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CANTHARIDIN AND INSECTS: AN HISTORICAL REVIEW
Daniel K. Young l
ABSTRACT
TIl.; defensive role played by cantharidin in meloid and oedemerid beetles has been well
OOc\l11lenti!d. However. several groups of insects are known to orient positively toward the
cberrrical or to the beetles which produce it: Miridae (Hemiptera); Pyrochroidae, An
thicidae ,Coleoptera): Ceratopogonidae, Anthomyiidae (Diptera); and Braconidae
tHymeoopteral. Literature citations are summarized for each of these taxa using current
nomencla.tun: and indicating the nature of the association.

\\rule re'.ie....ing literature pertinent to research on the systematics and bionomics of the
genus Pedilu..s IColeoptera: Pyrochroidae), an intriguing association with a blister beetle
I.\feloidael came to my attention. It involved the type specimen of P. impressus which
was foond attached to the side of a Meloe angusticollis (Say 1827).
SUb5.equent reading revealed that several groups of insects have been observed in
ass.ociatioo ....ith meloids. The primary stimulus involved in every case appears to be
cantharidm. the blister-causing compound evolved by the Meloidae as a cherrrical defense
mechanism. Although long thought to be a bicyclical monoterpene, recent research has
shown that famesol is the biosynthetic precursor of cantharidin (Sticher 1977). Thus,
cantha...Jdin mIN be considered a sesquiterpenoid derivative.
Cantharidin .... as first isolated from Lytta vesicatoria (L.), the green Spanish-fly, by
Robiquet in 18\0. The creature is actually not a fly at all but a rather common European
blister be.:etle, Beauregard (1890) stated that cantharidin was produced in the third pair of
serrrinal '.esi..:1es of the adult male and in the copulatory vesicle and ovaries of the adult
female. V,lrile bod! sexes contain the compound, data have been presented to suggest that
biosynthesis takes place primarily in the accessory glands of the adult male (Sierra et al.
19761. TIl.; compound may also be produced by the larval stages (Meyer et aL 1968), but
Sierra's groop found that cantharidin biosynthesized in males was transferred to females,
which were unable to biosynthesize cantharidin from any terpenoid precursors, The chem
ical is knov.n 10 o.."'CUf in all developmental stages of the majority of meloids analytically
examined 1~Ia~er & Johansen 1977, and references cited therein).
CIJeDOI: ! 18901 v.as probably one of the first to recognize cantharidin's probable
defensi\'e function. He noted that when provoked or attacked, Meloe proscarabeus L.
exuded C3IlI:baridin-containing hemolymph from the tibiotarsal articulations. He further
oIYs.en·oo !hat most reptiles and carnivorous insects disliked the substance intensely and
hypodJesized !hat such an effective means of defense might compensate for the short
elytra and general soft-bodiedness of Meloe and other vesicating species. Such an evolu
tiOIllll1 strategy is perhaps analogous to the repugnatorial stink glands of cantharids (Sule
1~91. anodler generally soft-bodied, "loosely-constructed" group. When applied to
certain ~"'t5, cantharidin reportedly acts as a potent nerve poison; its potential as an
insecti..ide has been discnssed by Gomitz (1937). Carrel and Eisner (1974) also demon
sl.IaIeti canIharidin 10 be a potent feeding deterrent to insects, with concentrations effective
at 10': .\1. Further expression of the defensive role cantharidin plays in meloids is manifest
in their characteristic aggregating behavior (Selander & Mathieu 1969:45), which strongly

:~m
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resembles the behavioral strategy described by Eisner and Kafatos (1962) for the
aposematic and distasteful Lycus loripes (Chevrolat).
Even with the evolution of this elaborate chemical defense mechanism there occur in
nature several paradoxes. Members of six families representing four orders have been
attracted to mel aid beetles, cantharidin, or both.

HEMIPTERA
MIRIDAE
Cantharidin-orienting Hemiptera belong to the Miridae or plant bugs, which are pri
marily a phytophagous group as the common name suggests. However, whether mirids
are primitively phytophagous is a matter of some controversy (see Wheeler 1976 for
discussion and references cited therein), as is the same question when asked of the order
as a whole (Cobben 1979, Sweet 1979). Miller (1956) pointed out that some mirid species
are oligophagous.
Orthotylinae
Hadronema bispinosa Knight, on Epicauta andersoni Werner and E. ventralis Werner
(Pinto 1978).
H. militaris Uhler, on Lytta nuttalli Say (Fox 1943, Selander 1960, Church and Gerber
1977) and L. viridiana LeConte (Church and Gerber 1977).
H. uhleri VanDuzee, on L. moerens (LeConte), L crotchi (Horn), L. stygica (LeConte),
Tegrodera erosa LeConte, and Cordylospasta opaca (Horn) (Pinto 1978).
Hadronema sp., at cantharidin (Pinto 1978).

Bryocorinae
Halticotoma nicholi Knight, on Megetra cancellata (Brandt and Erickson) and Meloe
laevis Leach (Pinto 1978).
Sixeonotus sp., at cantharidin (Pinto 1978).

