 
0.106 
0.403 

0.009 
0.054 
0.274 

The proportions of the breeding population exposed to the insecticide, P, were set at 
0.7, 0.8, and 0.9 (70, 80, and 90%). These exposures may be unrealistically high for any 
insect, but they were selected as they make the point without unduly prolonging the 
calculations. A control of less than 75% was used as the level at which the popUlation 
would be classed as resistant; I believe that this is a realistic level for suspecting that a 
problem exists. 

The results of the model using the selected parameters are shown in Figure 2. The rate 
of development of resistance increased with each increment in the proportion of the 
breeding population exposed and with each increment in the proportion of survival of the 
exposed insects. The reason for the increased rate of resistance with increased exposure of 
the population is simply that increasing numbers of susceptible individuals were elimi
nated from the progenitors of the subsequent generation by exposure to the inseeticide. 
The reason for the inereased rate of resistance with increased survival is not so obvious. 
The first thought would be that an exposure that results in a high survival should slow 
down resistance by having a large proportion of the susceptibles survive to breed the next 
generation. Indeed, reduced dosages of insecticides that would give increased survivals 
have been recommended as a means of minimizing the risk of development of resistance. 
The differential reduction in gene frequency, however, has its greatest effect on the hybrids 
which have equal numbers of resistant and susceptible genes independent of the frequen
cies of these genes in the total population. This means that a resistant gene survives with 
every susceptible gene that survives in the hybrid population. An extreme example of the 
importance of the survival of the hybrids is shown in Figure 3 where F 0.1, P = 0.5, 
and values of A, B, and C were selected for dominance of S, dominance of R, and no 
dominance: 

Genotype S Dominant No Dominance R Dominant 

SS (A) 0.01 0.01 
SR (B) 0.01 0.5 0.99 
RR(C) 0.99 0.99 0.99 

The model presented is genetically simplified as a single pair of alleles, Sand R, that 
determine susceptibility to an insecticide is assumed. Considering the many uncertainties 
of field applications (reduced exposures, eseapes, and the like), the model is probably very 
realistic in its gross effect and has some implications in explaining risks of developing 
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Fig. 3. Percent mortality of an insect obtained with successive exposures to an insecticide when the 
gene for resistance is dominant (0), the susceptible gene is dominant (6), and neither gene is 
dominant (0). 

resistance, The most unrealistic parts of the model are its assumptions that growers will all 
treat the same year after year and that they will not make adjustments as the controls begin 
to drop. A point not in the model is that increasing dosage, as is often done, when 
resistance is suspected is of marginal value as (see Figure I) the dosage recommended is 
nearly always near the upper end of the log-probit mortality curve. The increased dosage 
will result in a lengthened residue of the insecticide. This could be beneficial (an improved 
control because of the prolongation of residual efficacy, for example) or deliterious 
(excessive residue on the crop or an unwarranted exposure of a second generation of the 
insect to the residue, for examples) depending on the circumstances. Insecticides degrade 
on the logarithm of time. This means that the time of low dosages that allows high survival 
(or causes low mortality, if you prefer) is disproportionally prolonged. Insecticides with 
short residues, at least relative to the generation time of the insect, should, therefore, 
present a lessened risk of resistance. Increasing dosage to suppress the effects of 
resistance could, given the proper circumstances, actually increase the rate of develop
ment of resistance by prolonging the residue. The model definitely shows that sufficient 
dosage should be used to reduce survival of the hybrids. There must be a balance of the 
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need for an effective dosage with the need for minimal residue. The mathematics of the 
differing cun'es for dosage-mortality and for degradation on time may be an absolute limit 
on a<:hieving a satisfactory balance. Each case would be highly specific. 

The original frequency of the resistant gene was held at a constant figure in the model 
1x>th as a convenience and because increased survival with increased frequency of the 
resistant gene ",as assumed. The model was based on changing the frequencies of the 
genes. and " ..e can assume that this has been ongoing since insecticides were first used. 
The result is thar the frequencies of resistant genes have been steadily increasing in insect 
pests. slowly in some and faster in others, over the years. Remember, too, that all 
(l1"'""i,"" in the treated field will be exposed to the insecticide. The gene frequencies of 

non-target species '>'ill be changed right along with those of the targeted pest species, 
~1eans of e:~posing only the target pests to the insecticides would help reduce the changes 
in the other species. The closest that we have to selective applications at present is the use 
of att:ra..."'tallt baits. The physiological pathways of the different insecticides vary, but the 
appearance of cross-resistance (that is, resistance to one compound accelerating resistance 
to a second compound I clearly shows that there are points in common. We can fully 
expect. therefore. an intensification of the problems with resistance over time. We may be 
able to slow do\\n irs de\1:lopment but, considering the variability and huge numbers of 
the insect pests. resistance will always remain a concern. Note that I attribute resistance to 
selection among e.ti.ting genes and see no need of postulating mutants as the source of 
resistance. 

The reduction in the proportion of the breeding population exposed to an insecticide 
appears to be an immediarely feasible means of reducing the risk of resistance. One means 
of reducing e..'qXlSUfe to a single insecticide is by using several different types of 
insecticides in rcxarioo. This assumes, of course, that several types of insecticides are 
prElCtlCal and that resistance to them is not influenced by the same genes. The rotation 
\\ould arithmetically impede the development of resistance by the number of compounds 
used. The effectiveness of the rotation, however, depends on a number of circumstances 
and would be highly specific. The most practical means of reducing exposure is by 
redluc:lfl£1 the applications to those that are actually needed. In its simplest form, checking 
fields the pe5t and applying an insecticide only if it reaches a threatening level, rather 
than appl:ing a blind preventative (or "insurance") application, is all that is required. 
This is IlO( alI that easy as it requires that an efficient means of checking for the insect and 
reliable indices of irs threat must be developed, and that growers must be convinced that 
the system is reliable and thar it is in their interest to accept the praetiee. This "only if 
needed" approach is sound economically and is steadily being more widely accepted. At 
it, most compk~. this reduction of exposure would be the full program of crop protection, 
an "integrated pest management" (but IPM is variously defined) type of program, that 
would minimize the risk of damaging infestations and, thus, reduce the need to use an 
insecticide. Our knowledge is limited even for the simple case, especially so in the area of 
reliably predicting e'ol:ntual losses based on early samples of inseet numbers. Usable 
information is rapidly becoming available, and research (and, to some extent, practice) 
directed ar a"uiding insect problems is well established. I am certain that more satisfactory 
means of ;!-"oiding losses to insects will be implemented in the near future. I am equally 
certain that the huge gene pools of the insects will keep even the best designed programs 
d)narnic. 



109 19S:3 THE GREAT LAKES ENTOMOLOGIST 

MICHIGAN'S COOPERATIVE FOREST PEST MANAGEMENT 

PROGRAM, A TEAM APPROACH TO IMPROVING 


FOREST MANAGEMENT 


Louis F. Wilson,l Daniel G. Mosher, 2 and Gary A. Sinunons3 

ABSTRACT 

A forest management team was organized in the late 1970's by cooperative efforts of 
universities. the ~nchigan Department of Natural Resources, and the USDA 

The goals were to devise new technologies, transfer available technology, 
and service and management alternatives to forest land managers in Michigan. 
The program throughout has emphasized forest management rather than pest management 
for pre...-entioo and control of pests. Dissemination of pest management information has 
been of importanee and new research results have gone directly to land managers 
for IL'<:. The team participates in forest compartmental reviews and helps 

management plans for land parcels, thus providing for preventative pest 
management. Senices and management recommendations are provided mostly through 
forest located in the field. They feed back results and problems to 

extension specialists of the team for further input. Preventive management 
information iL<.ed by local managers in recent years has nearly paid the cost of the 
program. Plans are to broaden the team effort by cooperating with organizations and 
a,.,:nCles in aJ:a...-ent states through a computer network system and by other means . 

..\j"EED FOR A PROGRAM 

~'U'''LL'i"''.u is rich!, endowed with forest resources. Within its boundaries are 18.8 
millivn a..."'l"eS of .:ominercial forest land, and it ranks fifth among states in the amount of 
forest a..1eage. ~lichigan's 3.8 million-acre state forest system is the largest in the nation. 
The p.."'ftioo of \lichigan's forest (54%), however, is owned by farmers and other 
pri...o.te noOn-industrial individuals who collectively hold about 10 million acrcs of the 
commer.:ia! forest JaocL \{ichigan's remaining forests are held by federal and industrial 

:\pproximately 700 forestry professionals manage or assist in managing 
pui:'lie and pri,o.te forest land. 

In past \lichigan has had an excellent forest pest survey and information gathering 
program. p;a;rt:h::u.:arly in the 1950's and 1960's. During this period about 20 people from 
;;eyed ageocies .:LIOpera!.ed to provide land managers with up-to-date pest information. 
But auing the late 196(1', the number of forest pest researchers and information specialists 
in the 5e\-eral public agencies declined substantially. By the early 1970's only eight forest 
iIL'<:cr and dL;.case spe.."ialists were in Michigan, and they were located primarily in 
research unru .. Altlxlugh research pertaining to current pest problems in the state 
continued. J:Ik."St of the resu1t~ from this research were not transmitted to forest managers 
and others ;::on...-emed v.ith prorection and use of the forest resource. Without an effective 
infvrmalioo process the research and information transfer program became 
passi\'! '\Io1th Iitt!e or 00 feedback between researchers and field managers regarding the 
~ foc pest problems. Consequently. new forest managers entered the field work 
for.:e 'iIoith..."Ilt pest management support. and little consideration was given to potential 

TSDA ~ Ser>ice . .scnh Central Forest Experiment Station, East Lansing, MI 48823. 
-.'L"""",l;AL' [lem1'lI1:1oe'!1t of .samra! Resources. East Lansing, MI 48823. 

EnliOlIlOlc,lZ'.'. ~fii::higan State Cniversity, East Lansing, MI 48824. 
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pest problems during regular forest management programs. Some management practices 
even encouraged or promoted rather than prevented pest problems. During this period 
there was a heavy emphasis on reforestation, which because of a high demand to plant 
trees, placed some plantings off site. For example, red and jack pines were planted on sites 
with high risk from Scleroderris canker (Gremmeniella abietina (Lagerberg) Morelet), 
Saratoga spittlebug (Aphrophora saratogensis (Fitch», and eastern gall rust (Cronartium 
qllercuum (Berk.) Miyabe ex. Shirai). Lacking pest management support, some forest 
managers began to adopt the attitude that "perhaps little could be done about most pests, 
so why worry?" This attitude prevailed in the late 1970's when we began to organize a 
new pest management program to help alleviate the pest problems facing Michigan's 
forest land managers. 

THE PROGRAM, STRUCTURE AND FUNCTION 

In 1978, three organizations: Michigan State University, Michigan Department of 
Natural Resources (DNR), and the USDA Forest Service, initially pooled personnel and 
resources to form the Michigan Cooperative Forest Pest Management Application Team. 
The University of Michigan and Michigan Technological University soon joined. The 
purpose of this cooperative effort was to devise new technology, transfer existing 
technology, and provide pest monitoring services and practical management alternatives to 
the forest manager. 

The team has three directors, one from each of the founding organizations (Fig. 1). The 
three organizations represent three disciplines: research, extension, and application. For 
convenience all of the directors are located in the Lansing area. They cooperatively plan 

MICHIGAN COOPERATIVE fOREST PEST MANAGEMENT APPLICATION TEAM 

Fig. 1. Organizational chart of Michigan's Cooperative Forest Pest Management Application Team 
with functions and support staff. 
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programs and coordinate team efforts, and each director doubles as a group leader of 
specific programs within his area of specialization. 

The Research Group Leader and research team members address forest managers' needs 
by studying specific forest pest problems. Other forestry research groups, universities, 
and industries are solicited for cooperative studies and other input into the research 
process. Research goals include developing pest management schemes, developing 
techniques for monitoring. and devising impact models. The research program is 
coordinated by the North Central Forest Experiment Station (USDA Forest Service) and 
the departments of Entomology, Forestry, and Botany and Plant Pathology at Michigan 
State Cniversity (Fig. 2). Group leaders and team members from the University of 
Michigan. ~fichigan Technological University, and other agencies are included in plan
ning research. 

The E"tension Group Leader and extension team members field-test research results 
and communicate information to land managers and pest specialists. Research and 
application team members are an integral part of the extension effort and participate in 
activities such as directing training and writing articles. Information is disseminated 
through \mous media, how-to publications, pest management leaflets, and the Cooper
ative Crop ~lonitoring System (CCMS), a state-wide network that provides up-to-date pest 
and crop condition information for agriculture and forestry. Skills are imparted through 
technology training sessions. The extension program is conducted by the departments of 
Entomology. Botany and Plant Pathology, and Forestry at Michigan State University, and 
the Forest ~langement Division of the Michigan DNR. Extension specialists coordinate 
technolo~' transfer programs with the user groups and other extension agencies, such as 
the Cooperari\t: E-.;:tension Service at Michigan State University and State and Private 
Forestrv. CSDA 'FP~fl. Close contact is maintained with the Extension Service network 
and forest industry. 

The Application 'Group Leader and team members assist land managers in applying pest 
management technolo~'. The group monitors pest populations, rates sites for risk, 

~<?£·..cY NTERACTIONS AND PRIMARY FUNCTIONS FLOWCHART 

[' -- - - - - - - - - 
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Fig. 2. Agency interactions and functions of Michigan's Cooperative Forest Pest Management 
Application Team. 



112 THE GREAT LAKES E'lTOMOLOGIST Vol. 16, No.4 

evaluates the socioeconomic impact of pest problcms, and advises land managers of the 
consequences of pest management options. Recommendations provide practical alter
natives compatible with mUltiple-use concepts. Currently, responsibility for application is 
primarily that of the Forest Pest Management Program in the Forest Mangement Division 
of the Michigan DNR. The forest pest specialists consult with state, private, and industrial 
forest land managers. Research and extension group leaders help apply research; and as 
results, needs, and shortcomings surface, they help to formulate new researeh and 
extension programs. 

DISTINCTIVE FEATURES 

The Michigan Cooperative Forest Pest Management Program is firmly dedicated to 
helping fulfill forest management objectives by providing forest land managers with 
practical pest management information to improve decision making. This goal emphasizes 
forest management rather than pest management. Pest management is a component of 
forest management, not a separate entity that directs forest management aetivities. A 
holistic approach with full knowledge of forest management goals and objectives is 
essential to sueeessfully introduce and implement forest pest management technology. 

Disseminating pest management information is of prime importance in the new 
program. As researeh results are developed, they are reported directly to the forest land 
managers. This approach differs from the tradition of first submitting research information 
to technical journals or presenting it at technical meetings and workshops after which 
nonresearch personnel interpret and transfer the information. It is important to involve 
scientists in application of their research because they are most familiar with it and will 
benefit the most from user reviews. This is the fastest and most effective way to introduce 
new teehnology and receive much needed feedback to guide research goals and objectives. 

Another important feature in the new pest management program ineludes pest manage
ment planning during the DNR forest compartment reviews. The Forest Management 
Division of the Michigan DNR reviews and prescribes management plans for all State 
forest land over a lO-year period, with 10% of the compartments being examined each 
year. Each eompartment averaging about a thousand acres is reviewed by an interdisciplin
ary team consisting of multiple-use forest managers, fisheries biologists, wildlife manag
ers, and forest pest specialists. The pest management team considers this participation a 
major activity in implementing the program. 

The pest management specialist position is an important program feature. Customarily, 
field personnel are hired for pest management programs with specific expertise in either 
entomology or pathology. In Michigan, forest pest specialists must be both fully trained in 
forestry and profieient in forest entomology and pathology. This training lends credibility 
to the pest management specialist, and in turn facilitates information transfer. 

The strongest interageney team effort and commitment is another important feature of 
the program. Cooperation is the universal thread that binds the system. A team can also 
solve problems more efficiently and effectively. 

OBJECTIVES 

Six specific objectives guide the program. 
First objective: bring together expertise from various cooperating organizations. Several 

agencies working together as a team can accomplish more than several agencies working 
independently and this integration ean more quickly link research to extension and 
applieation. 

Second objective: investigate forest pest problems and develop pest management 
strategies. Primary pest problems are chosen for research on the basis of their potential 
socioeconomic impacts. 

Third objective: raise the level of awareness of forest land managers to pest management 
issues and concepts and improve their skills in dealing with them. Training is important in 
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any program. Knowledgeable managers can more readily recognize pest management 
needs and v.ill likely interact more readily with pest specialists. 

Founh objectiw: assist forest land managers in pest monitoring, evaluation, and 
decision-making. Pest specialists need to take part in the forest planning process and be 
able to pa.~s on new survey and control information as developed. 

Fifth objecth~: assist forest land managers in applying pest management strategies to 
deal v.ith spe.:::ific pest management situations. Land managers are usually not aware of all 
pest management alternatives: therefore, the pest specialist is available to provide old and 
new strategies and predict certain socioeconomic consequences. 

SL'\th ob}ective: assess effectiveness of strategies to provide feedback to research and 
extension to adjust or improve pest management strategies and provide better technology 
transfer. 

PROGRAM EVALUATION 

lTaditionaI1y. forest pest management programs report accomplishments and are evalu
ated in terms of readily measurable outputs such as numbers of acres surveyed or numbers 
of acres treated v.ith pesticides. These figures certainly indicate activity, but not neces
sarily effe...-tlveoess. In fact. large control programs may signify a failure to prevent 
economic from pest outbreaks. 

Good management first stresses pest prevention, an approach that reduces the negative 
pest losses and i.nherent shortcomings of reaction or control management. However, it is 
much more difficult to evaluate a program based on the effects of preventive pest 
management than it is to measure direct suppression (i.e., number of acres sprayed). It is 
not easy to calculate the number of pest outbreaks avoided, nor is it easy to measure the 
positi\~ results of bett..."f management decisions. 

One of :\6chigan's pest problems serves very well as a quantitative measure of the 
potential gains of pre"-entive pest management. The Saratoga spittlebug is a major pest of 
plantation red IJIle of the principal timber species that has been used extensively for 
reforestation :\6chigan. This insect requires an alternate host such as sweet-fern 
(Camptollw asplemfa/ia L.) for part of its development. In the past it was all too common 
for sites v.ith abundant :iv.eet-fern to be planted with red pine without planned follow-up 
pest management. 11risled to heavy growth loss, tree deformity, and sometimes the entire 
loss of a plantation. 

Cnder !he n,:v.- pest management program, a comprehensive spittlebug management 
strategy ""as implemented. The first step in the strategy is to risk-rate proposed red pine 
planting sites LO determine the potential for injury. If the site is determined to be low risk, 
planting is done Voith no further spittlebug management. If the site is moderate or high 
risk. three options are open to the land manager. He can (1) not plant red pine, (2) destroy 
the altemare 110:,,1:5. or ~ 3, plant red pine and follow up with insect surveys and controls. 
The choi~ amoog options would depend on the management objectives, costs of planting, 
length of rotation. trees planted per acre, site index, rate of return desired on the 
in\-esonent. and damage potential for the site. 