COLEOPTERA
PYROCHROIDAE
As was mentioned in the introduction, the first account of a pediline-meloid association
was that of Thomas Say (1827). Although he could detect no damage to the meloid,
several authors have observed that other meloid's elytra had been chewed by Pedilus
(Leech 1934, Pinto and Selander J970, LeSage and Bousquet 1983).
Pyrochroinae
Neopyrochroa Jlabel/ata (Fabricius), at cantharidin (Young 1984b).

Pedilinae
PedUus elegans (Hentz), on Meloe niger Kirby (Harrington 1894).
P. impressus (Say), on M. angusticollis Say (Say 1827).
P. labiatus (Say), near caged Epicautafabricii (LeConte) (Abdullah 1964a).
P. lugubris (Say), on M. allgusticollis (LeSage and Bousquet 1983).
P. termillalis (Say), on M. americanus Leach and M. allgusticollis (Pinto and Selander
1970).
Pedilus sp. nov . (cited as P. monticolus), on M. niger (Leech 1934).
Allisotria shook! Young, at cantharidin (Young 1984a).
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ANTHlClDAE
~l05t of the published observations dealing with anthicid-meloid Of anthicid-cantharidin
associations have come from Europe and North America.

A.cunrhimlS seitulus ~LeConte). at cantharidin (Chandler 1976).
,{nthieus aubei LeFerte. on Meloe majalis L. (Pic 1897).
A.. biaurieulalUS Pic. on .\1. erythrocnemus Pallas (Chobaut 1923).
A.. ehobaun Pic. on J/. majalis (Pic 1897) .
.4.. einetutus .\Ia:rseul. on JI. majalis (Pic 1897).
A. fairmairei Brisbane. on .'rI. rugosus Marsham (Chobaut 1895), and on M. violaeeus
'\farsham ITheodorides and Dewailly 1951).
A.. insignalUS Lu~a.s. on .'.1. eoral/ifer Germar (Sanz de Diego 1880, Bolivar y Urratia
18961. and on "t. e/I\'ensis Petagona (Rotrou 1941).
A.. lutule1!IlLS Casey. on dead meloids (Werner 1964).
A. nanus LeConte. on dead meloids (Werner 1964).
A.. obscuripes Pic. on .\f. autumnalis Olivier (Normand 1918).
A. panousei ~. on .\feloe eavensis (Dewailly and Theodorides 1952).
A. pumilis Bandi. all Jf. majalis (Pic 1897).
A. tortiscelis .\larseul. on M. eavensis (Rotrou 1941).
JtecynorarSllS balso.sensis Werner, at cantharidin (Chandler 1976).
Xotoxus anchora Hentz. at cantharidin (Chandler 1982).
S. eale<1nlIus Horn. at "chemical traps" (presumably cantharidin or dead meloids)
{Blaisdell 19361. and at cantharidin; on dead meloids (Chandler 1976, 1977).
S. eelaIllS Chandler. at cantharidin; on dead meloids (Chandler 1977).
S. eaudan.ts Fall. at cantharidin (Chandler 1982).
S. cariconUs LeConte. at cantharidin (Chandler 1982).
S. conformis LeConte. at cantharidin (Chandler 1982).
X. constriclUS Ca.«y. "chemical traps" (Blaisdell 1936), and at cantharidin; on dead
rnelQids 10Jand1er 1976, 1977).
X. desernu Ca.«y. "chemical traps" (Blaisdell 1936).
X. de~ Horn. at cantharidin (Chandler 1982).
X. ha:zeni Chandler. at cantharidin (Chandler 1982).
X. hir5UlUS Champion. at cantharidin (Chandler 1976, 1977).
X. imermedius Fall. at cantharidin (Chandler 1982).
X. laterulis Cbandler. at cantharidin (Chandler 1977).
X. marzil'lWlLS LeConte. on dead meloids (Chandler 1976, 1977) .
...... TTlillL~1anicu.s LaFerte. on Lytta vesicatoria (L.) (Chobaut 1897).
S. mnica.lUI.S Champion. at cantharidin; on dead meloids (Chandler 1976, 1977).
S. moru¥l'r05 L.. on dead Lytta vesicatoria (Bedel 1895, Kieffer 1922), on Meloe
pr05CGTaiJeII.S L. IRichards 1928), on Meloe spp. (Tylden 1865, Traizet 1896), on "oil
be.:-tles" tpresumably Meloe) (Hacker 1899), on "Miakafer" (presumably Meloe)
,Geilenkeu5er 1908. Folwaczny 1937), and at cantharidin (Gornitz 1937; Abdullah
196+a. 196+b. 1965. 1969).
S. mon.:..:ion IFabricius I. at cantharidin; on dead meloids (Chandler 1976).
S. mOnl<llllLS Casey. at cantharidin (Chandler 1982).
S. murinipermis ILeConte). on dead meloids (Chandler 1976, 1977).
X. ne','adensis CaseY. at cantharidin (Chandler 1982).
S. nuperus haJLmu5 Chandler, on dead meloids (Werner 1964 , Chandler 1977).
S. picrus Ca.-.ey. at cantharidin (Chandler 1982).
S. pygidialis Chandler. at cantharidin; on dead meloids (Chandler 1977).
S. robusrus Ca.«y. "chemical traps" (Blaisdell 1936).
S. serrarus lLeContel. at cantharidin (Chandler 1982).
S. sparsus LeConte. "chemical traps" (Blaisdell 1936).
S. spatulifer Ca.«,'. at cantharidin (Chandler 1982).
S. raJpa LaFerte. at cantharidin (Chandler 1976, 1977).
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N. toltecorum Chandler, at cantharidin; on dead meloids (Chandler 1977).
N. whartoni Chandler, at cantharidin (Chandler 1982).
N. youngi Chandler, at cantharidin (Chandler 1982).
N. zapotecorum Chandler, on dead meloids (Chandler 1977).
Tomoderus spp., on dead me10ids (Chandler 1976).