C sing informarion generated by that management system, we can illustrate the value 
and effecti\-ene5S of spittlebug management. During the IO-year period from 1981-1990, 
\6cbigan's tv.-o Stale nursaies will produce enough red pine to plant 40,000 acres. This is 
sufficient to meet planting needs on state forest land and part of the needs on private land. 
A'.ailabl.e economic analyses"' allow us to determine the best options for tree management 
and calcuI.are a return on the in ....estment. If those trees are to be planted on sites with an 
a\erage inde:t of 60 ft at 50 years and an investment rate of 8%, the best options are to 

"For.1eWls of anaI~'ses and management options see Heyd, R. L. and L. F. Wilson. 1981. Risk
rating red pi:De pi.mtaIions to predict losses from Saratoga spittlebug for management decisions. p. 
93-98 in JI.azard-l"3!ing systems in forest insect pest management: symposium proceedings. USDA 
Forest Sen".• Gen. Tech. Rpt. W0-27. 
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reduce the alternate hosts on high-risk sites and monitor and control as needed on 
moderate-risk sites. These options will give a net present value of $174 per acre more on 
the high-risk sites and $44/acre more on moderate-risk sites compared to a no-action 
option. Experience with risk-rating indicates that about 15% of red pine sites are high risk 
and about 25% are moderate risk. We can derive a potential dollar value for the pest 
management approach for Michigan by the following: 

High-risk sites (.15 x 40,000) = 6,000 acres x $174/acre $1,044,000 
Moderate-risk sites (.25 x 40,000) 10,000 acres x $44/acre $440.000 

Total $1,484,000 

Thus, the projection for the 1981-1990 period could potentially earn $1,484,000 more on 
the investment with spittlebug management than without it. Annually this is $148,000. 
The annual cost of Michigan DNR'g pest management operation is about $140,000, so we 
can see that in this instance alone the value of managing a single pest could pay for the 
entire program. Of course, if we expanded the example to include the value of managing 
spittlebug on the entire red pine acreage in the state, the benefits of forest management 
decisions could be much greater. And these results could increase even more if the benefits 
of applying pest management to other major pests such as white trunk rot of aspen, jack 
pine budworm, or spruce budworm are included. 

LDOKING AHEAD 

At this early stage of its existence, Michigan's Cooperative Forest Pest Mangement 
Program has purposefully remained provincial, but anticipates growth and eventual 
regional involvement with other forestry agencies. In the beginning it was important to 
have the initiating organizations in close contact for efficiency and rapid communication, 
but these organizations are not sacred to program continuity or expansion. As our program 
evolved it has had a constant "going and flowing" and not just a rigid structure of boxes 
and lines that the organizational chart portrays. Eventual development of the program to 
serve all forest land managers in the Lake States or the North Central Region is a desired 
goal. Forest land managers throughout the region need access to pest management 
alternatives and monitoring techniques. Increased cooperation among personnel from 
federal and state agencies, universities, and forest industries is essential if factual, up-to
date information useful to forest managers is to be presented in the shortest possible time. 
In addition, we believe it is essential that future expansions of these programs maintain the 
direct contact between research-extension personnel and field land managers if problems 
are to be rapidly solved. 

As the program grows we need to be constantly aware of new and improved information 
delivery systems. Practical pest management guidelines within easy reach of pest 
specialists and forest managers are in short supply. We need a practical looseleaf manual 
that contains current pest management strategies. It should be one that can be updated as 
new infoID1ation becomes available. Also, we plan to use more electronic information 
gathering, storage, and retrieval systems. Remote access terminals will eventually be 
available to users to identify pests and seek sound pest management schemes. Currently 
this program is tied into the Statewide Cooperative Crop Monitoring System, which is 
designed to assist field personnel in Michigan to collect, coordinate, and summarize pest 
abundance and damage information and then report summaries back to survey personnel 
and decision-makers. Reporting pest information is an essential step in this program, but 
we still need access to stored information so we can immediately deliver survey procedures 
and solve problems as they arise. Such a network of computer terminals can ideally be part 
of a regional program. 
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SMINTHURUS MENCENBERGAE, NEW SPECIES FROM CANADA 

AND MICHIGAN (COLLEMBOLA: SMINTHURIDAE) 


Richard 1. Snider! 

ABSTRACT 

.-\ De'" sre.::ie5. 5minthurus (5minthurus) mencenbergae Snider, IS described from 
Canada and ~li.:higan. 

During the su.rnrner of 1960 I collected a single specimen of what, 23 years later, could 
be confumed as a new species. While sweeping roadside grass in St. Clair County, 
:\li.:h.igan. a colorful specimen of 5minthurus was taken. Repeated sweeps in the area did 
nO{ yield additiooal indi\iduals. The habitat was a dried pond that had grown grassy. It was 
an overcast day. ",ith a temperature of approximately 22°C. In the summer of 1982 a 
student. Lisa. ~lencenberg. enrolled in a class that visited the mountain regions of the 
northwestern l"nited States and Canada. She collected Collembola from tall vegetation . 
. -\mong the s~imens returned to my laboratory was the species I had taken in Michigan 
..,.., year> e.TI"'...ier. 1be purpose of this paper is to describe that new species. 

5minthurus mencenbergae, new species 

COLOR .-\"""1> PAITER~ (female): (Figs. 1-2). Background creamy white. Color 
distriNUeD as polygons. Head with purple dorso·median stripe extending from behind the 
eyep.a1c~ w frons. ending in line with the bases of the antennae; short, irregular patches 
of purple-t'fo-;!."TI !x:lo"," antennal bases. gradually fading into light purple on lower third of 
frons. ",im lZL"unae and dots: genae with median cluster of light purple-brown polygons; 
antennae unifClrnlly purple brown. becoming darker distally. Body with dark purple dorso
rnedia2 strip;: crig:inaring on anterior of abdomen and ending Y2 its length; dark purple 
pa...ra..'1jedial stnp:?5 forming on posterior of abdomen, becoming abruptly lighter at 
midp0int and euending to thoracic segments; lateral oblique, dark purple stripe ending at 
a line "'"1m terminus of mid-dorsalline. irregular patches of purple-brown forming a broad 
conr:nu.mCIIJ. of stripe to thoracic region: abdominal segment V with dark macula 
SUIT0u.ndmg t\1...<.e 0f bodJriochri.'l:. with dark purple dorsally; abdominal segment VI with 
dorsa.: dart: fUIF'le patch. and terminal dark purple patch. Legs light purple, with few 
la.:UIUe and docs. darke5t distally. Furcula light, with light purple-brown distally on 
manubri!:lTI and dens. mucrones darkest. The Michigan specimen (Figs. 3-4) differs from 
Can.nfun in .:olor and markedly defined pattern. Head mid-dorsal stripe is orange, 
blending W oli'oe bn."'90"TI: subocular pattern blackish-olive; oral region orange. Body with a 
broken ct...~")...medial strip;: ending at midpoint of abdomen, anal segments dark olive 
bla.:k. 
HEAD: Eye5 S - S "'ith dark pigment: ocellus D Y2 diameter of A (Fig. 5). Antennal 
seg::rnem ratio 1:2:3:-: .-\..."1 IY with 17 subsegments , lateral apical papilla, sense setae 
and no OOIb. subseg::rnenG with or without fine setulae in the following distribution: I, II 
and ,\,\11 "'ith noDe. ill-2. 1\'-1. \'-Yill-l. VIII-I, IX-X-2, XI-I, XII-XIV-2, XV-I, 
,\,\1-2 I Fig. 6,: .-\..."1 ill with 8 heavy. outstanding setae (Fig. 7), subapical sensillae in 
deep ll!vaginarion. accessory seta short, lanceolate and lying in a shallow depression (Fig . 

. Depmmem of Zoology. :\{ichigan State University, East Lansing, MI 48824. 
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Figs. 1-2. Sminthurus mencenbergae; 1. Habitus, holotype, lateral view; 2. dorsal view. 

Figs. 3-4. Sminthurus mencenbergae; 3. Habitus, Michigan specimen, lateral view; 4. dorsal view. 

8); ANT II with 4 ventral setulae (Fig. 9); ANT I with 3 fine distal setae and 4 dorsal setae 
(Fig. 10). Maxilla with 3 galeal teeth, 4 laciniallamellae (Fig. 11). Interocular cephalic 
setae A-G typical of genus, seta D small, lanceolate and ciliate (Fig. 12); 2 unpaired 
frontal setae. Frons with 2 oval organs near antennal base, 1 close to seta D, other in line 
with seta A, and 3rd located on lower frons in line with 2nd unpaired frontal seta; 3 
posterior oval organs forming right triangle on lower gena. 
FORELEG: coxa with I seta and no oval organ (Fig. 13); trochanter with 3 anterior and 2 
posterior setae (Fig. 14); femur with anterior oval organ, 8-9 anterior and 7-8 posterior 
setae (Fig. 15); anterior surface of tibiotarsus with 1 subapical oval organ, sometimes 
replaced with a seta, AE file with 9 setae, AL file with 8 setae, AI file with 8 setae (Fig. 
16): posterior surface with 4 oval organs near external edge, setae L j , L. and Lo missing, 
tenent hairs acuminate (Fig. 17); pretarsus with anterior and posterior setulae; unguis with 
tunica and serrate anterior and posterior pseudonychia, large inner tooth: ungiculus lacks 
corner tooth, tapering to subapical filament, ca. 1.80 times as long as filament (Fig. 18). 
MESOLEG: coxa with 3 setae and oval organ (Fig. 19); trochanter with 2 oval organs, 
5 anterior and 1 posterior setae (Fig. 20); femur with 12 anterior and 6 posterior setae, 1 
posterior oval organ (Fig. 21); anterior surface of tibiotarsus with 1 subapical oval organ, 
all setal files typical of genus (Fig. 22); posterior surface with 4 oval organs near external 



12 

1983 THE GREAT LAKES ENTOMOLOGIST 117 

--~~ 
~ ,~"\ , ~ 

t 
\/1 

~ -' \ '"\::""\\9" ~~\Y 1'-' 

/ 

~ 
'----' 

,~ 

" 
I 

,- r 
" ,/ -, )"""' -; 

'-" ' 

::: ',,,,,'-" 

'--../' " ,~, ~ ~ c 5 '''",'-' 
~ "~ 

,,~~ 

~--

8 
" / ""'--=-.. 

i "

6 
10 

~" 

" ':-1,; ';,J i 

--- , ::,. 

~ 
~ 

--" " -- " 9 
~ 

----' "
" ~ 

? 

15 

/
_-L_'_ 

// 
fiJIi 

1.1 flI 

13 

j~ 


Fig;; 5-1::. S""i...~ me,..cenbergae: 5, left ocellar patch; 6, antenna! segment IV: 7, antenna! 
5C-~ ill; S, antell.rull segment ill. distal sensillae; 9. antennal segment II; 10. antenna I segment 
L II. mati!la: C. D seta from head: B. foreleg. coxa; 14. foreleg, trochanter; 15. foreleg. femur, 
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21

20 


Figs. 16-24. Sminthurus mencenbergae; 16. foreleg, anterior surface of tibia; 17. foreleg, posterior 
surface of tibia; 18. foreleg, claw; 19. mesoleg, coxa; 20. mesoieg, trochanter; 21. mesoieg, 
femur; 22. mesoleg. anterior surface of tibia; 23. mesoleg, posterior surface of tibia; 24. mesoleg, 
claw. 
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edge. L~ and L missing, otherwise typical of genus (Fig. 23); pretarsus with anterior and 
posterior setulae; unguis with tunica and serrate anterior and posterior pseudonychia, large 
inner tooth. strong outer basaJ tooth; unguiculus with corner tooth (sometimes two), 
lanceolate. ca. 2.30 times as long as filament (Fig. 24). 
METALEG: coxa with 4 setae and oval organ (Fig. 25); trochanter with 5 anterior 
setae. 1 posterior setula. and 2 oval organs (Fig. 26); femur with 12-15 anterior setae. 3 
posterior setae and 2 setulae (Fig. 27); anterior surface of tibiotarsus with 7 E setae, 9 AE, 
AL and AI setae. 1 subapical oval organ (Fig. 28), posterior surface with 4 oval organs 
near external edge. 7 PE. 8 PL, 9 PI setae with Ls missing (Fig. 29). Pretarsus with 
anterior and posterior setulae; uniguis with tunica and anterior and posterior 
pseudonychia. large inner tooth. strong outer basal tooth; unguiculus with 2 corner teeth, 
lanceolate. ca. 5.75 times as long as filament (Fig. 30). 
BODY: Collophore with 1 + 1 subapical setae (Fig. 31); sacs warty. Corpus of ten
aculum with 4 setulae, ramus with 3 teeth (Fig. 32). Manubrium with 8 +8 dorsal setae, 
1-1 ventral (Fig. 33). Dens with 7 Ve and 6 L setae. ID accessory seta absent (Figs. 
34-35) . .\lucro with toothed outer and inner edges, ca. 2.75 times length of its seta (Figs. 
36-37 I. Female circumanal setae Ao-3, P and Q typical of genus; subanal appendage 
acuminate. curved in lateral view, gladiforrn-serrate in ventral view (Figs. 38-39); 
bothriothri..1( D complex typical, P seta ciliated (Fig. 40). Body setae spine-like, serrate 
(Fig. 41l. Length 1.25-2.0 mm. 
DL\G~OSIS: Sminthurus mencenbergae Snider keys out nearest to the banksi-butch
eri:fitchi-packardi complex in Christiansen & Bellinger (1981); of those three species, it 
comes closest to S. banksi using their key characteristics. In Stach (1956) it comes closest 
to S. marginatus and S. echinatus. Sminthurus mencenbergae is easily separated from 
Sminrhurus marginatus Schott and Sminthurus echinatus Stach on the basis of their color 
patterns as well as the female subanal appendages, which in S. mencenbergae are serrate. 
while in the others dissected or palmate. The distinction of two corner teeth on the 
unguiculus. serrate subanal appendate, lateral apical papilla on the fourth antennal 
segment will easily separate S. mencenbergae from Sminthurus banksi Christiansen & 
Bellinger. Sminthurus butcheri Snider, Sminthurus jitehi Folsom and Sminthurus packardi 
Folsom. In a recent paper, a new species was described that superficially resembles S. 
mencenbergae. This species, Sminthurus jischeri Snider (1982), has a color pattern of 
similar configuration. two teeth on the metaunguiculus, and similar leg chaetotaxy. 
Howeyer. the two species can be distinguished as follows: 

S. mencenbergae 
ocelli C and D not subequal 
female subanal appendage 

serrare 
mucro with outer edge smooth 
metatibiotarsus with PI, seta 
collophore without 1 +-I lateral 

setae 
dens with 6 L setae 

S. fischeri 
ocelli subequal 

not serrate 
outer edge toothed or wavey 
PI, seta absent 

with 1+ 1 lateral setae 
with 9 L setae 

It is my pleasure to name this species for Lisa Mencenberg, a student at Michigan State 
Cni\,ersity. who took the time to collect Collembola while on a class expedition. 

TYPES: Holotype (female), allotype (male) and eight paratypes in alcohol; three 
paratypes on slides. Ho!otype, allotype, and paratypes deposited in the Entomology 
~tuseum. ~fiehig:an Stare Universitv. Collection data: Canada, Alberta, Banff National 
Parle Camp Two-Jacks. Eley. 2000 ft, pine forest, grass, 12.7°C, clover-dandelion patch; 
Ca,tIe ~teadows. Ele\,. 4500 ft, 26.6°C, clover meadow, 22 August 1982. British 
Columbia. ~tt. Assiniboine National Park, O'Brian Meadows Camp, Elev. 7200 ft, 
12.7°C. short grass: Elev. 7000-7300 ft, 23.8°C, short grass; Sunburst Valley, 7000 ft, 
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28 

31 
30 

Figs. 25-32. Sminthurus mencenbergae; 25. metaleg, coxa; 26. metaleg, trochanter; 27. metaleg, 
femur; 28. metaleg, anterior surface of tibia; 29. metaieg, posterior surface of tibia; 30. metaleg, 
claw; 31. collophore, posterior view; 32. retinaculum. 
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37 

39 

36 

38 

33-41. Smimhurus mencenbergae; 33. manubrium, posterior view; 34. dens, dorsal view; 35. 
\-enrral \-le.....: 36. mucro, specimen from O'Brian Meadows, British Columbia; 37. mucro, 

spe..'i.men from St. Clair County, Michigan; 38. female subanal appendage, lateral view; 39. 
female subanal appendage, dorsal view; 40. bothriothrix D complex; 41. typical body seta. 
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23.8°C, 1 September 1982. British Columbia, Takkakaw Falls, Elev. 6800-7000 ft, 
10-12.rC, short grass, 7 September 1982, Lisa Mencenberg, collector. Michigan. St. 
Clair County, Lakeport State P.rrk, grass sweeping, 26°C, 2 August 1960, Richard J. 
Snider, collector. 
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A COLLECTION OF PSOCOPTERA FROM VOYAGEURS NATIONAL 

PARK, MINNESOTA 


Gary Eertmoed' and Elizabeth Eertmoed2 

ABSTRACT 

A list of -1-3 species of Psocoptera from Voyageurs National Park, Minnesota, includes 
37 new state records and increases to 44 the number of species known from the state. 

Voyageurs ~ational Park. within the spruce-fir forest of north-central Minnesota (Fig. 
11. is a recent addition to the National Park System. As the area recovers from intensive 
logging and recreational use. the status of its biota is being assessed. Psocoptera are a 
major faunistic component of the herbivores which browse the surface micro-flora of its 
conifers. We estimate from the literature that a minimum of 60 and possibly as many as 86 
species of Psocoptera may exist in this Western Great Lakes Region of North America. 
The literature. however. records only seven species of Psocoptera from Minnesota. 

During the summer of 1980 (20 June through 9 August) we collected 4070 adult 
Psocoptera from 31 localities within the park (Table 1, Fig. 1). 

PSOCOPTERA FROM VOYAGEURS NATIONAL PARK. 
Records are indicated for sex (M, F), localities (numbers refer to Table 1), and habitat 

(conifers [C]. deciduous trees [D], ground litter [GL], grass [Gr]). An * preceding a name 
indicates that this is the first published record for Minnesota. 

LEPIDOPSOCIDAE 
* Echmepteryx hageni (Packard): lOSF; 16,20,21,23-27 ,29-31; C. 
* Lepolepis occidentalis ~Iockford: IF; 15; C. 

LIPOSCELIDAE 
* Embido[}socuS needhami (Enderlein): lOF; 8,13,16,20,22,27; C (under bark). 
* Liposce'/is bosrrychophilus Badonnel: 3F; 22,23; C. 

EPIPSOCIDAE 
Benkauia crosbyana Chapman: 132F; 22-24,27-31; GL. 

CAECILIIDAE 
Caeciliusflal'idusIStephens): 19M. 183F; 1-2,4-5,7-9,15-18,20,22-25,27-32; C,D, 

GL. 
* C. conffuens ,Walsh): I~L 2F: 8.22; GL. 
* C. graminis ~Iockford: 1~1: 22: in flight.
* C. h)perborells ~Iockford: I~L 2F; 8: C. 
* C. manteri Sommerrnan: 3F: 11.27: C. 

'" C. nadlen' ~Iockford: 3SF: 22.27-31: GL. 

'" C. pinicola Banks: 9~L 29F: 2.4-8.12-13.30-32; C,D. 

'" C. sommmnanae ~Iockford: 6~L 17F; 2,4-5,7-8,13,27,29,32; C,D. 

'" J[atsumllraiella contermina (Chapman): 33M, 72F; 2-8,10-13,19; C,D. 


POLYPSOCIDAE 
'" Pol)psocuS corrllpnts I Hagenl: 16:\1, 22F; 4,8-9,22,32; C,D,GL. 

'Department of Biology. Chicago State University, 95th at King Drive, Chicago, IL 60628. 
=Biology Deparunent. Rich South High School, Richton Park, IL 6047l. 



~ 

VOYAGEURS 

NATIONAL 

PARK 

MI NNESOTA 

N 

o 2:3 4 5 i 

~ 

~ 

§ 

V1 

trl 
Z 

~ 

~ 

V1...., 

~ 
.0' 

~ 
-l'o 

Fig. 1. Collection sites in Voyageurs National Park. Localities are numbered in order of collection date (Table 1). 
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Table I. Collection localities by date. Locality numbers refer to Figure 1. 

No. Name Dates No. 
1 King Williams Narrows June 20-21 17 Ellsworth Garden 21 
2 Narnakan Lake Island 24 18 Sugarbush Island 22 
3 i'amakan Island 25 19 Namakan Lake 22-23 
-+ Lost Lake 27-29 20 Grassy Bay 26 
5a ..\Iica Ba\' 30-1 21 Browns Bay 26-27 
6 Grass\' Bay July 2 22 Sand Point Lake 27-29 
7 Steges Ba;.: 4 23 Namakan Lake 31 
8 Browns Bay 5-7 24 Namakan Lake Aug 1 
9 Little VerIDillion Lake 9 25 Wolf Pack Island 2 
10 Sand Point Lake Island 12 26 Junction Bay 3 
11 Fox Island 13 27 Mica Bay 4-5 
12 Island N of Fox Island 14 28 Mica Bay 6 
13 Blind Ash Bay 15-16 29 Mica Island 6-7 
14 Grass\' Island 17 30 Bay 9 
15 N"\\' shore Kabetogama Lk. 19 31 Browns Bay 9 
16 Cutover Island 20-21 32 Pinto's recordsb Sept 3-10 

, Localities 5 and 28 are the same. 

!l Kabetogama and Jeannette lakes, collected in 1966 by Dr. John Pinto. 


LACHESILLIDAE 
" A.llomopsoCllS amabilis (Walsh): 38M, 64F; 3-5,8,11,16.29,32; C,D. 
* Lachesilla COlltra!orcepeta Chapman: 11M, 36F; 4-5.7-8,13,20.26,28-30; C,GL.
* L. corolla Chapman: 2F; 4; D. 

" L. fiJrcepeta Chapman: 3M. 6F; 5.29; C. 

'" L. pallida I Chapman): 3M, 2F; 8,22,32: GL.C. 

" L. pediclllaria (Linnaeus): 1:-.1, IF; 4,29; D,GL. 


PERIPSOClDAE 

PeripsOClis albogllttatus (Dalman): 37F; 1,5,27,30; C,D. 

P. sp. rnear alboguttatus): 39F; 31; C. 

" P. madidll5 (Hagen): 25:-.1, 70F; 4-5,8-11,13.15-16,18-19,25,27,29-32; CD. 
'" P. quadr(fasciarus (Harris): 527F; 2-5,7-11,13,15-17.20,24,27-32; C,D. 

ELIPSOClDAE 
" Rewerella helvimaCllla (Enderlein): 1:-.1, IF; 1,13; C. 

:-.1ESOPSOClDAE 
'" .\fesopsoclIs !/lliplillctatus (..\luller): 17M, 53F; 1-5,8,11,13,25; C,D. 

PSOClDAE 
'" .4.mphigerontia b(fasciata (Latreille): 1:-.1, IF; 4, 
'" A. monrimga fChapman): 7:-.1, 33F: 3-5,8-9,11, CD. 
" A. peliolam rBanks!: 28..\1. 18F: 11-12; C. 
" Blaste quieTa I Hagen I: 191:"1. 736F: 8.10--13,15,31; C.D. 
" B. sllbqllieta rChapmanl: 3:"1. 5F: 14.22; C,D,Gr. 
" BlastopmclIs lirliilllls I Chapman): 10M. 42F; 16, I' C,D.GL. 
" J,fetylopllOrIlS Ilomscotiae (Walker): 156M. 313F; 13, 
'" Hyaiopsoclis fforidalllls tBanks): 1~1: 19.31; C. 
" Psocus leidyi Aaron: 9~L .+3F: 16,19-22.24-25,27-31; C. 

P/Tcra pollilTa IWalshl: 699F: 9-13.15-32; C,D. 
0< llldiopsoclis bisigllatl/s (Banks): 3F: 19.22; D.C. 
'" Trichadelloreclllim majlls (Kolbe): 1M. 114F; 8-10,13,15-22,24,27,31; C. 
'" T. s/ossollae (Banks): IF: 20; C. 
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* T. unum Sommerman: 2M, 12F; 13,1&-17,29; C. 
* Loensia moesta (Hagen): 3M, 27F; 20,23,26,28-31; C. 

MYOPSOCIDAE
* Lichenomima sp,: 10M, 14F; 23-24,27,29-30,32; C. 

DISCUSSION 

The above list increases the number of known Minnesota psocid species to a total of 44, 
including Lachesilla nubilis (Sommerman 1946), not found at Voyageurs National Park. 
This extends to the northwest the recorded ranges of many psocids. The record for 
Caecilills hyperboreus is the first extension south of Canada, and the first record in which 
it is sympatric with its sibling species, C. flavidus (Mockford 1965). The European 
species Trichadenotecnum majus is recorded for the first time from the United States, and 
the male record is the first from North America. The record for Amphigerontia petiolata 
(locality 12) is the first from Canada. 
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ESTABLISHMENT OF THE ALFALFA WEEVIL PARASITE 
MICROCTONUS AETHIOPOIDES (HYMENOPTERA: BRACONIDAE) 


IN MINNESOTAl 


Edward B. Radcliffe/ Gerrit W. Cuperus,3 and John K. Flessel 4 

ABSTRACT 

Microctonus aethiopoides, a braconid parasite of adult alfalfa weevil, Hypera postica, 
is now established in southeastern Minnesota. Releases were made near Caledonia in 
Houston County, in 1978 and 1979, and near Rosemount in Dakota County, in 1979 and 
1980. M. aethiopoides was recovered in Houston County in 1979, a new state record, and 
since has expanded its range more than 40 km from the release site. Establishment in 
Dakota County was unexpected because of low host densities, but parasites were 
recovered there in 1983. Other workers have recovered M. aethiopoides in Olmstead 
County. 

Microctonus aethiopoides Loan (=M. aethiops (Nees), the name misapplied by North 
American authors before 1975 [Loan 1975]) is a recently established braconid parasite of 
adult alfalfa weevil, Hypera postica (Gyllenhal). M. aethiopoides is now one of the most 
important biological control agents of this pest in the eastern United States and southern 
Canada. 

First attempts to establish this parasite in North America were a series of apparently 
unsuccessful introductions in Canada and the United States, made between 1948 and 
1957, against sweetclover weevil, Sitona cylindricollis (Filhr) (Day et al. 1971). Releases 
were made in Minnesota in 1953 (Loan and Holdaway 1961). In 1957, the parasite was 
reintroduced from France and released in New Jersey against alfalfa weevil (Dysart and 
Day 1976). Parasites were recovered in New Jersey for the first time in 1961, and the 
following year in Pennsylvania. Since then extensive recolonization and natural spread 
have resulted in widespread establishment of M. aethiopoides throughout the northeastern 
and north central United States. 

Alfalfa weevil was first reported in Minnesota from Houston County in the southeast 
corner of the state in 1970 (Radcliffe and Chiang 1972). The following year, personnel 
from the USDA Beneficial Insects Research Laboratory released M. aethiopoides near 
Freeburg, in Houston County, but apparently the parasite did not become established at 
that time". From 1978 to 1980, we undertook further attempts to colonize M. aethiopoides 
in Minnesota, and the results of those introductions are reported here. 

MATERIALS AND METHODS 

Four thousand adult weevils, ca. 85% parasitized, were shipped from Ohio and released 
31 May 1978, on the farm of Roland Deters (NW Sec. 18, Winnebago Twp.6) near 

'Contribution of the University of Minnesota Agricultural Experiment Station. Paper no. 13,662, 
Scientific J ouma! Series. 

=Department of Entomology, University of Minnesota, St. Paul, MN 55108. 
'Department of Entomology, Oklahoma State University, Stillwater, OK 74078. Formerly with 

Department of Entomology, University of Minnesota. 
'Department of Entomology, Ohio State University, Ohio Agricultural Research and Development 

Center, Wooster, OH 44691. 
1:nformation on 1971 release of M. aethiopoides in Minnesota provided by R. J. Dysart (pers. 

comm.), CSDA Beneficial Insects Research Laboratory, Newark, DE 19713. 
6Site designations given to nearest V. section (Sec.) of Township (Twp.); 1 section = 259 ha. 



128 THE GREAT LAKES ENTOMOLOGIST Vol. 16, No, 4 

Caledonia, in Houston County. A second lot of 4000 weevils, ca. 10% parasitized, was 
released at the same site 9 June 1979. Three releases, of 1500-2400 weevils each, 
20-25% parasitized, were made at a site (SE Sec. 3, Empire Twp.) on the University of 
Minnesota Agricultural Experiment Station, near Rosemount in Dakota County; on 24 
October 1979, 2 April 1980, and 30 May 1980. 

The fields used for these releases were small, ca. 1.5 ha at the Houston County site and 
less than 0.5 ha at the Dakota County site. Both sites were bordered by undisturbed 
wooded areas that appeared suitable for weevil aestivation. Following release of the 
parasitized weevils, the alfalfa was cut only once a season for the next two years, and that 
only after the summer adult weevils had left the field. No insecticides were sprayed on 
these or nearby fields. 

Surveys to determine parasite presence and levels of weevil parasitism were made in 
Houston County each year beginning in 1979, but in Dakota County only in 1983. The 
release site on the Deter farm and a site in NW Sec. 11, Wilmington Twp., 3.4 km distant 
were sampled each year. A third site, in NW Sec. 9, Sheldon Twp., 22.2 km distant, was 
sampled in 1980 and each year following. A site in SE Sec. 14, Wilmington County, 2.6 
km distant, was sampled only in 1981. Five additional sites were sampled in 1983: two in 
Houston County, NE Sec. 11, Spring Grove Twp., 10.1 km distant, and SW Sec. 16, 
Blackhammer Twp., 18.0 km distant; two in Winona County, SW Sec. 8, Pleasant Hill 
Twp., 41.1 km distant, and SW Sec. 24, Hart Twp., 42.0 km distant; and in Dakota 
County, SE Sec. 4, Empire Twp., 0.6 km from the release in that county. 

Sampling was done at 275 CDD above a 9°C base in 1979 and at the Dakota County site 
in 1983, but otherwise at 175-200 CDD. We attempted to collect 100-200 weevils/site 
each sampling date, however, this was not always possible because weevil densities never 
exceeded 3 adults/lOO sweeps and in some fields averaged less than 1 adult/200 sweeps. 
The smallest samples were those collected in Spring Grove and Hart townships in 1983. 
These samples had only 87 and 23 weevils, respectively. The weevils were held at room 
temperature in screen-bottomed cages that permitted emerging parasites to drop through to 
a container below where they could spin their cocoons on strips of felt (Loan and 
Holdaway 1961). Cocoons were transferred to individual 3-dram vials and held for adult 
emergence. 

RESULTS AND DISCUSSION 

Recoveries are summarized in Table 1. In 1979, 24 adult M. aethiopoides were reared 
from ca. 300 adult weevils collected 9 June at the release site. This was a new state record 
for the parasite. Parasites were not recovered from weevils collected at the second site.. 3.4 
km distant. 

In 1980, parasitism was 9% on the Deter farm and 4% at 3.4 km. Parasites were not 
recovered at the third site, 22.2 km distant. While parasitism at the release site was 
slightly lower than in 1979, recovery of M. aethiopoides at the second site suggested that 
establishment and dispersal in southeastern Minnesota was assured. Similar results were 
obtained in 1981, when parasitism levels at these same sites were 13%, 2%, and 0%, 
respectively. 

In 1982, greater levels of parasitism and an appreciable expansion of the range of 
distribution were found. Percentages of adult weevils parasitized by M. aethiopoides were 
23% on the Deter farm, 9% at 2.6 km, 15% at 3.4 km, and 10% at 22.2 km. 

In 1983, M. aethiopoides were reared from weevils collected at all sites. In Houston 
County, parasitism was 38% on the Deter farm. 27% at 3.4 km, 12% at 10.1 km, 29% at 
18.0 km and 48% at 22.2 km. In Winona County. parasitism was 22% at the 41.1 km site 
and 44% at the 42.0 km site. At the Dakota County site, parasitism was 7%, but the first 
parasite emerged from that sample within 24 h of host collection indicating some prior 
emergence probably had occurred. 

In 1980, APHIS personnel recovered M. aethiopoides from seven counties in Wiscon
sin: Fond du Lac, Iowa, Jefferson, Juneau, Marathon, Shawano, and 'Itempealeau and 
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Table 1. Parasitism of overwintered, adult alfalfa weevil by Microctonus aethiopoides in 
southeastern ~nnesota, 1979-1983. 

Percentage of weevils parasitized Location. distance 
from release site 1979 1980 1981 1982 1983 

Houston County 
NV.: Sec. 18. Winnebago Twp., 
release site 14 9 13 23 38 

SE Sec. 14. Wilmington Twp., 
2.5 km \V .. 0.8 km S. 9 

l'I,V Sec. 11. \Vilmington Twp. 
2.8 km \V.• 2.0kmN. o 4 2 15 27 

NE Sec. 11. Spring Grove Twp., 
9.9kmW.. 1.8kmN. 12 

SW Sec. 16. BlaclcharnmerTwp. 
15AkmW.. 9.4kmN. 29 

N\V Sec. 9. Sheldon Twp., 
5.9kmW. .21AkmN. o o 10 48 

Winona County 
SW Sec. 8. Pleasant Hill Twp., 
10.3 km W.. 39.8 km N. 22 

SW Sec. 14. Hart Twp. , 
21.2 kin W.. 36..2 km N. 44 

Dakota County 
SE Sec. 4. Empire Twp., 
0.6kmW. 7 

from five in Io\lo"'d: Clayton, Davis, Jones, Louisa, and Mahaska7• These were all new 
county records and the recoveries in Trempealeau and Louisa were new state records. In 
1981. APHIS personnel recovered M. aethiopoides from three additional counties in 
Wisconsin: Chippe""'d. Florence, and Sawyer; and three more in Iowa: Cass, Madison, and 
Porta\\"'drtomie. In 1983. the parasite was detected from three additional counties in Iowa: 
Monnwmer\". Ston'. and Tama. The kno"\'n distribution of M. aethiopoides in Wisconsin was extended by Wisconsin 
Department of Agriculture surveys8 to include the following counties: in 1980, Dane, 
Richland and Sank: in 1981, Columbia, Portage and Rock; in 1982, Green, La Crosse, 
Lafayette. ~Iarquene. ~fomoe, Vernon, Washington, Waukesha, Waupaca, Waushara, 
and Wood: and in 1983. Crawford, Dodge, Green Lake, Kenosha, Milwaukee, and 
Walworth. 

information on recoveries of M. aethiopoides by APHIS personnel provided by V. E. Montgom
ery lpen;. cOWnl.l. l'SDA. APHIS, Biological Control Satellite Faeility, Niles, MI 49120. 

'Information on recoveries of M. aethiopoides in Wisconsin by state personnel provided by 1. M. 
~ara lpers. COWnl.1. Wisconsin Department of Agriculture, Trade and Consumer Protection, 
Agricultural Resource ~fanagement Division, Madison, WI 53708. 
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Since the completion of our survey, it has come to our attention that APHIS personnel 
recovered two M. aethiopoides eggs, by dissection of summer adult weevils collected in 
NW Sec. 25, Eyota Twp., Olmstead County, 19 August 1981. This recovery was a new 
county record and greatly extended the known range of M. aethiopoides in Minnesota. 
Based on the information presented here. and from the rapid spread of M. aethiopoides in 
Wisconsin and Iowa, it appears probable that this parasite is now of general occurrence in 
southeastern Minnesota. Our observations are consistent with those of Stehr (1974) in 
Michigan, that M. aethiopoides, once established, is capable of rapid expansion of its 
range. 
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MOTHS OF THE DOUGLAS LAKE REGION (EMMET AND 

CHEBOYGAN COUNTIES), MICHIGAN: III. THYATIRIDAE, 


DREPANIDAE, LASIOCAMPIDAE, NOTODONTIDAE, 

LYMANTRIIDAE (LEPIDOPTERA)' 


Edward G. Voss" 

The first list of Lepidoptera for the Douglas Lake region (Welch 1915) included 12 
species in the group of five families for which 55 species are now reported. This 358% 
increase ronly in part the result of enlarging the' 'region" to include all of the two counties 
which share the northern tip of the Lower Peninsula of Michigan) compares with an 
increase of 356'4:- in the families Sphingidae-Ctenuchidae (Voss 1970) and 623% in the 
Noctuidae (Voss 1981). Only the Geometridae remain to complete recording the consider
able expansion of our knowledge of the local macro1epidopteran fauna over the past 70 
years. 
, The format of the present installment is similar to that of previous ones, except that the 
nomenclature. sequence, and numbers follow the new check list of North American 
Lepidoptera (Hodges et al. 1983). However, to aid those whose collections (and habits) are 
still in accord with the previous check list (McDunnough 1938), its numbers are added in 
parentheses at the end of each account, together with any difference in generic assignment 
or species name. No other synonymy seems necessary except in a few special cases. 

No aids to identification are provided here, other than an occasional remark. Keys and 
de.;criptions may be found in Forbes (1923, 1948). Color illustrations of many of our 
species are in Holland (1903) and Morris (1980). The Notodontidae were well illustrated 
in color or black and white by Packard (1895) although many of the names are now 
obsolete. The Lasiocampidae and Lymantriidae were thoroughly treated by Franclemont 
(19731 and Ferguson (1978), respectively. The present list is intended to be useful, in 
supplying dates and notes on habits (especially flight seasons), to local collectors, 
including those at the University of Michigan Biological Station, and to others who may 
be seeking Lepidoptera as experimental animals for research projects. 

Information. insofar as then available, on larval food plants has been published by 
Forbes (1923. 1948i and Prentice (1962, 1963). References herein to food plants are to 
such reported preferences. not (unless explicitly stated) to local observations, but may 
help to place our fauna in some perspective relating to the local vegetation. Most 
Cheboygan County records, as in previous installments, are from the Biological Station 
campus on South Fishtail Bay of Douglas Lake, It is in the midst of a forest largely of 
bigtooth aspen (Populus grandidentata Michaux). A mile or so to the south is an extensive 
swamp of white-cedar (Thuja occidentalis L.), at the north end of Burt Lake. A deciduous 
forest is immediately to the west of the Station, on Grapevine Point, with beech (Fagus 
grand~folia Ehrharti. sugar maple (Acer saccharum Marshall), and associated trees. Paper 
birch (Betula papyr£fera 'Marshall) and red oak (Quercus rubra L.) are frequent through
out the region. In the southern part of Cheboygan County, some 14 and more miles distant 
from Douglas Lake. sandy plains are dominated by jack pines (Pinus banksiana Lambert). 
Occasional white and red pines (P. strobus L. and P. resinosa Aiton) are on the Station 
grounds as wen as elsewhere. Sphagnum bogs and other wetlands abound in the region . 
.\Iost of the Emmet County records are mine, from Mackinaw City, near the Cheboygan 
Counry line (which bisects the village), in an area of mixed forest (when not disturbed) 
along the Straits of '\fackinac. including balsam fir (Abies balsamea (L.) Miller), paper 
birch. red pine. quaking aspen (Populus tremuloides Michaux), and a rich flora of shrubs. 

:CoDlribution from the L"niversity of Michigan Biological Station. 
:Herbarium. The L"niversiry of Michigan, Ann Arbor, MI 48109. 
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In the list which follows, after the counties in which the species has been collected are 
the earliest and latest dates recorded for the two-county region in all of the collections 
examined. If only a single date is known, the year is added along with as much other 
information as possible for an apparently rare species. Most of the species (45) are 
represented in my own collection; when the only extant specimens from the region are in 
other collections, they are indicated: Michigan State University (MSU), University of 
Michigan Museum of Zoology (UMMZ), and University of Michigan Biological Station 
(UMBS). I am grateful to the curators of these collections for the opportunity to examine 
them thoroughly. I am also extremely grateful to John H. Newman for checking many of 
my specimens before his retirement and to M. C. Nielsen for checking a number of others, 
including several from UMMZ, and for his encouragement as well as examination of an 
early draft of the manuscript (to which he could add no records). Only one species (7901) 
is listed solely on the basis of published reports, for which no substantiating specimens 
have been found. 