Vacusus in/emus (LaFerte), at cantharidin (Chandler 1976).
Relative to the above accounts, Chobaut (1897) was first to speculate on a possible
mechanism for the unusual behavior observed. He believed that the attraction was due to
sight and odor, especially the latter, pointing out that another group of beetles, the
Cantharidae, produce a strong odor. No attempt was made to ascertain why the anthicids
were attracted. The mechanism of attraction was not dealt with further until 1928 when
Richards suggested that the behavior might be related to the presence of cantharidin in the
meloids. To test his hypothesis, several workers used either cantharidin powder, ground
up meloid beetles (Fey 1954), or dead meloids which had been treated with a cantharidin
solvent such as acetone (Hille 1954). In several experiments, Gomitz (1937) used canthar
idin powder which attracted nearly 700 Notoxus monoceros; he l!0ted that the substance
remained an active attTactant at concentrations of as low as 10-/ g. Geiler (1953) used
cantharidin powder obtained from Lytta vesicatoria to collect 374 monoceros in one year,
noting that the most intense activity occurred from April to May and again in July.
Several experiments and additional hypotheses accompanied the above findings. Giir
nitz attempted to demonstrate that cantharidin was either a nutritive necessity or the major
stimulus for feeding behavior in N. monoceros. He noted that specimens taken at canthari
din powder appeared to feed upon it. In addition, anthicids were known to feed upon adult
and larval Meloidae and sometimes were found to contain cantharidin themselves in the
adult stage (Fey 1954). However, Flach (1887) and Korschefsky (1937) observed that
monoceros fed upon groups of insects not known to contain cantharidin as well. Analyses
of gut and fecal contents in several cantharidin-orienting anthicids have shown them to be
polyphagous, the diet consisting of fungi, insects, and unknown materials (Gornitz J937,
Fey 1954). Furthermore, Gornitz found that monoceros was sometimes present in large,
gregarious populations even when meloids were lacking. And. since anthicids are not
known to be cannibalistic, there would be no available sources of cantharidin. To circum
vent this fact, Gornitz speculated that many other insects might contain cantharidin, but
this has yet to be demonstrated.
Gijrnitz was apparently the first to
a difference in the ratio of males to
females attracted to cantharidin. Of his collections, 642 specimens were males, while 51
were females. In Africa, Hille (1954, 1961) collected only males of Anthicus and Notoxus
at cantharidin. A close examination of the specimens revealed that the apices of their
elytra were modified,
a dorsal cavity which opens to the exterior. He considered
it likely that the structures
chemical sense organs. Based in part on his
observations relative to N. monoceros, Abdullah (1965)
that cantharidin might
serve as an aggregation pheromone and sex attractant.
OEDEMERIDAE
While no member of this family is known to orient to cantharidin, several lines of
evidence suggest that oedemerids produee eantharidin.
Several species of ceratopogonid flies orient to cantharidin (see section dealing with
Diptera). One of these, Atrichopogon oedemerarum Stora, was described from a speci
men attached to a museum specimen of the oedemerid Oedemera flavescens (L.). Subse
quent field studies in Finland showed that A. oedemerarum is associated with O.
flavescens as well as two other species of Oedemeridae: Chrysanthia viridis Schmidt and
C. viridissima (L.) (Stora 1937). Since the same ceratopogonid has been assoeiated with
the meloid Epicauta/abricii (LeConte) via a cantharidin stimulus (Wirth 1956a), deduc
tive logic would suport the hypothesis that these oedemerid beetles also possess canthari
din or a closely related eompound.
Additional support comes from observations of vesication of human skin caused by
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contact with certain species of Oedemeridae (Herms 1925, Vaurie 1951). Britton
(1970:605) speculated that cantharidin was the cause. Finally, the dermatitis-causing
substance of one oedemerid, Xanthochroa waterhousei Harold, was clearly identified as
cantharidin (Kurosa & Watanabe 1958).
Recalling that cantharidin is utilized for defensive purposes in the Meloidae in conjunc
tion v.ith aposematic coloration, it is interesting to note that many oedermerids have
evolved striking color patterns as well. It seems likely that aposematic coloration has also
coevo1ved with a cantharidin chemical defense mechanism in the Oedemeridae.