THYATIRIDAE 

6235. Habrosyne scripta (Gosse). Emmet, Cheboygan: 18 June-3 August. (4004) 
6236. H. gloriosa (Guenee). Emmet, Cheboygan: 4-22 July. Three specimens appear to 

be this species, confirmed by Nielsen. It is very similar to the preceding. The 
differences were described by Forbes (1923, p. 687) and illustrated by Beutenmuller 
(1901, pI. 35) and by Bames and McDunnough (1912, pI. 20), all of whom referred to 
this species as H. rectangula Ottolengui. All three of my specimens were taken at light, 
one at the Biological Station and the others at Mackinaw City. (4006) 

6237. Pseudothyatira cymatophoroides (Guenee). Emmet, Cheboygan: 1-24 July. In
cluding form expultrix (Grote), which is as common as the typical form and is 
sometimes treated as a distinct species. (4007) 

DREPANIDAE 

6251. Drepana arcuata Walker. Emmet, Cheboygan: 23 June-29 August. A common 
moth at light. (4020) 

6252. D. bilineata Packard. Emmet, Cheboygan: 10 May-I 5 August. The two species in 
this genus, as well as Oreta, have a distinctive falcate apex on the forewing, but D. 
bilineata is easily distinguished by the scalloped outer margin of that wing. All three 
species are rather variable in color and markings. The larvae of both species of Drepana 
are reported mostly on members of the birch family (Betula spp. and Alnus spp.). (4021) 

6253. Eudeilinia herminiata Guenee. Cheboygan: 1-17 July. The only specimens are in 
UMMZ. taken at Burt Lake by Max Peet 1936-1940 and at Douglas Lake by 1. W. 
Leonard 1932, these presumably the basis for listing by Moore (1955). The larvae of 
this species are reported to feed on species of dogwood (Comus) and one would expect 
it to be more common. (4017) 

6255. Oreta rosea Walker. Emmet, Cheboygan: 26 June--4 August. Not common; the 
ruddy form irrorata (Packard) is especially rare. The larvae have been reported chiefly 
on species of Viburnum. (4019) 

LASIOCAMPIDAE 

7673. Tolype laricis (Fitch). Cheboygan: 6 August-ll September. All of my specimens 
were taken at mercury vapor light at the Biological Station. Also taken by Peet at Burt 
Lake (UMMZ). The larvae are reported from many conifers, not simply tamarack 
(Larix) as the name suggests. (3987) 

7687. Phyllodesma americana (Harris) (lappet moth). Emmet, Cheboygan: 11 June-26 
July. Variable in coloration, but always distinctive in the scalloped margin of the wings, 
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a prominent lobe on the inner margin of the forewing and on the costal margin of the 
hindwing. the latter lobe projecting beyond the costa of the forewing when the moth is 
at rest. (3999. Epicnaptera) 

7698. ,Halacosoma disstria Hubner (forest tent caterpillar). Emmet, Cheboygan: 6 
July-II August. Much more variable than the next species in color and in width (or 
even absence) of the dark bands crossing the forewing. But never with the two white 
bands which characterize M. americanum. Both species are common, sometimes much 
too common. for the larvae are general and voracious feeders. Stehr and Cook (1968) 
discussed the species at some length, with numerous illustrations. A major outbreak of 
the forest tent caterpillar caused much defoliation in 1977 locally as well as elsewhere 
in ~1ichigan. Life history and natural controls were briefly described by Batzer and 
Morris (1978). (3997) 

7701. "H. americanum (Fabricius) (eastern tent caterpillar). Emmet, Cheboygan: I July~9 
August. The larvae. although general feeders, are reported to favor Rosaceae. They are 
colonial and. unlike the preceding species, make readily recognizable "tents" in the 
crotches and forks of main branches of trees. The rather similar M. califomicum 
plu"lale (Dyar) may be expected in the Douglas Lake region, as it has been collected as 
close as ~fackinac County and High Island (in Beaver group) in northern Lake 
Michigan. as determined by Stehr (UMMZ). In this northern and western species, the 
pale lines on the forewing are very sharp and slightly more curved than the straight lines 
of J1. americanum. and the ground color tends to be a rich almost chocolate brown. 
(3989) 

NOIDDONTIDAE 

7895. Clostera albosigma Fitch. Emmet, Cheboygan: 23 May-13 August. Common. as 
might be expected of any moth whose preferred larval food is reported to be aspen. 
(3827. lchthl'ura) 

7898. C. srrigosa (Grote). Emmet, Cheboygan: 24 June-II July. (3826. lchthyura) 
7901. C. apicalis (Walker). Cheboygan (listed by Moore 1955). (3822, lchthyura) 
7902. Datana ministra (Drury) (yellow-necked caterpillar). Emmet, Cheboygan: 23 

June-I3 August. A rather common species, the larvae with an appetite for a great 
diversity of trees. They often elevate both ends of the body, remaining attached by the 
middle lees. 13829) 

7908. D. perspicua Grote and Robinson. Cheboygan: 15 July 1968. A single female, 
taken at mercury vapor light at the Biological Station. The larvae have been reported 
only on sumac (Rhus spp.). which is common in the region; one would expect the moth 
to be less rare. (3838) 

7915. Sadata gibbosa (J. E. Smith). Emmet, Cheboygan: 26 June-27 July. (3857) 
7919. Peridea basitriens (\Valker). Cheboygan: 12 June-12 July. Only two specimens. 

~1ine wa, taken in 1966 at mercury vapor light at the Biological Station; the other 
(C.\I.\1Z1 v.as taken in 1934 at Douglas Lake. The larva and life history of this species 
were not described until 1969 (Riotte); caterpillars were reared in Ontario on sugar 
maple. (3849. Sotodonta) 

7920. P. angulosa 11. E. Smith). Emmet, Cheboygan: 22 June-II August. Rather 
frequent. the larvae reported principally on oak. (3854, Lophodonta) 

7921. P. ferruginea (Packard). Emmet, Cheboygan: 26 June-7 August. One of the 
commonest species in this family at light. The food plant is reported as paper birch. 
Judging from specimens in all collections examined, the Straits area is the only part of 
the state where this moth is common. (3853, Lophodonta) 

7922. Pheosia rimosa Packard. Emmet. Cheboygan: 28 June-14 August. Not as common 
as would be expected for a species whose larvae feed on Salicaceae (Populus, Salix); the 
aspens and willows are abundant in the area. (3851) 

7924. Odontosia eJegans (Strecker). Emmet, Cheboygan: 12 June-8 August. The larvae 
are reported only from quaking aspen, and the moth is rather frequent at light. (3847) 
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7926. Notodonta scitipennis Walker. Cheboygan: 24 June-12 July. Apparently not 
common. (3843, Hyperaeschra stragula Grote) 

7928, N, simplaria Graef, Cheboygan: 15 May-9 August. (3850) 
7929 , Nerice bidentata Walker, Cheboygan: 24 June-31 July. Several specimens taken by 

Peet at light at Burt Lake (UMMZ). (3858) 
7930, Ellida caniplaga (Walker), Cheboygan: 7 July 1952. (3875) 
7931. Gluphisia septentrionis Walker. Emmet, Cheboygan: 15 May-13 August. Surely 

our most common member of this family, in keeping with the abundance of its preferred 
food plants (Populus spp.). (3939) 

7933, G. avimacula Hudson. Emmet, Cheboygan: 15 May-5 June (MSU), First reported 
for the state, and this region, by Newman and Nielsen (1973). (3940, sub G. lintneri) 

7937. Furcula cinerea (Walker). Emmet, Cheboygan: 24 June-12 August. A rather 
common moth at light at the Biological Station, but I have never taken it at Mackinaw 
City. (3925, Cerura) 

7939. F. occidentalis (Lintner). Emmet, Cheboygan: 14-28 JUly. I took one specimen at 
incandescent light at Mackinaw City in 1946, and there was one taken at light at 
Douglas Lake in UMBS. The larvae of all our species of Furcula and Cerura are 
reported to feed primarily on Salix, Populus, and Betula. (3934, Cerura) 

7940. F. scolopendrina (Boisduval). Cheboygan: 4 July 1937. One specimen (UMMZ) 
taken at light at Burt Lake by Peet. (3938, Cerura) 

7941. F. modesta (Hudson). Cheboygan: 15 May-8 August. Not common, but easily 
recognized by the sharply contrasting black and white pattern of the forewings. (3937, 
Cerura) 

7942a. Cerura Sciliscripta muleiscripta Riley. Cheboygan: 26 June 1936. At light at Burt 
Lake, collected by Peet (UMMZ). (3930, C. mulriscripta) 

7951. Symmerista albifrons (1. E. Smith) (red-humpcd oakworrn). Emmet, Cheboygan: 
20 June-12 July, All material of this genus from the two counties has been referred here 
(mostly checked by 1. P. Donahue). S. canicosta Franclemont was listed by Moore 
(1955) from Cheboygan County, but Newman and Nielsen (1973) reported it only from 
the southern Lower Peninsula, where it seems to be common; it has also been taken 
from the Beaver Islands, as has S. leucitys Franclemont. Both these recently recognized 
species should be sought in the Douglas Lake region. S. albifrons is common, and 
sometimes (especially in counties farther south in Michigan) occurs in epidemic 
numbers in the state (Wallner J971), (3859) 

7958. Dasylophia thyatiroides (Walker). Cheboygan: 22 June-5 July. (3881) 
7975, Macrurocampa marthesia (Cramer), Emmet, Cheboygan: 5-22 July. (3910, 

Fentonia) 
7983. Heterocampa obliqua Packard. Cheboygan: 29 June-20 July. (3891) 
7990. H. umbrata Walker. Emmet, Cheboygan: 24 June-J9 July. (3902) 
7994. H. guttivitta (Walker) (saddled prominent). Cheboygan: 27 June 1964. Collected 

by Nielsen (MSU) at black light in the Grass Bay area. (3907) 
7995. H. biundata Walker. Emmet, Cheboygan: 26 June-28 July. Not common, although 

like most species of the genus the larvae are reported on a number of tree species. The 
wings of fresh specimens, at least, have a distinctive olive green shade. (3906) 

7998. Lochmaeus manteo Doubleday. Emmet, Cheboygan: 4 July-14 August. Evidently 
not common, although the larvae are reported to feed on a diversity of common trees, 
(3905, Heterocampa) 

8005. Schizura ipomoeae Doubleday. Cheboygan: 24 June-9 July. Apparently rare, 
although the larva is a general feeder, (3920) 

8006. S. badia (Packard). Cheboygan: 30 June-26 July. A rare species with us. Little 
seems to be known of the larval foods; Ferguson (1954, p 283) reported it on Viburnum 
cassinoides L., which is frequent in wet places throughout northern Michigan. (3923) 

8007. S. unicornis (1. E. Smith), Emmet, Cheboygan: 29 May-7 August. (3924) 
8009. S. apicalis (Grote and Robinson). Cheboygan: 10 July 1950. One specimen, at 

carbon-arc light at the Biological Station, Not a common moth in Michigan, known 
only from the northern part of the state. (3926) 
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8010. S. concinna (1. E. Smith) (red-humped appleworm). Cheboygan: 8 August 1959. 
One specimen in UMBS taken at the Biological Station by J. D. Walters. Moore (1955) 
cited the listing by WeIch (1915). (3921) 

8011. S. leptinoides (Grote). Cheboygan: 1-17 July. Only three specimens, all taken at 
light at the Biological Station 1965-1969. (3927) 

8012. Oligocentria semirufescens (Walker). Cheboygan: 14 June-16 August. Apparently 
rare. though the larvae are general feeders. Quite similar in appearance to the next 
species. but lacks a tuft of scales near the middle of the inner margin of the forewing. 
(3919. Dicemria) 

8017. O. lignicolor (Walker). Emmet, Cheboygan: 26 June-28 July. (3912, Dicentria) 

LYMANTRIIDAE 

8294. Dm-ychira mgans vagans (Barnes and McDunnough). Cheboygan: 10 July 1937. 
One specimen taken at light at Burt Lake by Peet (UMMZ), determined by Moore as 
Olene atomaria parallela (Grote and Robinson) and presumably the basis of his 
Cheboygan County report (1955) of O. atomaria, a name discovered by Ferguson to 
belong in the synonymy of quite a different species (D. dorsipennala (Barnes and 
)'1cDunnough)). In the sense of other recent authors, atomaria applies to D. obliquata 
(Grote and Robinson), known from as close to Douglas Lake as Otsego County (MSU) 
and hence to be expected. D. pinicola (Dyar) is known as close as Presque Isle County 
(Ferguson 1978. p. 54) and is also to be expected. However, all material of the genus 
from Emmet and Cheboygan counties has been placed by Nielsen in the two species 
here reponed. Larvae of D. vagans feed on deciduous trees and shrubs. (3954, Olene) 

8304. D. plagiata (Walker). Emmet, Cheboygan: I July-8 August. Occasional at light. 
Included here are several specimens detemlined by Moore as Olene vagans willingi 
Barnes and ~lcDunnough and thus reported by him (1955) from Cheboygan County, as 
well as one detennined by him as O. pini Dyar but not reported. Ferguson (1978, p. 52) 
cited D. plagiata from Cheboygan County. The larvae are reported on a diversity of 
conifers. (3961. Olene) 

8308. Orgyia antiqua nova Fitch (rusty tussock moth). Emmet, Cheboygan: 5 June-5 
September. The typical subspecies is European. The adult female, as in the next two 
species. is wingless. I have taken males at light as often as tlying in the daytime. 
(Ferguson 1978 considers nocturnal tlight very unusual.) The larvae are general feeders, 
sometimes a nuisance. Periodically they have defoliated shrubs of red-osier (Cornus 
stolonif'era .\1ichaux) and mountain-ash (Sorbus decora (Sargent) Schneider) at Mack
inaw City. 13943. ;\'otolophus) 

8314. O. definita P'd.ckard. Emmet: I September 1967. A specimen collected by E . 
.\letzler near Carp Lake (MSU). (3950, sub Notolophus plagiata) 

8316. O. lellcosfigma intermedia Fitch (white-marked tussock moth). Emmet: 4 July-5 
September . .:\octurnal. and occasional at light. The larvae are general feeders on both 
coniferous and deciduous plants, and like other species they have four prominent 
closely spaced toothbrush-like tufts on the back. (3948, Notolophus) 

8318. Lymantria dispar (L.) (gypsy moth). Emmet, Cheboygan. Collected by a phe
romone trap in Cheboygan County in 1973 (Hanna 1981), but as material from the 
state's gypsy moth survey is apparently not saved, there was no voucher specimen. No 
eradication effort ",as made in the county (Hanna 1982), and the species is clearly not a 
problem in our area at this time. In 1983 a Michigan Department of Agriculture 
pheromone trap captured one gypsy moth in Bear Creek Township of Emmet County, 
and another was trapped in Aloha Township of Cheboygan County. Through the 
kindness of .\1urray Hanna. these specimens were presented to me and will be saved, 
although in understandably poor condition after being stuck on the adhesive lining of 
traps that had been set out for two months or more. (3965, Liparis) 
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ADDENDA: NOCTUIDAE: 

Sincc publication (Voss 1981) of the list of Noctuidae for the Douglas Lake region. six 
additional species have been identified from the area (besides 1251.1 Euxoa manitobana 
McDunnough. added in proof). And one was omitted in error. These are listed below, with 
numbers from McDunnough (1938) for ready insertion in the previous list, bringing the 
species of Noctuidae recorded from the two counties to 318. 
-Xestia xanthographa (Fabricius). Emmet 12 August 1981. A European species recently 

established locally in North America. Reported by Metzler (News Lepid. Soc. 1982, p. 
25. 1982) from Emmet and Antrim counties. 

1661. Mamestra curialis (Smith). Cheboygan: 5 July 1950. Three specimens taken by me 
at light at the Biological Station, long misplaced but recently discovered by Nielsen, 
who has retained one. The only other Michigan record is from Chippewa County 
(Moore 1955). 

2219. Lithophane pateJacta (Walker). Cheboygan: 19 April 1982. Taken by Robert Vande 
Kopple at sugar maple sap near the Biological Station. 

2303. Eupsilia tristigmata (Grote). Cheboygan: 19 April 1982. Same data as above. 
2304.1. E. vinulenta (Grote). Cheboygan: 19 April 1982. Same data as above. First 

reported for Michigan by Newman and Nielsen (1973) from counties to the south. 
2459. Apamea americana (Speyer). Emmet, Cheboygan: 24 July-8 August. [Omitted by 

error in final typing of manuscript; the noctuid list as published gives no. 2459 for 
2479. Papaipema appassionata.] 

3728.1. Hypenodes Jractilinea (Smith). Emmet: 12-13 August 1981. Eric Mctzler 
informs me that he took specimens of this species at Carp Lake. 

ERRATUM 

The following correction should be noted in the paper 

A PYRALID MOTH (LEPIDOPTERA) AS POLLINATOR OF BLUNT-LEAF ORCHID 

by Edward G. Voss and Richard E. Riefner, Jr., which appeared in Volume 16:57-60. 

Through a printer's error the photograph (Fig. 2, p. 58) showing a pollinium attached to 
the right eye of a moth was printed upside down. 
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MASS REARING OF THE GREATER WAX MOTH, 

GALLERIA MELLONELLA (LEPIDOPTERA: PYRALIDAE), FOR 


SMALL-SCALE LABORATORY STUDIES1 


M. A. Mohamed and H. C. CoppeP 

ABSTRACT 

A technique was developed to mass rear the greater wax moth, Galleria mellonella, 
economically (ca. 0.2 cents per larva exclusive of 3-5 h of labor costs per week). 
Mortality in the egg and early larval stages was ca. 48% whereas in later larval and pupal 
stages it was ca. 10% and 27% respectively. With a fecundity of 650-1120 eggs per 
female, and notwithstanding the high egg and early larval mortality, the procedure easily 
provides a self-sustaining culture with high yields of all stages. 

The greater wax moth, Galleria mellonella (L.), is extensively cultured as a laboratory 
test animal for basic studies in many disciplines (physiology, biochemistry, toxicology, 
pathology, etc.). Additionally its egg, larval, and pupal stages are often used as hosts or 
prey for rearing parasitic and predaceous insects for both laboratory studies and field 
releases. Beck (1960) and Dadd (1964, 1966) originally formulated diets to culture G. 
mellonella in the laboratory. However, without modifications, we encountered variable 
survival rates among the various stages under mass rearing conditions. By manipulation of 
both the basic diet suggested and the procedures for rearing the greater wax moth we were 
able to establish an efficient and reproducible system for providing large numbers at a 
relatively low cost. Our system is herein described. 

MATERIALS AND METHODS 

The following ingredients comprise our diet: 
Water, deionized, preboiled, 100 ml 
Honey, raw or commercial brand, 150 ml 
Glycerine, 50 ml 
Beeswax, 3 g 
CholesteroL 1 g 
Polyvisol Multivitamin supplement, 4 ml 
Babyfood cereal, Gerber's Hi-Protein 454 g 

Heat the deionized water to 80°C and separately add the honey, glycerine, beeswax, and 
cholesterol while swirling vigorously. When all ingredients are in solution allow to cool to 
ca. 50°C. Add the multivitamin supplement. 

Place the cereal in a container and manually pulverize it to a fine dusty texture (a 
blender may be used). Add the above solution, while still warm, to the cereal in 50 ml 
increments: manually mixing it into the cereal after each addition. The resulting mixture 
should have a loose, friable consistency. The medium (diet) may be stored indefinitely at 
room temperature in a tightly closed container. 

Adult wax moths from our stock cultures were placed into I-liter mason jars where 
mating took place. Also placed into the jars were folded sheets of wax paper held together 

IResearch supported by the College of Agricultural and Life Sciences, University of Wisconsin
Madison, in part by USDA, SEA, AR Agreement #58-519-B-I-991 and in part by Federal Hatch 
Support, project no. 2116. 

"Department of Entomology, University of Wisconsin, Madison, Wl 53706. 
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with paper clips and on which the moths deposited their eggs. The eggs were removed 
from the jars and used to initiate the next generation of wax moths. We placed 115 g of the 
medium into each 500 ml sterilized mason jar, added 1000 wax moth eggs to the surface of 
the medium, and 0.5 ml of deionized preboiled water on and around the eggs. We then 
sealed the jar with aluminum foil. The jars were incubated in the dark at 28.5°C. Second 
instar larvae are readily observed in 7-10 days by the extensive tunnelling at the periphery 
of the medium. The foil is then removed and replaced with wire screening covered with 
cheesecloth. This allows adequate gaseous exchange and prevents excessive moisture 
buildup. The larvae remain in the medium for an additional 8-10 days (28SC, 60-70% 
RH, total darkness). By this time the medium is reduced to a fine, dusty, dark powder and 
the larvae are readily separated from it by screening. The larvae are transferred into a 1
liter mason jar to which 175 g of the medium are added. Within 4-5 days, fourth instar 
larvae become available, and in 7-8 additional days fifth instars are present. If pupae are 
desired another 7-10 days are required in incubation. 

Those larvae which are not in the prepupal stage in the mason jar may be transferred to 
fresh medium (100 g) either in another jar or in aluminum baking pans covered with metal 
screens. The latter are incubated at 26.5 ± OSC, 80-90% RH, and 24 h darkness to 
provide either final instar larvae in 2-3 days or a cocoon mat on the screen in 5 days. 

As a measure of the efficiency of our system the following data were obtained: the 
percentage survival of eggs and instars 2 and 3, instars 4 and 5, and pupae, from 12 
replicates each seeded with 1000 eggs; the percentage of adults eclosing from pupae and 
their ratio from 25 replicates of 50 randomly collected pupae obtained from the 12 
replicate cultures originally used; the number of eggs deposited when one male was placed 
with one female (12 replicates) and when 25 males were placed with 25 females (eight 
replicates); and, the weight distribution of the pupae. 

DISCUSSION OF RESULTS 

Under the conditions of the cultural procedures discussed in the previous section, the 
highest mortality (ca. 48%) occurred from the egg to larval instars 2 and 3 (Table 1). 
As no cadavers were observed during handling of stock, it is possible that low egg 
viability contributed significantly to mortality. Beyond larval instars 2 and 3, however, 
survival increased significantly to the pupal stage (90%). Survival of the pupae to the adult 
stage was approximately 73 ± 5.6% providing slightly over 300 adults from an initial 
seeding of 1000 eggs. The sex ratio of the emerging adults was approximately 1:1. 

Egg production per female using a single female to a male ratio was 1120 ± 57 
(n 12), and in a 25 female to 25 male ratio it was 16.3 1.6 x UP (n = 8). From the 
relatively high egg production obtained in either situation it becomes apparent that wax 
moth cultures may rapidly become self-sustaining in an almost exponential manner. 

As an index of the relative homogeneity of the culture, a histogram (Fig. 1) shows a 
normal distribution of pupal weights (determined fTom a probability plot) where x ± S.D. 
was 171.4 35.01mg (n = 550). 

Table 1. Survival (%) of the larval and pupal stages of the greater wax moth, Galleria 
mellonella (L.) from the egg stage. 

2nd-3rd larval 
4th-5th larval 90 ± 1.3 

Pupal 90 ± 0.9 

"The percentage survival was calculated on the basis of the numbers of the stage listed as a 
ratio of the preceding stage. The initial number was 1000 for each of 12 replicates. 
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Fig. 1. Pupal weight distribution of the greater wax moth, Galleria mellonella (L.) 

We have used this procedure for 1.5 years and have had no problems of reproducibility. 
Waste does accumulate on the bottom of the mason jars but it can be removed readily and 
separated from the intact upper layer in which most of the larvae aggregate. The waste 
layer can then be dried in the aluminum pans and the remaining larvae harvested. 

The ingredients used are relatively inexpensive resulting in a cost per larva (exclusive of 
labor) of 0.2-0.3 cents. Approximately 3-5 h per week (labor) is required to maintain and 
harvest 5000--10,000 individuals of any stage of the greatcr wax moth per week. 
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AN ASSESSMENT OF GYPSY MOTH ERADICATION ATTEMPTS 

IN MICHIGAN (LEPIDOPTERA: LYMANTRIIDAE) 


Steve H, Dreistadt1 

ABSTRACT 

Michigan's infestation of gypsy moth, Lymantria dispar, extends over 600,000 acres, 
First discovered in Michigan in the 19505, gypsy moth was reportedly eradicated through 
the use of DDT then reintroduced in the 1970s, Substantial circumstantial biological 
evidence, however, points to the probability that gypsy moth has resided continuously in 
Michigan for over 30 years, Environmental factors may be largely responsible for 
containing Michigan's gypsy moth popUlations, 

It is often argued that the failure of early attempts to eradicate the gypsy moth, 
Lymantria dispar L. (Lepidoptera: Lymantriidae), from the eastern United States was due 
largely to the lack of adequate pesticides (USDA 1981). The refinement of aerial 
application techniques and the commercial availability of chlorinated hydrocarbon 
pesticides in the 1950s led some persons to contend that the gypsy moth could still be 
eradicated from North America cven though it was by then widely established (Dunlap 
1980). An assessmcnt of the attempted eradication of the gypsy moth in Michigan is 
therefore of great interest. Gypsy moth was first discovered in Michigan, distant from the 
generally infested eastern United States, after the availability of aerial DDT applications. 
Gypsy moth's reportedly successful eradication in Michigan in the 19605 and 1970s has 
been cited as a precedent by eradication proponents from North Carolina to Oregon (North 
Carolina Department of Agriculture 1974, Oregon Department of Agriculture 1982). 

ERADICATION HIS1DRY, 19505 AND 1960s 

In the summer of 1952, an unidentified individual left an unlabeled jar of caterpillars at 
Michigan State University in East Lansing. These were later identified as gypsy moth. 
Where they had been collected could not be determined and no gypsy moths were reported 
in Michigan the following year (Hanna 1982). 

In May 1954, a Lansing, Michigan, homeowner reported that unfamiliar caterpillars 
were crawling on his property. These were identified as Lymantria dispar. A visual 
roadside survey, primarily from slow-moving vehicles, was made by the United States 
Department of Agriculture (USDA) and Michigan Department of Agriculture (MDA) to 
delimit the apparent infestation. Ten persons in 10 days surveyed approximately 230 
miles2 (0'Dell 1955), The cities of Lansing and East Lansing and surrounding portions of 
Ingham, Eaton and Clinton counties in south central Michigan were determined to require 
immediate eradicative treatment with DDT (Hanna 1982). 

In early June 1954, approximately 58,000 pounds of DDT were aerially applied to over 
100 miles2• More gypsy moths were found and from 1954 through 1962 approximately 
265,000 acres were aerially sprayed with DDT (see Fig. 1). In 1962, a farmer in the 
treatment area was awarded damages as a result of loss sustained when his milk was 
condemned due to DDT contamination. No more gypsy moths were found the following 
year and 1962 turned out to be the last year during which DDT was sprayed against the 
gypsy moth in Michigan. 

IDepartment of Entomological Sciences, University of California, Berkeley, CA 94720. 
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1954-1962 1963-1971 1972-1977 1978-1980 

MICHIGAN COUNTIES WITH MALE GYPSY MOTH DETECTIONS 

1954-1962 1963-1971 1972-1977 1978-1980 

MICHIGAN COUNTIES SPRAYED FOR GYPSY MOTH 

Fig. 1. Michigan counties with male gypsy moth detections and counties sprayed for gypsy moth, 
1954-1980 (adapted from Hanna [198J, 1982]). 

During the DDT spray period the MDA employed an average of 5000 traps a year. Each 
trap was baited with the natural sex attractant extracted from adult female gypsy moths. 
lIeatment areas were determined largely on the basis of moth captures the previous spring 
and follow-up visual roadside surveys. 

The discontinuance of DDT spraying in 1962 was followed in 1963 by a switch from the 
use of the natural pheromone, extracted from female moths, to the use of detection traps 
baited with Gyplure, a synthetic attractant. Gyplure was used in Michigan detection traps 
from 1963 through 1971. No gypsy moths were detected during the Gyplure trapping 
period with the exception of 1966. 

In the spring of 1966, the MDA prepared and began distributing a publicity folder 
titled, "Dh Where Dh Where Did the Gypsy Moth Go?" which reported to the taxpayer 
on the supposedly successful million-dollar eradication of the gypsy moth (Hanna 1982). 
Early that summer, however, a Duck Lake property owner reported finding gypsy moth 
caterpillars in Calhoun County which had been previously treated with DDT. Trapping in 
this location did subsequently capture a few moths. In response, over 12,000 acres were 
aerially sprayed with carbaryl (Sevin) in the spring of 1967. 

ERADICATION HISTORY, 1970s AND 19805 

In 1972, Disparlure, a new synthetic attractant, replaced Gyplure. Moths were eaptured in 
three counties, the first deteetions since 1966. In 1973, improved lure dispensing, 
including the use of a troctanoin keeper to extend the pheromone's useful life, was 
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employed in conjunction with redesigned traps. That summer 1828 moths were trapped in 
21 counties (Hanna 1981). 

Spring applications of carbaryl and diftubenzuron (Dimilin) were initiated beginning in 
1973 in response to these and subsequent gypsy moth finds. According to the MDA, the 
objective of the 1970s treatment program was that of "reducing gypsy moth populations in 
Michigan to nondetectable levels." By 1976, MDA reported that "considerable progress 
has been made relative to the eradication of the gypsy moth from Michigan" (MDA 
1976a). It was projected that "by 1980 the gypsy moth infestation in Michigan will be 
confined to Gratiot, IsbeIIa, Midland and Montcalm counties" (MDA 1976b.) 

ONTARIO 

WISCONSIN 

MICHIGAN 
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In 1978, Michigan began a switch from the mixture of optical isomers of Disparlure in 
detection traps to the use of the more attractive ( + ) enantiomer. In 1980, the first year 
when most Michigan detection traps employed this improved lure, gypsy moth was 
detected in 37 counties. Much of the State of Michigan is now considered to be generally 
infested with the gypsy moth. 

ASSESSMENT OF ERADICATION HISIDRY 

According to the MDA, the gypsy moth population first identified in 1954 was 
eradicated by J962 through the use of DDT. With the exception of the 1966 infestation 
first discovered by a property owner, and reportedly eradicated through the use of 
carbaryl, the MDA stated that no gypsy moth populations were present in the state from 
1962-1971 (Dreves 1982). The 1970's infestation reportedly was a reintroduction, in 
about 1972, traced to an egg mass contaminated trailer (Simmons 1982; Dreves, pers. 
comm.). The USDA also reported that gypsy moth was successfully eradicated from 
Michigan in 1967, and from Macomb and Washtenaw counties, Michigan, in 1976 and 
1977 respectively (USDA 1982). 

Substantial circumstantial biological evidence, however, points to the probability that 
gypsy moth has resided continuously in Michigan for over 30 years. The original 
infestation was never well-defined by the USDA and MDA. Although records as to the 
specific location of the detection traps in the 19508 and 1960s are apparently unavailable, 
5000 natural pheromone-baited traps per year in a state of over 30 million acres was 
certainly inadequate to truly delimit the 19508 infestation. Roadside visual surveys are 
grossly inadequate for delimiting low-level insect populations. For example, 12,000 man
hours from 1979-1982, and the use of trained "sniffer" dogs, were required to find four 
egg masses known to exist within 10 miJes2 in Santa Barbara, California (California 
Department of Food and Agriculture 1982). This survey effort can be compared to less 
than 1000 man-hours spent in Michigan to delimit an infestation covering at least 100 
miles2. 

Inadequate efforts to delimit the initial infestation during the 1954-1962 DDT spray 
period were coincidently followed by a switch in trap lure. Gyplure, which was used in 
Michigan detection traps from 1963-1971, was later found to be inactive against the gypsy 
moth (Jacobsen et al. 1970, Cameron 1973). With the exception of the 1966 moth captures 
in an area trapped in response to visual reports of caterpillars. no gypsy moths were 
captured in Michigan during the Gyplure trapping period (1963-\971). The 1966 capture 
may be attributed to the occasional blundering of a few moths into the traps. In 1973, with 
an improved lure and redesigned trap, almost 2000 moths were found to be distributed 
throughout 21 counties. The extreme importance of trap efficacy is further demonstrated 
by the dramatic increase in number and locations of moth finds which occured by 1980 
when the more attractive ( + ) enantiomer lure was substituted for the mixture of optical 
isomers which had previously been employed (Table I). 

The MDA reported that, except for the 1966 infestation, no gypsy moths existed in 
Michigan from 1963-1971. It is however, biologically implausible for the insect to have 
spread to 21 counties by 1973 if it had actually been eradicated and then reintroduced in 
1972 as reported. A more likely explanation for the 1973 widespread discovery of gypsy 
moth is tbat low level populations existed prior to the switch to Disparlure but were not 
detected by Gyplure-baited traps. The increased moth captures may also have resulted 
from "carry-in" of gypsy moth from eastern states. The relative importance of gypsy 
moth carry-in vs. the probability that Michigan harbored undetected populations through
out the 1960s apparently cannot be evaluated. While inadequate detection tools and 
insufficient data-gathering and record-keeping preclude definitive conclusions, it appears 
that gypsy moth has been well-established in Michigan since before 1954. 

The MDA is no longer attempting state-wide gypsy moth eradication. According to the 
MDA, "In 1981 (their) objective became the containment of gypsy moth popUlations 
within the generally infested area in the central lower peninsula and the eradication of 
small isolated infestations remote from the generally infested area" (MDA 1983). The 
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Table 1. Michigan male gypsy moth detection history. 

Total number 
number of counties 

with detections Years Attractant 

1954-1962 Natural pheromone 5,000 16 6 
1963-1971 Gyplure 1,700 NONE' 1 
1972-1977 Dispar1ure 

( +1 enantiomers) 19,700' 580 24 
1978-1980 Disparlure 

(+ enantiomer) 36,000 9,600 37 
'Excludes the 15 moths detected in Calhoun County in 1966 which were found after a property owner 
reported the presence of numerous larvae. 

bExciudes the 35,000 traps employed in a mass trapping program in Isabella County in 1975 and 

1976. 


MDA's 1983 gypsy moth treatment program called for two aerial applications of carbaryl 
(Sevin-4-0il) in nine locations harboring innocuous insect popUlations (MDA 1983). 
Several proposed treatments were cancelled in apparent response to local opposition. Five 
isolated infestations were treated in Kalamazoo, Livingston. Muskegon, Oakland, and 
Van Buren counties (Dreves. pers. comm.). 

CONCLUSIONS 

Given the history of attempted gypsy moth eradications, it is questionable whether 
Michigan should be expending a major portion of its gypsy moth program budget on 
attempts to eradicate apparently isolated populations. Analysis at Michigan State Univer
sity indicates that it is less costly and less environmentally disruptive in the long run to 
initiate treatments only where gypsy moth populations threaten to outbreak (Morse and 
Simmons 1979). 

Gypsy moth today inhabits an estimated 600,000 acres in Michigan (Morse and 
Simmons 1979). An accurate determination of gypsy moth's eurrent range cannot be made 
in part due to Michigan's lack of eonsistent state-wide trapping. In 1982 for example, 
three of the six original counties treated with DDT during the 1950s and 1960s contained 
no traps. Areas known to be infested in the other three DDT-sprayed eounties contained 
localized "Delimiting" traps, but no county-wide detection grid survey (MDA 1982). 

Though gypsy moth has probably been in Michigan continuously for over 30 years, a 
total of only 1 mile2 has been noticably defoliated (Dreves, pers. comm.). This lack of 
defoliation is probably due in part to efforts to reduce the rate of gypsy moth introduction 
into Michigan and to periodic pesticide applications. Most of Michigan, however, has 
never been sprayed for the gypsy moth. 

The ability of gypsy moth to maintain naturally stable, innocuous populations has been 
documented in several studies in North America (Campbell et al. 1975a, 1975b; Campbell 
1976; Campbell and Sloan 1976). No defoliation has ever been reported in some portions 
of the insect's world-wide range. Gypsy moth is rare and may have become extinct in the 
British Isles (Giese and Schneider 1979). Environmental factors may be largely responsi
ble for containing Michigan's gypsy moth populations. 
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REPRODUCTIVE COMPATIBILITY WITHIN AND AMONG SPRUCE 

BUDWORM (LEPIDOPTERA: TORTRICIDAE) POPULATIONS 


Nancy Lorimer and Leah S. Bauerl 

ABSTRACT 

Spruce bud worm moths collected as larvae from two species of host trees in four 
populations were mated in single pairs in two years. In 1980 but not 1981, more of the 
intra-population matings than the inter-population matings were fertile. Host tree origin 
was not a signifieant factor in the level of sterility. 

Incompatibility is the lack of offspring or the reduced fitness of offspring from crosses 
between strains of the same species. Although common in insects, the manifestations and 
underlying mechanisms of incompatibility are many and varied. Examples range from 
embryo mortality because of cytoplasmic ineompatibility in the mosquito, Culex pipiens 
L. (Diptera: Culicidae) (Laven 1959) to complex genomic and cytoplasmic disturbance of 
FI reproduetive ability in the fruit Hy, Drosophila melanogaster L. (Diptera: Dro
sophilidae) (Kidwell et a1. 1977). Intraspecific incompatibility has also been documented 
for Lepidoptera (Oliver 1979), but not all species exhibit this phenomenon (Robinson and 
Proverbs 1973). No information concerning the presence or absenee of ineompatibility is 
available for the eeonomieally important spruee budworm, Choristoneura fumiferana 
(Clemens), despite the relevance of this information to questions about outbreak origins, 
migration, local adaptation, and the genetie relatedness of different populations. In this 
paper we report that spruce budworm populations were not consistently compatible as 
measured by the frequency of fertile matings. 

MATERIALS AND METHODS 

Late instar spruce budworm larvae werc eolleeted from balsam fir, Abies balsamea (L.) 
MilL, and white spruee, Picea glauca (Moench) Voss., from a population in each of four 
localities in June of 1980 (St. Louis Co., Minnesota; Forest Co., Wisconsin; Coos Co., 
New Hampshire; Johnson Twsp., Ontario). In June of 1981 collections were limited to 
Minnesota (MN) and New Hampshire (NH). Each larva was placed in a small plastic 
container with diet (McMorran 1965) until pupation. We crossed individuals that came 
from the same popUlation, and individuals from different populations. We also established 
crosses in which both the male and female came from the same host tree species, and 
crosses in which the male came from one host species and the female came from the other 
host species. On the day of emergence, single male and female adults were placed 
together in pint paper cups covered by petri dish lids, with oviposition sites of white 
spruce shoots. Foliage was checked for eggs 3-5 days after crosses were established and 
again after moths were dead (6-12 days). Needles with attached egg masses were 
removed, placed in petri dishes, and sealed with parafilm to which a gauze square was 
attached (Grisdale 1970). Each dish was placed in a sleeve of black paper with a hole cut 
above the gauze square, at room temperature under direct flourescent lighting. The 
hatching, spinning, and molting process took 10-15 days. If no larvae were observed after 
3 weeks, the egg masses were discarded. 