DIPTERA
CERATOPOGONIDAE
Species of "no-see-urns" (actually, only the females) attacking man and other warm
blooded animals belong to the genera Leptoconops Skuse, Culicoides Latreille, and Forci
pom.yia ~Ieigen (subgenus Lasiohelea Kieffer) (Wirth 1952). However, most of the spe
cies in the subfamily Forcipomyiinae have been observed to feed on a wide variety of
other llL<;o:ts. as summarized by Wirth (1956b). The subfamily Forcipomyiinae is divided
into the genera .4trichopogon Kieffer and Forcipomyia Meigen.
Jfeloehelea was erected as a subgenus of Atrichopogon by Wirth (1956a) to include
four species which were said to be unique because of their meloid-attacking habit and
unusually upcurved mouthparts. In the same paper, Wirth presented a fairly complete
history of !.he various published accounts of these species feeding upon meloid and
oedemerid beetles. Numerous misidentifications in the literature as well as taxonomic
problettts ha\C rendered these accounts useless. Fortunately, these problems have been
dealt with in some detail (Wirth 1979) and the summary of meloid associations has been
revised (Wirth 1980).
ANTHOMYIIDAE
Two references in the European literature reported the association of Anthomyia plu
vialis L. v.ith cantharidin (Gornitz 1937,
1954).

HYMENOPTERA
BRACONIDAE
Cantharidin orientation was first recorded for the European Perilitus plumicornis
Ruthe. which was "attracted" to cantharidin powder (Gomitz 1937). Gornitz stated that
plumicontis was a parasite of adult Notoxus monoceros. Smith (1953) restated this record,
noting rhaI piwnicomis probably belonged in the genus Microctonus rather than Perilitus.
Brnh genera are parasitoids of adult Coleoptera.
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FIELD RECORDS AND OBSERVATIONS OF INSECTS
ASSOCIATED WITH CANTHARIDIN
Daniel K. Young!
ABSTRACT
This paper reports on insect species not previously associated with cantharidin, the
terpeooid defense mechanism of blister beetles (MeJoidae). Species from the following
tau were obserYed and collected: Miridae (Hemiptera); Endomychidae, Pyrochroidae,
.-\nthiLidae I Coleoptera); Ceratopogonidae, Sciaridae (Diptera); and Braconidae (Hymen
optera;. In addition to listing the associations, a discussion of cantharidin orientation is
presented along with preliminary hypotheses to explain these intriguing examples of
coevolution .

.-\ recent re,'jew (Young 1984) attempted to draw together all published associations
between insect5 and cantharidin or the me10id beetles which are known to produce the
compound. In this paper, a large number of insect-cantharidin records are reported for
specie:; 1lL"'i previously associated with cantharidin.
METHODS
~lany ot the records listed below came from a cantharidin baiting technique I developed
during my ,;tudies on North American Pedilus. Baits were made by dissolving cantharidin
crystals in acetone. and then pipetting the solution onto filter paper disks. For the sake of
unif0rrmr;. a 10- 2 M solution of cantharidin in acetone was utilized and 0.5 ml were
added to each piece of Whatman #2, 5.5-cm filter paper. The acetone quickly evapo
rated. lea,jng the cantharidin impregnated between the fibers of the filter papers which
were kepi: in plastic petri dishes (two to a dish).
~lore recently a "jar-trap" was utilized. The baited filter papers were prepared as
alxne. but then suspended by thin wires from a window screen funnel in the opening of a
wide-:rnouthed quart jar. When live-trapping, the bottom of the jar was left empty or
cOYered with dampened tissue paper. Otherwise, ethylene glycol was added as a killing
and teIllfX)fary preservation fluid. For both the baits and jar traps, controls were prepared
and run 00 numerous occasions by going through the same preparation steps as outlined
above ....itbout ackIing cantharidin to the acetone. In general, a collection record was
considered valid if three or more specimens of the species in question were recovered
from tv. 0 Of" IllQI'"e baits (or traps) within the same site on a given date, or froIll a given site
on tv.o 0, more dates. or from two or more sites. Records are accompanied by state or
proYiTh::e distribution data. Voucher specimens are deposited in the collections of the
author. other individuals. and the entomological research collections at Michigan State
l'ni\ersity and the l"niwrsity of Wisconsin.

De]~:::-le'nr

0f Entomology. Cniversity of Wisconsin, Madison, WI 53706.
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NEW RECORDS OF INSECTS ASSOCIATED
WITH CANTHARIDIN

HEMIPTERA
MIRIDAE
Orthotylinae

Hadronema breviata Knight, California.
H. princeps Uhler, Wyoming. Of 12 specimens only one is a male. (R. T. Schuh, in litt.).
H. uhleri VanDuzee, MEXICO, Baja California. All 13 specimens are females (R. T.
Schuh, in litt.).
H. uniformis Knight, California.
Bryocorinae

Caulotops spp., Arizona; MEXICO, Baja California.
Eurychilella sp. near pallida Reuter, MEXICO, Oaxaca.
Halticotoma valida Townsend, Colorado.
Halticotoma sp., Idaho.
Pycnoderes quadrimaculatus (Guerin-Meneville), Florida, Michigan; MEXICO, Oaxaca.
Pycnoderes sp., Michigan.
Sixeonotus brevirostris Knight, Louisiana.
Sixeonotus sp. near brevirostris Knight, Idaho.
S. insignis Reuter, Michigan, New York.
S. tenebrosus (Distant), Florida.
Sixeonotus spp., California, Idaho, Michigan; MEXICO, Oaxaca, Puebla.
Sysinas linear is Distant, MEXICO, Puebla.