INorth Central Forest Experiment Station, USDA Forest Service, 1992 Folwell Avenue, St. Paul, 
MN 55108. 
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Matings were scored as fertile if eggs were laid and they hatched. Sterile crosses 
produced no eggs or eggs that did not hatch. In 1981 we dissected females that did not lay 
eggs to check for spermatophore transfer. Proportions of fertile matings were compared 
among all categories by X2 tests. 

RESULTS 

Moths collected as larvae from host trees of the same species did not differ significantly 
in frequency of fertile matings (Table 1) from moths collected as larvae from different host 
tree species, An average of 60% (n = 248) of the crosses produced hatching eggs. 

Moths from different populations were more incompatible than moths from the same 
population in 1980. Sixty-five percent of the crosses involving individuals from the same 
population were fertile, while only 52% of the inter-population crosses were fertile (n 
248, X2 4,56, P < 0.(5). 

In 1981, crosses from only two populations were compared (Table 2). Although there 
was variability in the frequency of fertile matings, ranging from 52% to 68%, intra- and 
inter-population matings were not significantly different (Table 2). The biggest difference 
was between the crosses MN x NH and NH x MN, 68% and 52%, respectively. 

DISCUSSION 

Spruce budworm populations differ in frequencies of morphological (Harvey 1977; 
Stehr 1955, 1959; Lorimer 1982), physiological (Stock and Robertson 1980, Campbell 
1962), and electrophoretically detectable (Willhite 1979) traits. Differences among 
populations may represent selection by and adaptation to local forest conditions. For 
example, chemical composition of host species from the midwestern and eastern U.S. 
differ markedly (Wilkinson et al. 1971, Zavarin and Snajberk 1972), and surviving larvae 
from these localities would have utilized different diets of host tissue. However, in this 
study, matings of moths originating from spruce and fir within a population were as fertile 
as matings of moths from the same host species, even though balsam fir and white spruce 
are chemically distinct. . 

The reduction in fertile matings among insects collected from different populations in 
1980 was not repeatable in 1981. Perhaps the two populations chosen for the experiment in 
1981 were more compatible than other combinations of the four populations studied in 
1980. 

Table I. Fertile matings among moths collected as larvae from balsam fir and white spruce in 
1980. 

Fertile matings 
Cross (Ci X n ('1c ) 

spruce X spruce 59 58 
fir x fir 52 58 

Total, same species 111 58 

spruce x fir 89 61 
fir x spruce 48 62 

Total, different species 137 61 
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Table 2. Fertile matings among moths collected from Minnesota (MN) and New Hampshire 
(NH) in 1981. 

Cross (2 X 0) n Matings (%) Fertile matings (%) 

MNxMN 36 72 53 
NH x NH 55 69 60 

Total, intra-population 91 70 58 

MN x NH 47 77 68 
NH x MN 27 63 52 

Total, inter-population 74 72 62 

In summary, in one year we found a small reduction in reproductive compatibility 
among spruce budworm from different populations, measured by mating success in the 
laboratory. 
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SPRUCE BUDWORM WEIGHT AND FECUNDITY; MEANS, 

FREQUENCY DISTRIBUTIONS, AND CORRELATIONS FOR TWO 


POPULATIONS (LEPIDOPTERA: TORTRICIDAE) 


Nancy Lorimer and Leah S. Bauer l 

ABSTRACT 

Pupal weights and fecundities of spruce budworm from Minnesota had different means, 
coefficients of variation, and frequency distributions than spruce budworm from New 
Hampshire. The two variables were correlated in one of the populations but not the other. 

We collected pupal weight and fecundity information on spruce budworm 
(Choristoneura!umiferana (Clemens)) as part of a larger project to measure and document 
population differences in this economically important insect (Lorimer 1982, in press; 
Lorimer and Bauer 1983). We were interested in trait variabilities: how the weight and 
fecundity values were distributed about their means. and whether the distributions were 
different by population. Because size and egg number are commonly correlated in 
Lepidoptera and other insects, we also examined this relation. 

MATERIALS AND METHODS 

Spruce budworm late instar larvae were collected from Minnesota (MN) and New 
Hampshire (NH) in 1981, weighed within 24 h of pupation, and mated as newly emerged 
adults in single pairs. We counted all eggs at the end of the oviposition (Lorimer and 
Bauer 1983). Statistical analyses were performed with the MULTREG program at the 
University of Minnesota Computing Center. 

RESULTS AND DISCUSSION 

The mean values for weight and fecundity in the two populations corresponded rather 
well. Mean pupal weight of MN females was 24% greater than for NH females; MN mean 
egg number was greater by 21 % (Table 1). 

Frequency distributions for the two variables in the two popUlations were also dissimilar 
(Fig. 1). The frequency distributions for the MN data were both leptokurtic, i.e., more of 
the values were in the center and the tails than the intervening areas of the normal curve. 
All four bar graphs showed some skewness. Overall variation was greater in the NH data 
than in the MN data. The coefficients of variation for weight and eggs in MN were 16.9 
and 33.1, respectively, as compared with 25.3 and 42.8 in NH. 

The relation between the variables was also different by population (Table 1, Fig. 2). 
Only the females from NH displayed a strong correlation. Correlation coefficents for 
pupal weight and egg number in MN and NH were DAD and 0.78, respectively. 
Regression statistics were different (Table I), but this is a nearly meaningless comparison 
because of the insignificant correlation between weight and egg number in MN. 

The data do not suggest a reason for the lack of size-fecundity correlation for females 
from one of the populations. Correlations have been reported in the literature for this 

INorth Forest Experiment Station, USDA Forest Service, 1992 Folwell Avenue, St. Paul, 
MN 55108. 
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Table I. Statistics for pupal weight and fecundity of females from Minnesota and New Hamp
shire. 

Mean weight (mg) 
standard deviation 

Mean egg number 
standard deviation 

Correlation 
Slope 
Intercept 

105.7 
17.9 

148.2 
49.0 
0.40 
1.1 

32.4 

85.5 
21.6 

122.3 
52.4 

0.78 
1.9 

-39.2 

species. Campbell (1962) also explored the possibility that fecundity-pupal weight 
relations differed by population in the spruce bud worm. He found no significant 
differences among populations from Kenora, Cochrane, and Port Arthur, Ontario in 1950 
(Campbell 1962). The overall correlation coefficient was 0.72. Separate population 
coefficients were not reported. Thomas et al. (1980) listed fecundity-forewing length 
correlations of 0.65-0.82 from two populations of spruce budworrn in New Brunswick in 
1977 and 1979. Regression statistics for females collected from the same host species did 
not appear to differ significantly by population (Thomas et al. 1980). Mattson et al. (1982) 
found differences in spruce budworrn pupal weight-adult dry weight relations that 
apparently depended on the source of the insects. 

As in all insects, traits such as size and fecundity are variable in the spruce budworm, 
and their means, distributions, and relations commonly vary unpredictably from popula
tion to population. 

MN Females 
,----------------------, ,------------------------, 

Weight (mg) Eggs 

Fig. 1. Frequency distributions of pupal weight and numbers of eggs per female for spruce budworm 
collected as late instar larvae from Minnesota (MN) and New Hampshire (NH). 
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Fig. 2. The relation between pupal weight and fecundity (number of eggs laid) in spruce budworm 
from Minnesota (MN) and New Hampshire (NH). Each • represents a single female. 
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SIMULATION OF HOW JACK PINE BUDWORM (LEPIDOPTERA: 

TORTRICIDAE) AFFECTS ECONOMIC RETURNS FROM JACK PINE 


TIMBER PRODUCTION IN MICHIGAN1 


Jan P. Nyrop2, Jeffrey T. 0lson3 , Daniel G. Mosher", and Gary A. Sirnmons5 

ABSTRACT 

The impact of jack pine budworm on economic returns from jack pine timber 
production in Lower Michigan and management actions that might be taken to reduce this 
impact were evaluated with a simulation model. Results indicate that current jack pine 
rotation ages arc excessive and should be reduced. Insecticide application is not a viable 
strategy for reducing jack pine budworm impact. 

Forest managers often make decisions to prevent or suppress pest-caused damage that 
could reduce economic returns. In these situations, forest managers need the tools and 
information to make the decisions that would minimize economic injury. For this pest
caused effects are expressed in relevant economic terms and potential actions are evaluated 
by their costs and expected benefits (Leuschner and Newton 1974). This information 
requires a knowledge of the growth and value of pest-damaged and undamaged stands 
through the length of a management rotation. Often, however. such information has been 
based on pest damage assessments which have enumerated numbers of trees killed or have 
measured short-term growth reductions. Such measures often exaggerate losses and may 
lead to erroneous management decisions (Mattson and Addy 1975, Miller et al. 1978, 
Waters and Stark 1980). 

While data are rarely available for comparing damaged and undamaged stands, with 
systems analysis and modelling, comparisons can be made. A system is a set of 
interconnected elements organized toward a goal or set of goals. A model is an abstraction 
of a system. While models are usually simpler than the real system they mimic, they can 
predict the behavior of a complicated and poorly understood system. They allow us to 
study a complex system under conditions we are unable or would never want to create in 
the real world. Also, when a management scheme for a particular system has been 
established, we can use models to optimize this management by adding some value 
judgments. 

Models of systems and systems analysis must be objective-oriented. Therefore, the first 
phase of systems analysis is to fonnulate a statement of the problem to be solved. This 
statement must include the criteria used in evaluating system performance (Manetsch and 
Park 1979). 

The problem we sought to solve was how to minimize the economic impact of jack pine 
budworm (Choristoneura pinus Freeman). This insect regularly defoliates large acreages 
of jack pine (Pinus banksiana Lamb.) in Michigan, resulting in growth loss and tree 
mortality. The criteria for evaluating system performance were economic retums on 
investments in jack pine timber production. 

lThis article is published as Michigan Agricultural Experiment Journal Article No. 1035 L 
2Department of Entomology, Michigan State University. Present address: IPM Programs, New 

York State Agricultural Experiment Station, Geneva, NY 14456. 
3Michigan Department of Natural Resources, Forest Management Division. Present address: Boise 

Cascade Southeast Timberlands, 183 South Coit Street, Florence, SC 29502. 
4Michigan Department of Natural Resources, l'orest Management Division, East Lansing, MI 

48823. 
5Depamnent of Entomology, Michigan State University. East Lansing, MI 48824. 
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MODEL DESCRIPTION 

The system was divided into three discrete elements: (1) stand growth, (2) budworm 
dynamics and impact, and (3) evaluation of timber investment returns as influenced by the 
first two components. Figure 1 portrays the interrelationships of these elements. System 
dynamics were simulated with a Monte Carlo procedure, i.e., randomness within and 
between runs, being incorporated into the values of system parameters to estimate 
uncertainty in system performance. Basic model structure is presented in the following 
text. Details of the model are given in the appendix. 

Stand Growth. Jack pine growth was simulated with a nonlinear deterministic stand 
growth model based on data collected in Lower Michigan. 6 In a deterministic modeL all 
parameters are assumed constant. Independent variables were site index, basal area. and 
stand age. The model requires a minimum stand age of 20 years. The current year's basal 
area was calculated by adding basal growth to the previous year's basal area. Height was 
determined from the site index and stand age. Volume was a function of basal area and 
height. 

Jack Pine Budworm. The jack pine budworm component was modelled by generat
ing two stochastic variables: (I) the time interval between budworm outbreaks. and (2) the 
effect of budworm defoliation on jack pine growth. Stochastic variables are defined by a 
probability distribution and, therefore, are not constants. They were used to determine the 
effect of variability in these parameters on system output. Representing the budworm 
component as two stochastic variables is a simplification; however, it adequately captures 
the important properties of this part of the system. 

The expected time interval between budworm outbreaks (10 years) was based on ca. 40 
years of data collected by the Michigan Department of Natural Resources (.:\fDNR). The 
distribution of time periods between outbreaks was described by an exponential distribu
tion (used to portray time intervals between random events). 

The impact of bud worm defoliation was recorded as a percentage reduction in basal area 
growth. In addition, this impact was distributed over time beginning with the intiation of a 
budworm outbreak. Mean percentage reductions in basal area due to budworm defoliation 
were site and age dependent (Table 1) and were approximated from a number of sources 
(Benjamin 1953; Benjamin et a!. 1954, 1961; Graham 1935; Kulman et al. 1963; 

6Data source: Paul Laidly, USDA Forest Service, Northern Conifers Laboratory. Grand Rapids, 
MN. 

SITE INDEX JACK PINE ECONOMIC STAND VALUE AND 

STAND AGE-----. STAND GROWTH 
... 

RETURNS r-+ OPTIMAL... 
VOLUME SUBMODEL SUBMODEL ROTATION AGE 

~II'-OUTBREAK 
INTENSITY 

JACK PINE.. BUDWORM... 
CONTROL -.. POPULATION 

OPTIONS SUBMODEL 

Fig. 1. Conceptual model for the jack pine-jack pine budwonn system. 
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Table L Mean annual loss due to budwOffil defoliation by site and stand age. Loss is based on 
growth reduction and mortality. 

Site index Stand Mean loss 

40 
40 
50 
50 
60 
60 

< 50 
> 50 
< 50 
> 50 
< 50 
> 50 

17% 
20% 

7% 
10% 
5% 
6% 

MacAloney and Drooz 1956). The Poisson distribution was used to describe the dispersion 
of growth reductions since no evidence suggested another distribution. 

Returns on Timber Investment. Maximum rotation age was selected as the point in 
time when returns on timber investments were maximized. Establishment costs for 
existing stands are historic and are irrelevant to alternate courses of action. 

The optimum age to harvest existing stands was set at the point in time where the 
opportunity cost of holding the stand one more year equaled the stand value if harvested in 
the beginning of that year. Mathematically. this is expressed as: 

DISVALN + 1 DlSVALN=O 
where DIS VAL is the discounted present worth of timber of stand age N. 

Discount rates were set equal to the rate of return that the MDNR anticipated for jack 
pine reforestation investments. These rates of return are site-specific and are based on 
planatations of 800 trees per acre. All returns, or real returns, were adjusted with the effect 
of inflation removed. The rates used are: site index 40-1.4%, site index 50-2.67%, and site 
index 60-4.00%. 

Prices for stumpage were based on the price function: 
PRICE = 6.15 + .39 VOL = 0.65) 

where VOL is the volume per acre in cords. This function was determined from MDNR 
auction sales. 

SIMULATION RESULTS 

The model was used to answer two questions: (1) Are current jack pine management 
strategics optimal when timber is the major objective and jack pine budworm outbreaks 
are expected? (2) Are insccticide applications to reduce jack pine budworms economically 
justifiable? Simulations were begun with a stand age of 30 years and basal areas ranging 
from 60 to 120 feet2 per acre. Age 30 was chosen as the initial age since it is only beyond 
this point that stands approach merchantability and are susceptible to bud worm damage. 
Twenty-five Monte Carlo runs were executed for each simulation. 

Recommended economic rotations for jack pine by site in Michigan's Lower Pcninsula 
for Forest Management Division Lands are site index 40, 70 years; site index 50, 60 years; 
and site index 60, 45 to 50 years. These recommendations were made without considering 
jack pine budworm as a component of the forest management system. Simulation results 
indicated that these recommended rotations are excessive when budworm is considered. 

Model-determined optimal rotation ages (ORA) for defoliated and non-defoliated 
stands are portrayed in Figure 2. The ORAs for the non-defoliated stands correspond 
closely to currently recommended rotations. However, when further realism is added to 
the system by considering the effects of bud worm defoliation, the ORAs are greatly 
reduced. The effect is more pronounced on the poor sites because poor sites have greater 
budworm susceptibility (Batzer and Millers 1970), and interest ratcs are higher on the 
better sites, hence, economic rotations are shorter on these sites regardless of budworm 
effects. 
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Model sensitivity to budworm-induced growth reduction was examined by reducing 
growth loss rates by 25%. This value was selected based on the variability of reported 
impact due to budworm defoliation from which growth reduction values in the model were 
determined. Optimal rotation ages computed with these new rates are compared in Figure 
3 with the ORAs of defoliated stands taken from Figure 2. Reducing the growth 105s rates 
by 25% did not produce large changes in the ORAs. In fact, as shown by the overlap of 
confidence intervals in Figure 3, most means are not significantly different at a 95'7.: 
confidence level. This suggests that the system is not highly sensitive to these rates and 
efforts to better determine these parameters may not be warranted. 

The economic effectiveness of reducing budworm impact through insecticide applica
tion was investigated by comparing the volumes at ORA for a control and no-control 
strategy. Since the ORA is the point where no additional value is added to the stand. the 
stand with the greatest volume at rotation is the most valuable. Under the control scheme, 
a cost of $10 per acre was incurred whenever a budworm outbreak occurred. This amount 
"''as based on actual costs per acre in similar production ecosystems to cover both indirect 
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Fig. 3. Comparison of optimum economic rotations for jack pine on sites of index 40.50 and 60 with 
full budworm impact (0) and impact reduced by 25 percent (D). Overlap of 95% confidence 
intervals indicated by cross hatch. 

and direct costs.? We assumed that an insecticide application reduced the budworm
induced growth loss by 95%, because (I) an insecticide application probably will not kill 
all budworms, and (2) some damage will occur before the outbreak is detected and control 
measures are initiated. We felt this value (95%) represented a "best-case scenario" and 
was used to maximize the benefits of an insecticide application. The simulation showed 
that insecticide application is not cost effective, since volumes are greater under the no
control strategy (Fig.4). 

DISCUSSION 

The management of any system can be classified into two broad categories. First, 
controllable inputs of a system may be manipulated to produce desired outputs. Second, 
given certain inputs, the system may be redesigned to produce a set of desired outputs. For 
crop-pest systems, the first approach is portrayed by manipulating pest-host interactions 
through insecticides. The design approach is more attractive ecologically, and often 
economical, as shown in the jack pine-jack pine budworm system. 

Simulation results indicated that the rotation age on all sites should be reduced. On site 
40, however, a rotation of 45 years may not produce a merchantable stand under current 
pulp-stick harvesting methods. Two approaches may minimize budworm-induced losses 
on these sites. First, an alternate harvesting method such as whole tree chipping might be 

7Data source: Greentree Consultants, Inc. P.O. Box 27125, Lansing, MI. 
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Fig. 4. Comparison of volumes at economic rotation for jack pine on sites 40, 50 and 60 with and 
without insecticidal control of jack pine budworm. 

adopted to shorten the rotation age. Second, since jack pine production on these sites is at 
best a marginal endeavor, new stands should not be propagated on these areas with the 
intent of maximizing returns from fiber production. Timber revenues could be maximized 
on the better sites, with poorer sites being devoted to uses such as recreation or wildlife 
habitat. This is compatible with a key value approach to forest management. 

Rose (1973) also recommended reduced rotation ages and intensified jack pine 
management after evaluating a complex jack pine-jack pine bud worm model. The fact that 
we reached conclusions similar to Rose's supports both his and our results. Equally 
important, though, is the contrast between Rose's complex and our simpler approach to 
modelling these systems. 

Broadly speaking, models can take two opposite, yet complimentary, forms: a black 
box or input-output form, and an internally descriptive form. In the first. information 
acquired from the data is developed into a model. In the latter, existing theory is used to 
develop a model which is then tested against experimental data. We used a black box 
approach to represent the major components of the system (i.e., stand growth and 
budworm dynamics). These black box models were then tied together in descriptive form 
to portray system behavior. 
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Fig, 5. Approximate frequency and cumulative frequency curves of growth reduction due to jack pine 
budworm defoliation, 

Attempts to comprehensively model all the complexities of a system are futile, since 
such models are rarely used due to extreme data requirements, unending debugging 
problems, and nonexistent validation criteria (Clark et al. 1979). Modellers should strive 
for an economical model that retains system response to management variables. Such 
models usually are adequate for making management decisions. 
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APPENDIX~MODEL EQUATIONS AND DERIVATIONS 

Stand growth 
The following equations were used to compute jack pine stand growth: 

BG = .276S1 63 (2.718exp (-10.872) exp ( 29.18/SA»(1+.056BAJ-.OOO358BA= 
BAj~1 = BG+BAj 
HT S1(1.677 (1.8063(2.718exp( .0196SA»» 
VOL .003958HT(SA) 

BG = Basal growth SA Stand age 

BA Basal area SI = Site index 

HT Height VOL Volume 


Jack pine budworm 
The time interval between budworm outbreaks was described by a truncated exponential 

distribution having a mean of 10 years and truncation points of 6 and 15 years. A random 
variable XI from this distribution may be generated using the inyerse transformation 
method as: 

Xi - ux(!ml ) 

where u,is a desired mean and rj is a uniformly distributed random yariate between I) and 1 
(Manetsch and Park 1974). 

Jack pine. growth reduction following budworm defoliation was modelled as a time 
distributed process. Total growth loss from a budworm outbreak was described by R. In 
addition. YR(t) was a set of variables describing growth reductions in the years during and 
following a bud worm attack such that: 

n 

L YR(t) = R 

t= I 

Each YR(t) was thought of as a time-delayed proportion of R. An appropriate m(xlel of 

this process is the series of differential equations: 

ill __k_(R(t) rl (t»
ldt -DEL 

where r i = a set of intermediate rates and r, YR (Manetsch and Park 19"'.+ I. The 
constant DEL was the expected value of the transit time of an entity through the process 
(Manetsch 1966). In this equation, it was the mean length of time a tree suffered reduced 
growth due to budworm defoliation. The parameter k specifies a member of the Erlang 
familv of densitv functions that describe the distribution of transit times. Csing informa
tion from Kulm~n (1971) and Kulman et al. (1963) the distribution of defoliation effects 
was described by an Erlang density function with k = 2 and a mean (DELl of .+. These 
relationships are shown in Figure 5. 

The total budworm-induccd growth loss (R) was described with a Poisson distributed 
variable. A discrete random variable Xl may be generated by finding x, such that: 

P(Xi _d < rl < P(Xi) 
where r; is a uniformly distributed random variable between 0 and I and P(x,) is the desired 
cumulative distribution function. In this case p(x,) is the Poisson distribution. The site and 
age dependent means for this distribution are presented in Table 1. 
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A NOTE ON THE NESTING OF MIMESA LUTARIA 
(HYMENOPTERA: SPHECIDAE) 

Frank E. KurczewskP and Mark E O'Brien2 

ABSTRACT 

Five nests of Mimesa lutaria (Fabricius) were excavated and studied at Cranberry Lake, 
S1. Lawrence County, NY. The nests were shallower than those of other species previously 
studied, yet the tumuli were large and conspicuous. An average of about 11 adult and 
nymphal cicadellids were stored in a cell, except for one cell that held five Delphacodes 
sp. (Delphacidae). 

The genus Mimesa is, biologically speaking, one of the most poorly studied genera of 
Nearctic Sphecidae (Finnamore 1983). Nesting behavior information is available for only 
three of the 36 American species: M. lutaria (Fabricius) ( M. basinifa Packard) 
(Spooner 1948, Krombein 1961, Kurczewski and Lane 1974); M. cressoni! Packard 
(Kurczewski and Lane 1974); and, M. ezra (Pate) (Williams 1913). Only M. cressonii has 
been studied in detail. Much of the information on M. Iutaria is scant. Spooner (1948) 
noted three genera of cicadellid prey in Great Britain. Krombein (1961) collected two 
females with prey in Maryland. Kurczewski and Lane (1974) presented data from 21 fully 
provisioned cells of five nests in central New York. The data we have gathered in our 
recent study of M. Iutaria are so different from those of previous studies that we have 
decided to record this information as part of the picture of the ethology of species in the 
genus Mimesa. 

OUf study of M. lutaria was made on a sandy road and a sandy-clay path at the 
Cranberry Lake Biological Station of the College of Environmental Science & Forestry in 
St. Lawrence County. NY during 21-25 July 1980 (see O'Brien and Kurczewski [1979, 
1980, 1982] for further description of habitat). Females of M. Iutaria were nesting at the 
periphery of a much larger nesting aggregation of Alysson conicus Provancher. 

We excavated five nests of M. Iutaria, including an old, 1O-celled one and a recent, 7
celled one. Based upon the contents of the former nest this species must have been nesting 
actively at this locality in early or mid-July. The nest entrances and burrow diameters 
averaged about 3 mm. Tumuli surrounding the entrances of active nests measured 1.6-2.0 
cm wide and 3.5-4.2 cm high; smaller tumuli surrounded the entrances of burrows under 
construction. Completed burrows proceeded vertically for a short distance and then 
coursed obliquely downward at a 45° angle or less to the surface or nearly horizontally; 
two such completed burrows were 15 and 19 cm long. The cells were located along the 
burrows or near the burrow termini at depths of from 3.6 to 6.8 (x = 5.4, n 18) cm 
beneath the surface. They averaged about 6 by 8 mm in height and length, respectively. 

From 5 to 18 (x 10.9, n = 7) prey were found in the fully-provisioned, individual 
cells of one nest. Most of the prey in the cells were placed head inward and many were 
ventral side upward but some were dorsal side upward. The egg-bearing prey was laid 
head inward, usually venter up, at the end of the cell. The egg was affixed to one of the 
prey in the genus typical position (see Kurczewski and Lane 1974), 

Prey collected from the provisioning females or their cells consisted of adult and 
nymphal Cicadellidae as follows: Oncopsis variabilis (Fitch), six; Empoa albicans Walsh, 

I Department of Environmental and Forest Biology, S, U. N. Y. College of Environmental Science & 
Forestry, Syracuse, NY 13210. 

2Insect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI 48109. 
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40. We recorded five Delphacidae (Delphacodes sp.) from one cell. Prey from individual 
cells tended to belong to a single species. One cell in a 7-celled nest contained a larval 
sarcophagid (Miltograrnmini) among the prey. 

DISCUSSION 

Kurczewski and Lane (1974) observed M. lutaria (as M. basirufa) nesting from late 
June to late July at Selkirk Shores State Park, Oswego County, NY, in the vertical bank of 
a sandpit. They thought it would be "enlightening" to know whether or not this species 
constructs a turret around its entrance, as does M. cressonii, when nesting in flat sand. Not 
only is there a turret surrounding the entrance to the nest of M. lutaria in flat sand but it is 
larger and more conspicuous than that of M. cressonii which constructs much deeper 
nests. 

It is virtually impossible to compare the nest architecture and dimensions of our 
population of M. lutaria with those from Kurczewski and Lane's (1974) study because of 
the diversity in study areas (flat sand vs. sand cliff). The cells of this species from our 
study were much shallower than those of M. cressonii (see Kurczewski and Lane 1974). 
Nests of another sphecid nesting at Cranberry Lake, Crabro advena Smith, were also 
considerably shallower than nests of C. advena from other areas (O'Brien and Kurczewski 
1980). In both M. lutaria and C. advena the shallower nests at Cranberry Lake may be 
related to a compacted organic soil layer, 3-10 cm beneath the sand surface. 

Kurczewski and Lane (1974) found fully provisioned cells of M. lutaria to contain from 
two to six prey per cell, whereas we noted from five to 18 smaller prey per cell at 
Cranberry Lake in cells of approximately the same size. Had Kurczewski and Lane's 
(1974) study not been made two or three weeks earlier than ours we might have been able 
to associate this difference with the later growing season in the Adirondacks. 

Habitat differences seem to be largely responsible for the different species and genera 
of cicadellid prey reported for M. lutaria. Spooner (1948) noted Macropsis drescens 
(Fabricius), Oncopsis jlavicollis (Linnaeus), O. rufusculus Fieber, and Empoasca smarag· 
dula (Fallen) in Great Britain; Krombein (1961), Macropsis viridis (Fitch) and Idiocerus 
sp. in Maryland; and, Kurczewski and Lane (1974), Oncopsis variabilis (Fitch). O. 
sorbrius (Walker), and Idiocerus sp. in Oswego County, NY. Both M. lutaria and an 
unrelated sphecid, Alysson conieus, nesting at Cranberry Lake, were capturing and storing 
Empoa alMeans in their cells. 
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OBSERVATIONS ON NORTH DAKOTA SPONGES (HAPLOSCLERINA: 
SPONGILLIDAE) AND SISYRIDS (NEUROPTERA: SISYRIDAE)l 

Ralph D. Stoaks2, Joe K. NeeP, and Richard L. Post" 

ABSTRACT 

Factors influencing occurrence, distribution, and ecology of sponges and sisyrids are 
discussed, with emphasis on northeastern North Dakota. New state records for North 
Dakota sponges, Eunapius JragUis Leidy and Ephydatia fluviatilis L. and the sisyrids, 
Sisyra vicaria (Hagen) and Climacia areolaris (Hagen), and new county records for C. 
areolaris in northwestern Minnesota and Eunapius fragilis in northeastern North Dakota 
are reported. A rare association of the parasite, S. vicaria with the host, Ephydatia 
fluviatilis is also reported. Some physicochcmical relations of Eunapius fragilis found in 
the Forest River, North Dakota, are discussed. 

Little is known about freshwater sponge ecology and pollution tolerance. This is the 
first study of sponges and sisyrids in North Dakota. Literature on environmental tolerance 
of freshwater spongcs has been summarized by Harrison (1974). 

Much of the data in this paper were ohtained from occasional samples of Forest River 
headwaters when limnological features of riffle dwelling aquatic insects were investigated 
in 1969-1971 and during a survey of Ttichoptera in the North Dakota Garrison Diversion 
Area in 1968. At present limnological data are available from North Dakota sponge 
habitats only from the Forest and Turtle rivers. A long term investigation of the limnology 
of the Turtle River is being monographed by 1. K. Nee!. 

Most of our collections were made east of the Missouri Couteau (Fenneman 1938, Fig. 
I). The Drift Prairie and the Red River Valley were covered by continuous ice sheets of the 
Wisconsin period. The glaciated topography of the Drift Prarie is a source of numerous 
shallow water hahitats, many of which are moderately to highly alkaline. The alkalinity, 
hydrogen ion, and hardness of the water of these habitats is primarily derived from 
carbonate rocks of glacial origin and pre-glacial sedimentary formations. 

METHODS 

Submerged substrates with sponges attached were taken to the laboratory in water 
samples from the collecting sites. Specimens were detached, fixed, preserved, and 
identified from gemmules as suggested by Jewell (1959). 

Larval sisyrids were collected from sponges on the surface of decomposing logs. 
Sisyrids were preserved using the methods of Brown (1952). 

Our collections were from clear streams, but sloughs and small lakes were often turbid 
because of winds. Collections were in depths of 0.6 m or less. We examined submerged 
and semi-submerged roots, rock, stones, rubble, sticks, logs, and stumps in shallow water. 
In this paper nomenclature follows Penney and Racek (1968) and Poirrier (1974). 

lApproved by the Director, North Dakota Agricultural Experiment Station as Journal Article 1230, 
and partly based on a dissertation by the senior author, approved by the Entomology Department, 
North Dakota State University. 

28047 El Capitan Dr., La Mesa. CA 92041. 
3Biology Department, University of North Dakota, Grand Forks, ND 58202 
4Entomology Department, North Dakota State University, Fargo, ND 58205 
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Fig.1. Distribution of Sponges and Spongilia - fJ ies in North Dakota 

Sponges Spongllla-flies 

X = Ephydatia fluviatilis 6, Climacio oreolaris 

o = Eunopius frogilis ... = Sisyra vico'::J 

• Sponges unidentified - No gemmules 

Specimens of Climacia areolaris collected by George and Jeannette Wheeler. R. E. 
Jacobsen, and 1. K. Nee! were examined from the Invertebrate Collection of the Lni\'ersit\' 
of North Dakota Biology Department. Field specimens of sponges and sisyrids of J. K. 
Neel were deposited in the above collection. Sisyrids collected by the senior author were 
deposited in the North Dakota State Insect Reference Collection at .\'orth Dakota State 
University. 

RESULTS AND DISCUSSION 

Gemmules were not found until after late July or early August of 1968. 1970. and 1971. 
presumably because of delayed maturation caused by low water temperatures. decreasing 
amounts of precipitation, or reduced water volume (droughts occurred in summers of 
1969-1971). Not all sponges with gemmules were attacked by sisyrids: EUllapius fragilis 
was unparasitized in the Forest and Elm rivers. We do not know if the sisyrids we collected 
were attacked by hyperparasitic wasps since we observed none of the susceptible. non
aquatic, sisyrid stadia. In many instances sponges had no gemmules and were un
parasitized by sisyrids. The appearance of gemmules and mature sponges does not always 
imply sisyrid presence. White (1976) found many mature sponges with gemmules. but 
few sisyrids were present. 

Information on sisyrid environmental tolerances is limited to short comments by a few 
workers: Roback (1974), Matteson and Jacobi (1980), and Davis (1980). We noted that 
water quality of Red River Valley streams (Cvaneara 1966, Cvancara and Harrison 1965. 
and Cvancara et a!. 1972, U.S. Geo!. Survey 1971b) is similar to sisyrid tolerances 
described in the above papers. We conclude from our data that sisyrids tolerate the 
alkaline and mineralized waters of Red River Valley. Our data exceed the high range of 
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tolerance of EunapiusJragilis (Table 1) for alkalinity, hardness, phosphate. and ammonia 
nitrogen; other values in Table 1 are similar to ours, except Forest River sponges tolerated 
slightly colder water. We also found sponges (species unknown) surviving higher levels of 
phosphate (Table 1) than any sponge in a summary by Harrison (1974). 

Counties with sponges having no gemmules or immature gemmules in early summer of 
1968, 1970, and 1971 are shown in Figure l. Eunapius Jragilis will probably be 
discovered in most of these counties considering its cosmopolitan dispersal in North 
America (Old 1931, Penney and Racek 1968). Eunapius Jragilis occurs in South Dakota 
(Vaughn and Brummel 1963), and in many suitable habitats in eastern South Dakota and 
western Minnesota. These states share a similar climate, topography, and glacial history 
with North Dakota. 

Papers by Parfin and Gurney (1956) and Poirrier and Arceneaux (1972) suggested that 
S. vicaria is not restricted to Eunapisfragilis. Poirrier (1974) associated S. vicaria with 
Ephydatia fluviatilis. Why in our study these parasites attacked sponges in only a slough 
near Juanita Lake, North Dakota, and why only Ephydatia fluviatilis, is unknown. 

Sponges collected in the Forest and Elm rivers were from riffle areas that normally had 
fast or moderately fast discharge, but sisyrids were never collected from sponges in fast 
water unless the river was at low stage. Each branch of the Forest River had at least one 
record of sponges. Flooding during ice melt probably well distributed gemmules which 
accounts for the sudden appearance of sponges in the Forest River and English Coulee in 
spring. Eunapius Jragilis was found on one headwater branch of the Forest River and 
probably is widely distributed in its watershed but it may not be the only species present 
for three reasons: (1) most samples of our stream sponges were not identified; (2) 
Eunapius fragilis is commonly in the same stream with other species of sponges (Pennak 
1978); and (3) SpongiUa lacustris L. has been found in a midwestern riffle stream 
(Matteson and Jacobi 1980) and is known to occur in nearby waters of the Red River 
Valley in Minnesota (Rollins 1973) and South Dakota (Vaughn and Brummel 1963). 
Sponges were collected from the headwaters of the Middle Branch of the Forest River in 
May although peak discharge was in April 1971 when the U.S. Geological Survey (l971a) 
gage near Fordville recorded 64.8 m3 /s and ice masses scoured the stream bottom. During 
sponge collections the Forest River had moderate alkalinity, calcium and magnesium 
hardness, and hyrdogen ion values, but variable to high nutrient concentrations. In late fall 

Table I. A comparison of water quality of Eunapiusfragilis habitat in the Forest River, North 
Dakota, with field studies summarized by Harrison (1974). Data are presented in mglliter 
unless otherwise indicated. 

South Branch Other Rivers 
conditions Forest River Harrison 

Hydrogen Ion 7.0-8.4 4.2-9.2 
Alkalinity 

methyl orange 166-346 14.7-230 
phenylpthalein 0-6 0 

Thtal hardness 170-310 8-200 
Calcium hardness 150-220 0-30 
Magnesium hardness 6O~·120 4.3-10.5 
Oxygen 5.2-9.0 2.5-10.7 
Oxygen percent 

concentration 50-94 data not given 
Phosphate 0.00-2.92a 0.01-0.1 
Ammonia nitrogen 0.0-0.5 0.001-0.169 
Temperature in °C 3.0-29.9 11-34 

'Orthophosphate. Highest level of phosphate (orthophosphate) was on Middle Branch of Forest River 
at site with unidentified sponges 6.49 mglliter on 17 October 1970 (Stoaks 1975). 
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1970 orthophosphate values had greatest peaks with an upper range of 6.49 mg/liter on the 
Middle Branch (Stoaks 1975). The South Branch had an upper orthophosphate value of 
2.92 mg/liter at the same location where Eunapius fragilis was collected, but not on the 
same date when the sponge was collected. Cvancara et al. (1972) reported orthophosphate 
values ranging from 0.11 to 0.95 mg/liter in the Forest River, but had few water analyses 
and no sponge collections. 

Considering biological, developmental, and ecological factors essential for sisyrid 
colonization, their absence in Forest River sponges is not unusuaL The mechanical action 
of the rushing water in riffles of Red River Valley streams and rivers hindered sisyrid 
development except in backwaters or during low stage in late summer and fall. 

An analysis of our data indicates that C. areolaris larvae can be collected as early as 
mid-May (Table 2) and as late as mid-October, which suggests several broods per year in 
spite of long and severe winters and extensive droughts which characterize the study area. 

Matteson and Jacobi (1980) reported sisyrids in a shallow Wisconsin stream. while our 
data and intensive field studies of sisyrids by others have involved lakes, reservoirs, 
sloughs, and streams at low discharge (Brown 1952, Isom 1968, Poirrier 1969. Poirrier 
and Arceneaux 1972, White 1976), all standing or slow water environments. Head\\'ater 
riffle streams feeding the Red River of the North provide an unstable emimnment for 
sisyrid colonization and survival except at low discharge and during non-winter months. 
During ice and snow melting, Red River Valley streams scour the substrate and 
enormously increase in discharge and turbidity. Stream pools and back-waters are compati
ble with the sisyrid life cycle, but lakes, reservoirs, and sloughs in eastern ~orth Dakota 
are more inviting habitats for sisyrids than streams because they are not subject to extreme 
and sudden changes in discharge, scouring, and turbidity. 

Table 2. Records of North Dakota and Minnesota sponges and sisyrids. 