COLEOPTERA
ENDOMYCHIDAE
Eumorphinae

Aphorista laeta (LeConte), California, Idaho.
A. vittata (Fabricius), Michigan.
Lycoperdinaferruginea LeConte, Massachusetts, Michigan, Wisconsin; CANADA, Sas
katchewan.
Stenotarsinae

Danae testacea

\~'VE:>"V"

Michigan, Ohio, Wisconsin.
PYROCHROIDAE
Pyrochroinae

Neopyrochroafemoralis (LeConte), Michigan, Ohio, Wisconsin. Only males have been
taken at cantharidin.
Schizotus cervicalis Newman, Michigan, Wisconsin; CANADA. Quebec. Specimens
were observed between mid-morning and early afternoon; all were males.
ANTHICIDAE
Anthicinae

Acanthinus scitulus (LeConte), New Mexieo.
Anthicus punctulatus LeConte, California.
A. sonoranus Werner, MEXICO, Baja California.
Formicilla munda LeConte, New Mexico.
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Farmicolnus camul LaFerte. THAILAND.
Formicomus sp. Ilewisi ~larseul?), THAILAND.
JfecynotaTSus falcarus Chandler, New Mexico .
.if. ilbliquema~ulams :-'larseuL THAILAND.
Jf. ragepicllIs Fairmaire. THAILAND.
SOroXlIS btfasciatus (LeConte). Michigan.
S. filicomis Case\. Florida.
S. 'ph(1fl15 Chandler. Arizona.
S. seminole Chandler. Florida.
Sapintu5 ja:ranus (:-'Iarseul), THAILAND.
S. plecrilis IPiCI. THAILAND.
Tomoderus spp.. Florida, Illinois, Missouri.

DIPTERA
CERATOPOGONIDAE
Forcipomyiinae
A.rrichvpogon geminlls Boesel, Louisiana, Michigan.
A. lnis ; Coquillett). Arkansas, Idaho, Illinois, Michigan.
A.. maculosu5 Ewen. Louisiana .
.4. Hebsleri ,Coquillett). California, Louisiana, Michigan.
Arrichopogon sp. near webster! (Coquillett), Michigan.

SCIARIDAE
I undetennino:! sciaridsl, California, Michigan.

HYMENOPTERA
BRACONIDAE
Blacu.<: ruftcomis (Nees), California. All of the nine specimens were male (S. Shaw, in

lin. I
Srreblocera near pulvillicornis Walley and MacKay, Michigan. All were females.
Svrrhi::us agi/is (Cresson), California, Michigan. All were females.
DISCUSSION
Pinto (1978) concluded his paper on mirid "parasitization" of meloids by suggesting
that the mirids were primarily phytophagous, and that their relationship with meIoids was
ancillary to their primary food sources. If plant feeding on the part of cantharidin
orienting ~liridae represents a plesiomorphic character state, then Miller's (1956) hypoth
esis relative to the evolution of a predaceous life style merits stating:
""The adoption of a carnivorous habit probably has its origin in the ease in which a
primitive pb)lophagous bug could alternate the sucking of plant sap with the piercing of
smail insects associated with the same host plant."
There would. at this incipient stage of predatory development, appear to be little
selective pre55ure relative to gross modifications of such complex structures as the mouth
parts. as has been noted for many predaceous Heteroptera. In this regard, it should be
pointed out that cantharidin-orienting mirids appear to possess no such modifications.
However. they clearly orient to the chemical even when meloids and host plants are
entirely remO'l.-ed as variables. If cantharidin receptors evolved in response to the presence
of rneloids. I would suggest that Pinto's conclusion might be better stated in reverse: the
cantharidin-orienting mirids appear to be near obligate, free-living ectoparasites which
may srill rely upon plant juices in an ancillary way.
Cnfonunate1y. I have frequently collected large numbers of bryocorine mirids at can
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tharidin under circumstances wherein they would rarely if ever encounter meloids. For
these taxa, one or more of the following hypotheses bear consideration:
I) Cantharidin receptors evolved in an ancestral lineage which preyed upon meloids.
While the species in question may no long rely upon meloids as a primary food
source, the sensory apparatus persists.
2) Cantharidin, or a related compound, is utilized by the mirids as a pheromone,
defensive compound, or both.
3) Cantharidin, or a related compound, is present in the host plants with which the
mirids coevolved.
With respect to the first hypothesis, it should be noted that species richness for both
meloids and cantharidin-orienting mirid taxa is greatest in the tropics. Although meloid
predation might be common in the tropics, some of our temperate mirids could have
secondarily lost their reliance on this food source as they radiated northward and explored
new resources.
The second and third hypotheses share the notion that cantharidin, or a closely related
compound, is produced by organisms totally unrelated to meloids. Within the Ranuncu
laceae, a number of species have been reported to cause cantharidin-like blistering of
epithelial tissue (Mitchell and Rook 1979). The vesicant, protoanemonin, is believed to be
produced from the glycoside, ranunculin. Protoanemonin is the precursor of anemonin, a
compound characterized by Mitchell and Rook as being related to cantharidin.
The handsome fungus beetles frequent fungi and molds on which they feed and mate.
Endomychids have been observed mating and apparently feeding on the cantharidin
baited filter papers. Since cantharidin is a terpene and such compounds abound in the
plant kingdom, it seems plausible that cantharidin mimics some terpenoid fungal metabo
lite which certain endomychids may in tnrn utilize to locate a potential host fungus. The
same hypothesis may account for the sciarids observed at cantharidin.
Few evolutionary hypotheses regarding cantharidin orientation in Pyrochroidae and
Anthicidae have been proposed. However, these families, together with the Oedemeridae,
Meloidae, and several others, are all thought to be closely related in a phylogenetic sense.
Perhaps ..:antharidin or a closely related compound was present in the ancestral stock
which eventually gave rise to these taxa. Clearly, the chemical has evolved largely as a
defense mechanism in the Meloidae and Oedemeridae. The proponderance of male
pyrochroids and anthicids orienting toward cantharidin would seem to imply that the
compound serves, at least in part, as a sex pheromone as Abdullah (1965) suggested for
the anthicids. An alternative, or additional, function might be that of an aggregating
pheromone, as has been suggested for some of the Meloidae (Richard Selander, pers.
comm.) and Anthicidae (Abdullah 1965).
Scott Shaw (in litt.) suggested that the Blacus (Braconidae) may represent an accidental
catch since males of ruficornis are known to swarm. However, the nine specimens came
from several different baits over the course of three days. While not directly involving
cantharidin, Syrrhizus agilis has been demonstrated to develop as an endoparasitoid in
adult Notoxus anchora Hentz in Ontario (Loan 1972).
My wife and I noted oviposition behavior by an unidentified female braconid on an
adult Notoxus cavicornis LeConte from Mariposa County, California; the observations
were made while the specimens were on a cantharidin bait. A similar situation was
reported by R. A. Wharton (in litt.) in El Dorado County, California, for a presumed
Syrrhizus female and an unidentified Notoxus adult. Thus, both of these braconids appear
to utilize adult anthicids (Notoxus spp.) as hosts. They also orient toward cantharidin
whether anthicids are present or not. These observations support the hypothesis that at
least certain species of Anthicidae contain cantharidin or a closely related compound.
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VISUAL RECOGNI1"ION OF FEMALES BY MALE
CALOPTERYX MACULATA (ODONATA: CALOPTERYGIDAE)
Janette Ballou I
ABSTRACT
In order to determine the function of the white wing stigma in Calopteryx mandata,
males and females were marked or left unaltered, pinned onto a stick and presented to free
ranging males. ~1ale responses to females with blackened stigmas were minimal whereas
most males responded to unaltered females, unaltered males, and altered males. It is
suggested that presence of the white stigma, in combination with wing transparency, is
important for male discrimination between the sexes.

~l:ite recognition in odonates has been the subject of a number of studies. Paulson
19-3; found that species with highly colored wings have similar abdominal appendages
"hile th0Se with colorless wings have distinctly different
In several species with
colorless 1.\ings. males cannot visually distinguish females but are prevented from mating
with femala of other species due to differences in external
(Paulson 1974). Mate
r,,~ognition does involve initial visual recognition of
by males in a number of
,.-donates including Platycypha caligata (Selys) (Robertson 1982), Enallagma spp.
I RobeIL'OD and Paterson 1982) and Perithemis tenera Say (Jacob 1955).
Cal0PlUyX maculata (Beauvois) has been the subject of several studies on mating
beha,ior IWaage 1973. 1975, 1979a,b) and, although Johnson (1962) suggested that the
fem31e white stigma might be used to guide a male in alighting on the female's thorax, the
fun.::tion of the white stigma has not been determined. The present study involved presen
tation of C. macula/a specimens with altered and unaltered stigmas to males in the field in
order", determine the role of this structure in mating.
I

MATERIALS AND METHODS
Adult C. maculata males and females were captured at Cave Hollow stream, Warrens
burg. John...X-D County. ~1issouri, on 10 July 1983. After capture, each insect was pinned
through the 1Th."'!3..'>;. between the wing bases, attached to a touch-me-not (Impatiens capen
sis ~leert I stem. and either marked or left unaltered. Marking involved covering a
female', white 5tigmas with black acrylic paint and covering a male's black stigmas with
,\hite Li'l:uid Paper". Each test consisted of presenting an altered or unaltered male or
fem31e I0 a free ranging male C. maculata and recording that male's response. A male
was re.:orded as raponding if it alighted on the wings or body or attempted or completed
tandem. A total (If.tO free ranging males was tested. After a male was tested once, I
continued d01o\n the _tream channel to avoid testing the same male again. Each test lasted
2 min or until the male tlew off. During the test, latency of response (the length of time
bet..... een initial pre,;entation and response) and duration of response (time between onset of
response and tennination of response) were recorded.