Type 
Location Date & of 

Collector Record 

English Coulee at Fox 
Bridge, Grand Forks, 
Grand Forks Co., ND, 
15 May 1957, G. & 1. Wheeler 

State Climacia 
areolaris 

Middle River, Old Mill 
State Park, Marshall 
Co., MN, 4 Aug 1967, 
1.K. Neel 

County Climacia 
areolaris 

Slough 1.9 km E. Grace 
City, Foster Co., ND, 
31 July 1968, 
R. D. Stoaks 

State 

State Ephyclatia 
jluviatilis 

Sisyra 
vicaria 

Forest River, S. Branch, 
5.8 km S of Fordville 
Walsh Co., ND, 
II July 1971, R. D. Stoaks 

County Eunapius 
fragilis 

Elm River 1.9 km NW 
Grandin, 1l:aill Co., ND 
16 Aug. 1968, R. D. Stoaks 

State Eunapius 
fragilis 
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INSECTICIDE EFFECTS ON NORMAL DEVELOPMENT AND HATCH 
OF EMBRYOS OF PARATANYTARSUS PARTHENOGENETICUS 

(DIPTERA: CHIRONOMIDAE) 

Richard L. Andersonl and Pam Shubat2 

ABSTRACT 

Simple, low cost methods are needed to determine the effect of pesticides on non-target 
aquatic organisms. In this report, embryos of Paratanytarsus parthenogenetic us were 
exposed from deposition to hatch to five pesticides. Four of the five pesticides affected 
development or hatch only at concentrations which exceeded 96-h LC50 values of other 
non-target invertebrates. One pesticide, fenitrothion, affected hatch at 13 Ilgll which is 
similar to 96-h LC50 values for other aquatic invertebrates. Because of the low sensitivity 
of the embryo to pesticides, this method may not be a useful pesticide screening test for 
non-target invertebrates. 

The effect of pesticides on non-target aquatic macroinvertebrates has been documented 
in many reports. Generally, the reports describe exposures of immature insects or 
immature and adult crustaceans for 2, 4, and up to 28 days of continual exposure to the 
chemical. The animals used in these tests are often collected from natural habitats and 
only a few, such as chironomids or amphipods are routinely reared in the laboratory. The 
need for and expense of collecting and holding the animals in the laboratory, coupled with 
seasonal availability, are a major restraint of research whieh determines the toxicity of 
pesticides to non-target animals. Also, emphasis on a single portion of the life cycle does 
not provide a complete picture of the potential for unwanted effects. 

The effect of an insecticide on the embryonic developmental stage has not been 
extensively studied. Friesen (1979) used the eggs of the burrowing mayfly Hexagenia 
rigida MeDunnough in exposures to methoxychlor and found that the eggs were sensitive 
to methoxychlor and could be a useful toxicity test material. This study showed a potential 
for using embryological material for toxicity testing. However, this type of test is limited 
by the seasonal availability of eggs and the extended developmental times for many 
species. 

Chironomids provide life-cycle characteristics which remove the short-comings of other 
inseet orders and many may be candidates for a rapid screening method for determining 
toxicity. This report describes an egg exposure system and the results of exposures of the 
eggs of the chironomid Paratanytarsus parthenogeneticus to five pesticides. 

MATERIALS AND METHODS 

A colony of Paratanytarsus parthenogeneticus (Freeman) has been maintained at this 
laboratory for over 10 years. The laboratory life eycle of this insect has been recently 
described by Anderson (1980). A unique feature of the life cycle is the parthenogenetic 
mode of reproduction whieh is reflected in the specifie name. A detailed description of the 
insect is given in Sasa (1979). Routine rearing procedures are described in Anderson 
(1980). At temperatures of 20-22°C a life cycle is completed in about two weeks. 

IU. S. Environmental Protection Agency, Environmental Research Laboratory, Duluth, MN 
55804. 

2Center for Lake Superior Environmental Studies, University of Wisconsin-Superior. Present 
address: Department of Fisheries and Wildlife, Oregon State University, Corvallis, OR 97331. 
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Eggs are deposited on the surface of the water and immediately begin absorbing water 
which resl1lts in full sized eggs surrounded by a sticky sheath. The mass is cylindrical, 
contains up to 250 eggs, and can be as long as 5 mm. The eggs are arranged in a linear 
manner through the center of the sheath. This arrangement allows, with the use of a 
stereomicroscope, easy counting and monitoring of the embryo development. 

Exposure Procedure. One goal of these tests was to expose the eggs from deposition 
to hatch to simulate the extreme exposure situation. To accomplish this goal, freshly
emerged adults were collected from the rearing colony with a mouth aspirator and 
transferred to a 250 ml Erlenmeyer flask which contained about 75-100 ml of a pre
selected concentration of pesticide prepared in Lake Superior water. The flasks were 
checked at no greater than 60-min intervals. At each check, egg masses deposited in that 
time period were removed and individually transferred to 150 x 20 mm test tubes which 
contained about 10 m1 of the same water. The test tubes were placed in a water bath at 22°C 
for incubation. 

At 22°C, normal development is completed and hatching has begun within 52 h after 
deposition. In the exposures, control and exposed egg masses were usually assessed for 
development at both 24 and 48 h. The extent of development at each check was compared 
to the control and to a set of previously prepared normal development photographs taken at 
J-h intervals. Delayed development and hatch success were used as end-points. All 
assessments were accomplished using either a Zeiss Universal photo microscope or a 
Bausch and Lomb stereomicroscope. 

Toxicant Preparation and Analysis. Because the sensitivity of chironomid eggs to 
pesticides was unknown, each chemical exposure series started with a saturated or near 
saturated water solution. The saturated solutions were diluted with Lake Superior water 
and the dilutions were tested until a concentration was found that did not affect 
development or hatch. The saturated solutions were prepared using either a modified 
saturator (Veith and Comstock 1975) system or by mixing in lake water with the aid of a 
stirrer. No solvents were used in either method. 

Samples for analysis were taken for each pesticide and analyzed according to pro
cedures described by Thompson (1974). To determine the accuracy of the extraction 
procedures, known amounts of each pesticide were added to a control water sample before 
extraction. All reported values are based on measured concentrations not corrected for 
recovery. 

RESULTS AND DISCUSSION 

Five pesticides, representing three classes, were tested: a synthetic pyrethroid. AC 222 
705; two chlorinated, pentachlorophenol and endrin; and two organophosphate, 
fenitrothion and malathion. The data from these exposures show a wide range in 
sensitivity of the hatching process and a low sensitivity of the development process unless 
the embryos were exposed to unnaturally high concentrations. 

Fenitrothion was the only pesticide which showed deleterious effects at concentrations 
which approximate traditionally obtained 4-day LC50 values (Fig. 1). The highest 
exposure concentration that resulted in > 95% hatch was 13 Ilgll. The next concentration 
tested. 20 Ilgll, resulted in about 85% hatch. Concentrations greater than 20 !lgil resulted 
in a disruption of the hatch process and none of the fully developed larva survived. 

Concentrations of fenitrothion substantially higher than 20 Ilgll were tested and 
apparently normal development occurred until concentrations greater than 7400 flgll were 
used. Within the limits established by the concentrations tested, no partial effects were 
seen. At 7400 Ilgll, or less, 100% of the embryos developed normally but did not hatch. 
At 10,000 Ilgll, none of the eggs developed. Effects seen at the 24-h check included a 
drawing in of the vitelline membrane from the chorion, a loss of cellular integrity in the 
embryo, and a swelling of the chorion. 

The other organophosphate pesticide tested, malathion, did not show toxic effect until 
the concentration exceeded 350 Ilgll (Fig. I). No embryos hatched at 3500 Ilg/l. Because 
of the wide difference between 350 and 3500 I-lg/l it is not possible to define the exact 
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Fig, 1. Effect of fenitrothion, malathion, endrin and pentachlorophenol on hatch and development of 
eggs of P. parthenogeneticus, 

effect concentration. However, a conservative comparison of the safe (350 fJ,g/l) concentra
tion with data from 4-day exposures of other invertebrates (Johnson and Finley 1980) 
show that for malathion, the embryo exposure would not be a sensitive screening test. In 
96-h tests with 16 invertebrates, only two (Atherix variegata Walker and Asellus SL 
Hilaire) exeeeded 350 fJ,g/1. Eleven of the 16 species had 4-day LC50 values of IO fJ,gll or 
less. In our exposures, only four out of the 1534 eggs exposed had abnormal development 
so malathion, at concentrations up to 3500 flg/I, did not affect embryo development. 

TWo chlorinated pesticides were tested and pentachlorophenol was toxie at a lower 
concentration than endrin (Fig. 1). This was a surprising result because endrin has been 
shown to be toxic to fish and invertebrates at concentrations of I flgll or less in 4-day 
exposures (Anderson and DeFoe 1980, Grant 1976). The no-effect-on-hatching concentra
tion for pentachlorophenol was between 500 flg!1 which did not affect hatch and 1200 flg/l 
which resulted in only 19% hatch. Only 49% of the embryos developed normally at 2500 
fJ,g/l and > 93% developed normally at 1600 flgll or less. These pentachlorophenol 
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Fig, 2. Effect of AC 222-705 on hatch of p, parthenogeneticlis. 

concentrations are substantially higher than 4-day values for fish which range from 32 to 
205 IAgi1 (Johnson and Finley 1980). 

The synthetic pyrethroid AC 222 705 was the most toxic chemical tested (Fig. 21. At 
3.1 IAgll, 46% of the embryo hatched. At 0,55 IAg!l, the hatch was 90%. Although this 
pesticide was the most toxic, a comparison of our effect concentration with other fish and 
invertebrate 4-day exposure data show that the embryos were not particularly sensiti\'e, 
For example, the fathead minnow Pimephales promelas Rafinesque has a 4-day LC50 
value of 0,22/tgll and a predicted chronic no-effect concentration between 0.03 and 0,07 
IAg!1 (Spehar et aL 1983), No effect on development was seen at our exposure 
concentrations. 

The results of this study show that only one of the pesticides, fenitrothion. affected a 
critical developmental event at a concentration which was similar to that affecting sUf\'ivaI 
of other aquatic animals. Because of the low correlation between embryo-sensiti\'ity and 
4-day LC50 values of other aquatic animals, it is doubtful that this embryo exposure 
system would be useful as a surrogate test for determining the sensitivity of aquatic 
animals to pesticides, 

This embryo exposure technique may not be a sensitive test for pesticides, However. the 
chironomid is easy to culture, the eggs are easy to count, and development can be easily 
followed from deposition to hatch with simple equipment. These attributes of the system 
point toward its application to other toxicity situations, 
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ADDENDUM TO THE INVENTORY OF STORED GRAIN INSECTS 

IN MICHIGAN. 


Robert E RuppeP 

Additional species of stored grain insects have been found in Michigan since the 
inventory of such pests was published (Ruppel 1977). The additional species were 
primarily found through a study of insects in county elevators (Russell 1980) and through 
examinations of infested grains submitted for identification. The names of these insects 
are given in Table 1. The brown spider beetle and murmidius beetle were found in infested 
small grains, the European grain moth was found in stored soybeans and in ele\'ator trash. 
and the others were found in elevator trash. 

LITERATURE CITED 

Ruppel, R. E 1977. An inventory of stored grain insects in Michigan. Great Lakes 
Entomol. 10:243-244. 

Russell, H. L. 1980. An analysis of insect populations in residual grain in the county 
elevator ecosystem. M. S. thesis, Michigan State Univ. 186 p. 

Table 1. Additional insects found in stored grains in Michigan. 

Family Species Common Name 

Tenebrionidae 

Dermestidae 
Ptinidae 
Murmidiidae 

Tineidae 

COLEOPTERA 
Cynaeus angustus (Leconte) 
Tenebrio obscurus Fabricius 
Dermestes lardarius L. 
Ptinus c1avipes Panzer 
Murmidius sp. 

LEPIDOPTERA 
Nemapogan granella L. 

larger black flour beetle 
dark mealworm 
larder beetle 
brown spider beetle 
"murmidius beetle'" 

European grain moth 

aNot an accepted common name 

'Department of Entomology, Michigan State University, East Lansing, MI 48824. The author 
acknowledges the assistance of Barbara Parcells of Michigan Stale University in the identification of 
the insects reported here and of the many cooperators. especially personnel of the '\Iichigan 
Department of Agriculture, who sent in grain samples for study. 
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SPATIAL DISTRIBUTION OF JACK PINE CONES AND THOSE 

ATTACKED BY INSECTS' 


Aunu Rauf and D. M. Benjamin3 

ABSTRACT 

The middle crown and south quadrant of 6-m-tall jack pines, Pinus banksiana Lamb., 
produced significantly more cones than the rest of the tree. The number of cones attacked 
by Eucosma monitorana Heinrich was also highest in the middle crown and south 
quadrant. Laspeyresia toreuta (Grote) attacked the most cones in the middle crown. A 
positive, linear correlation existed between the number of cones attacked by inseets and 
cone abundanee per tree, indicating a response of the insect population to inereased food 
supply. 

Insects pests commonly infesting and causing serious economic loss to second-year 
cones of jack pine, Pinus banksiana Lamb., in Wisconsin include the following: a cone 
borer, Eucosma monitorana Heinrich; the eastern pine seedworm, Laspeyresia toreuta 
(Grotc); the webbing corieworm, Dioryctria disclusa Heinrich; the jack pine budworm, 
Choristoneura pinus pinus Freeman; a cone midge, Asynapta hopkins! (Felt); and the red 
pine cone beetle, Conophthorus resinosae Hopkins (Rauf et al. 1981). The spatial 
distribution and the relationship between attacks of the foregoing insects and cone 
abundance per tree are reported in the present paper. 

METHODS 

Fourteen jack pines were randomly selected in an open stand in the Little Rice area, 
Oneida County, Wisconsin, in late August 1980 after the inscct attacks had been 
completed. No additional attacks by L. tore uta were likely. The trecs were 5 to 6 m tall 
and 7 to 10 cm in dbh. Tree crowns were divided into lower, middle, and upper thirds. The 
crowns were also divided into north, west, south, and east quadrants with the aid of plastic 
ribbons radiating out from the base of the crown, along NE, SE, SW, and NW compass 
bearing (DeBarr et al 1975). Thus, each crown was divided into 12 cells. The cones were 
harvested with a pruner and placed in separate plastic bags according to their location on 
the crown. The number of undamaged cones and cones infested by specific insects were 
recorded in the laboratory. 

Analyses of variance were performed to test for differences in the distribution of cones 
and insect attacks among strata and quadrants. Duncan's New Multiple range test was 
applied to detenmne the statistical significant differences within strata and quadrants. A 
scatter diagram was used to relate the distribution of insect attacks among trees to cone 
abundance. 

IResearch supported by the School of Natural Resources, College of Agricultural and Life 
Sciences, University of Wisconsin-Madison; the U.S. Forest Service, North Central Forest Experi
ment Station, Forestry Sciences Laboratory, Rhinelander, Wisconsin Grant No. 13-696; the Indone
sian Higher Agricultural Education Project, Midwest Universities Consortium for International 
Activities U.S. Agency for International Development. 

2Fakultas Pertanian, Institut Pertanian Bogor (IPB), Bogor, Indonesia. 
lDepartment of Entomology, University of Wisconsin, Madison, WI 53706. 
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RESULTS AND DISCUSSION 

The number of cones differed significantly (P < 0.01) among strata (Table 1). About 2 
to 3 times more cones were produced in the middle crown than in the upper and lower 
crowns. Among cardinal directions, the south quadrant supported significantly (P < 0.05) 
more cones. The same distribution pattern was reported from other pines fHard 1964. 
DeBarr et al. 1975, Mattson 1979). 

The number of cones attacked by E. monitorana was significantly (P < 0.01) higher in 
the middle crown than in the upper and lower crown, and was significantly (P < 0.05) 
higher in the south quadrant. Attack by E. monitorana also tended to be higher in the 
middle crown of red pine (Barras and Norris 1969). Significantly (P < 0.01) higher 
numbers of cones attacked by L. tore uta were detected in the middle crown. but not 
among the quandrants. DeBarr et al. (I975) and Coyne (1968) also reported that 
Laspeyresia spp. did not favor any particular crown cardinal direction on southern pines. 
The number of cones damaged by the other insects (D. disclusa. A. hopkinsi. C. 
resinome. and C. pinus pinus) was significantly (P < 0.01) higher in the middle crown: no 
significant difference was detected among quadrants. In general, the distribution of cones 
attacked by insects follows the distributional pattern of the cones, i.e., the greatest number 
of cones attacked by insects occurred in those crown areas of highest cone concentration 
(Table 1). 

The number of cones per tree attacked by six insect species exhibited a significant I P < 
0.05) positive, linear relationship to cone abundance (Fig. 1). The correlation implies that 
52% of the variation in damage can be attributed to variation in cone abundance. 
Infestation percentage, however, was poorly (r -0.32) correlated with the number of 
cones per tree. These data agree with the studies on other pines (Lyons 1957. :\ferkel et aI. 
1965, DeBarr and Barber 1975, Mattson 1976), and suggest that although the number of 
cones attacked by insects increased as the number of cones per tree increased. the percent 
infestation decreased slightly with the increasing cones. Therefore. higher number of 
undamaged cones can be collected from trees harbouring marc cones. 
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Table 1. Spatial distribution of jack pine cones and frequency of insect infestations within 
the crown. 

Mean number of cones 

Items Cardinal direction Cmwn stratum 

N W S E Lower Middle 

Second-year cone 121.50a l 122.07a 194.G7b 121.36a l00.29a 290.00b 168.71c 
Attacked by: 

E. monitorana 15.14a 16.86a 33.29b 16.86a 21.43a 45.29b 15.42a 
L. toreufa 27.50a 27.64a 39.86a 29.64a 20.14a 67.21b 37.29c 
Other insects2 5.71a 7.79a 9.29a 7.29a 6.14a 17.21b 6.71a 

IWithin a row in each box, values followed by different letters are significantly different according to 

Duncan's New Multiple Range test, ex = 0.05 or 0.01. 

2D. disclusa, C, resinosae. A. hopkinsi, C. pinus pinus. 
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NEW STATE RECORDS OF CERAMBYCIDAE FROM MICHIGAN 
{COLEOPTERA)1 

D. C. L. Gosling 2 

Previously published lists of Cerambycidae from Michigan (Gosling 1973, Gosling and 
Gosling 1977) recorded 225 species from the state. Reassignment of Trachysida brevifrons 
(Howden) as a subspecies of Trachysida aspera (LeConte) (Linsley and Chemsak 1976) 
reduced the total by one. Recent collecting in St. Joseph County in southwestern Michigan 
and Marquette County in the Upper Peninsula has added three species to those already 
known from Michigan. 

Ropalopus sanguinicollis (Horn). Reported as attacking living Prunus spp. in northeastern 
North America, and previously thought to range west only as far as Ohio (Linsley 
1964). I took a single specimen in a Malaise trap, 8 July 1983, in the Huron Mountains 
of northern Marquette County. 

Clytoleptus albofasciatus (Castelnau and Gory). I have reared several series of specimens 
from dead Vitis rip aria , collected at Tamarack Lake in St. Joseph County. Adults 
emerged from early July through mid-August. The life cycle requires one year, and 
adults will reinfest old stems. 

'T.vpocerus deceptus Knul!. I have collected this species at three different localities in St. 
Joseph County, all in the oak-hickory habitat typical of dry-mesic wooded sites in this 
area. Adults are active from early through late July, but seem to be very localized. 
Specimens were collected from blossoms of Ceanothus americanus, Cephalanthus 
occidentalis, Daucus carota, and Rosa palustris. (Additional field observations were 
reported in Gosling [1981]). 
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THE FIRST RECORD OF DELPHACODES HAVANAEIN THE UNITED 
STATES (HOMOPTERA: FULGOROIDEA: DELPHACIDAE) 

Stephen W. Wilson' 

Delphacodes havanae Muir and Giffard has been reported from Guyana, Guatemala, 
Cuba (Muir and Giffard, Bull. Hawaiian Sugar PI. Assoc. 15:1-53, 1924) and Puerto Rico 
(Caldwell and Martorell, 1. Agric. Univ. Puerto Rico 34:133-269, 1950). 

I recently found one male specimen of this species among unidentified delphacids in the 
University of Missouri, Columbia, insect collection. The collecting data are as follows: 
Florida: Highlands Co" 2 Mi. So. of Childs, August 22-23, 1972, coIl. ], E. Carrel, 
Light Itap Hatch 623. 
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