'Dep;rr.:r-..J<!nt .:-i Bivlogy. Central ~Iissouri State University, Warrensburg, MO 64093.
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Male reactions to altered females were significantly different from reactions to un
altered females (Table I), and were minimal with most males doing nothing or only
touching the female's body before flying away (Fig. I). Male reactions to altered males
were not significantly different from reactions to unaltered males (Table I). Although
males responded to each of the four test subjects, they only displayed to unaltered
females. Free ranging males did not make courtship displays to test males; all of these
encounters were of an aggressive nature. In courtship, the female approaches a territorial
male which then gives the pair forming, or cross, display (Waage 1973). If the female
does not accept the male, she responds by spreading her wings (Johnson 1962). Waage
(1973) found that this display only delayed mounting by the male. The results of the
present study support Waage's interpretation. Unaltered females exhibited this wing
spreading behavior, but most males continued to court them and even attempted tandem,
which resulted in a longer duration of response to unaltered females (Fig. I). Two males
attempted tandem without preliminary courtship. Waage (1973) noted that females dis
lodged nonterritorial males that mounted them without any courtship display. Most males
were prevented from successful tandem by the violent flapping of the female's wings.
These males were possibly nonterritorial, as only one male achieved successful tandem.
Males responded to unaltered and altered males in the same general way (Fig. I).
Several males engaged in what Johnson (1962) termed aggressive encounters. During
these encounters, the free ranging male would face the male test subject and rapidly
vibrate its wings while in a stationary position. The male would then fly onto the wings of
the specimen. Jacobs (1955) described similar results when he presented P. tellera normal
males to other males. He observed the males pouncing repeatedly onto the introduced
male's wings. When he blackened the male specimen's wings, the encountered males
displayed courtship behavior and attempted coupling. In the present study, tandem was
attempted once to the altered male, but it was also attempted once to the unaltered male.
In both instances, tandem was prevented when the specimens aggressively flapped their
wings. The results for altered males are contrary to those of Jacobs (1955). The adding of
the white stigma, which is characteristic of females, appeared to have no noticeable
behavioral effects on normal males.
Johnson (1962) suggested that when females' wings are folded, the white stigma serves
to align the male with the female's thorax. The results of my study indicate that males
could achieve successful tandem without the female's wings being folded over her back.
Waage (1975) stated that sex recognition in C. maculata is based on wing transparency.
This appeared to be true for male recognition of males, but not for male recognition of
females. Males responded fully to unaltered females, while little or no response was
recorded for altered females. It is suggested, therefore, that wing transparency in com
bination with the white stigma must be present before a male can discriminate fully
between the sexes.

Table J. Responses of free ranging males to altered females, unaltered females, altered
males, and unaltered males; type of response to males and females was different (see
text). G-statisties computed separately to test each sample against the 8:2 ratio hypothesis.
Test Subjects
Unaltered Female
Altered Female
Unaltered Male
Altered Male
ap < 0.05

Response
8
3
8
9

No
Response
7

2
1

n

X2

10
10
10

5.8269"
0
0.3669
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females and males with altered and unaltered stigmas (n
10).
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COMPARISON OF LEAFHOPPER SPECIES COMPLEXES IN THE
GROUND COVER OF SPRAYED AND UNSPRAYED PEACH
ORCHARDS IN MICHIGAN (HOMOPTERA: CICADELLlDAE)l
Thomas M. Mowry and Mark E. Whalon 2
ABSTRACT
Two ~lichigan peach orchards were sampled for leafhoppers using a fixed-area ground
sampling de\"ice attached to a D-vac®. Absolute abundance estimates indicated that
routine tree insecticide applications greatly depressed leafhopper populations. This, and
the fact that no resident, known vectors of the X-disease pathogen were detected, suggests
that increasing insecticide applications to check the spread of the disease through vector
control would be ineffective.

X-dise3-"C. a stone fruit malady of probable mycoplasma etiology (Nasu et al. 1970,
Jones et aI. 1974}. is a major problem in the peach and cherry growing areas of southern
:-'1ichigan 1Rosenberger and Jones 1977). This is true for many of the major stone fruit
producing areas in the United States (Gilmer and Blodgett 1976, Purcell and Elkington
19801.
Leafboppers are the only known vectors of the X-disease pathogen (Gilmer and
Blodgett 1976. "Sielson 1968). There is much grower interest in checking the spread of
X-disease through insecticidal control of the leafhopper vectors. To investigate this poten
tiaL it is necessary to sample leafhopper populations in such a manner as to allow for
comparison between treated and untreated sample sites. The major means of sampling
leatboppers in stone fruit orchards has been yellow sticky-board traps (McClure 1980,
Purcell and Ellington 1980, Rosenberger and Jones 1978, Taboada et al. 1975). The
relati\e abundartce estimates obtained through this method preclude interspecific or in
tersite comparisons because the units of measurement are unknown, making only com
pari:.ons. in space and time possible (Southwood 1978). This paper reports the comparison
of the leatbopper species complexes between a sprayed and unsprayed peach orchard
absolute abundance estimates.
METHODS AND MATERIALS
Sample Sites. The sprayed sample site was a commercial peach orchard maintained on
a regular pesticide spray schedule until harvest (Howitt et al. 1981). Approximately 1165
trees of scyeral varieties were planted on 12-ft (3.7 m) centers in rows spaced 20 ft (6.1 m)
The ground cover consisted primarily of orchard grass (Dactylis glomerata L.) and
clm"er iTrifolium pratense L.) with many herbaceous weeds scattered throughout the
orchard. The trees were marked with spray paint for X-disesase symptoms in 1978. 1979,
1980 and 1981 with 4.1 Ck, 15.9%, 22.9% and 25.0%, respectively, showing symptoms.
The unsprayed sample site was a three-row peach block on the canlpus of Michigan
State ("nlvcrsity i~fSU). Originally, 123 trees were planted on 6-ft 0.8 m) centers in rows
spaced 12 ft. i 3.7 ml apart. Currently, X-disease has reduced the orchard to 45 trees and,
AgJriculturaI Experiment Station Journal Article Number 10465. This research was
by a grant from the Michigan Peach Sponsors.
C[);:parunent of Entomology, Michigan State University, East Lansing, MI 48824.
'Ii.,hi,'.n
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of these, 11.1 % showed symptoms of the disease. The ground cover was mainly orchard
and other grasses which remained unmowed throughout the season.
Sampling Method. Both sites were sampled every 3-4 days from 9 June to 10 October
1980, using a D-vac® suction sampler (D-vac Corp., Riverside, CA). A cone 34 cm high
with upper and lower diameters of 19 and 40 cm, respectively, was constructed from
I-mm thick, semi-transparent fiberglass. A 5-cm vertical flange of fiberglass was attached
to the upper edge of the cone to accommodate a 20-cm ID suction hose. Two 15-cm
diameter holes were cut, opposite one another, into the side of the cone. These were
covered with two layers of I .5-mm thick black rubber and a slit was cut into each
perpendicular to one another to allow for hand entry into the interior of the cone. The
bottom of the cone encompassed an area of 0.125 m2 .
The trap was used by inserting a nylon net into the upper hole of the cone, carefully
approaching the sample area, and quickly setting the cone into the ground cover before
any insects could escape. The D-vac® hose was then attached and the vacuum motor
started. By inserting the hand into the cone, all plant material was uprooted and vacuumed
into the sample net. The bare ground was raked over with the hands to insure that all
trapped insects were taken up into the sample (Fig. 1). To prevent any insects from
escaping, the vacuum hose was disengaged from the cone and the nylon net removed
before shutting off the motor. The sample was transferred to a plastic bag, returned to the
lab and frozen for future leafhopper identification and counting.
Random samplc locations in cach orchard were generated based upon a grid size
delineated by the tree spacings. The grid sizes were 12 by IO ft (3.7 by 3.0 m) and 6 by 6
ft (1.8 by 1.8 m) for the sprayed and unsprayed sites, respectively. Each grid ( sample
unit) was sampled at its center with 20 grids at the sprayed site and four grids at the
unsprayed site sampled each sampling day for a seasonal total of 508 and 112 samples,
respectively.
RESULTS AND DISCUSSION
Leafbopper Complexes. The leafhopper species complexes and relative number cap
tured at both sample sites were similar (Table 1). Only one specimen of a known vector of

Fig. 1. Ground sampling device with attached D-vac® showing method of operation.
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Table 1. Leafuopper species and their total numbers captured throughout 1980 in ground
cover samples at the commercial (COMM) and Michigan State University (MSU) sample
sites. The total number of samples at the COMM and MSU sites were 508 and 112,
respecthely.
Sample Site
Species

StreptanllS confillis <Reuter)
Aphrodes f1amstrigata (Donovan)
Athvsanlls ar!(entarills Metcalf
Draeculacepllaia amica (Walker)
Psammotetrix jerrafl/s (DeLong & Davidson)
Doratura sn·lata (8oheman)
.4phrodes Jilscojaciata (Goeze)
Dicranellra mali (Provancher)
Endria inimica (Say)
Latalus sayi (Fitch)
Commelllls comma (Van Duzee)
Maerosteles faseifrons (Stal)
Aphrodes bicineta (Schrank)
Parabolocrants riridis (Uhler)
Tylo::ygus btfldllS (Say)
Xestoeephalus pulicarius Van Duzee
Paraphlepsills irroratus (Say)
:1mbln;elllls cllrtisii (Fitch)
Psanimoteni:r: liridellus (Zetterstedt)
Graminella lligrijrolls (Forbes)

COMM

MSU

Total

187

726
249
54
42
29

913
284

26

35
13

6
1
I

67
48

30

4
8
10
I
2
6

18
13

27
22
21

5
9

10

o

7
6

1
1
1

5
5
I

6

2

o
o

o
1

5

o

15

6
2
2

1
I

1

1

1
1

o

1

the X-disease pathogen (Paraphlepsius irroratus (Say» was captured. This was un
expected because the most important known vectors in Michigan (P. irroratus and
Scaphnopius aClitus (Say» use herbaceous plants predominantly as hosts for feeding and
o\·iposition !Rosenberger and Jones 1978, McClure 1980). The lack of this, and any
other. vector species suggests that the increase in X-disease at the commercial site for
1980 and 1981 might be attributed to non-resident vector species moving into and out of
the orchard within a matter of hours or to resident leafuopper species not yet known to
vector the X-disease pathogen. The most numerous leafuopper captured at both sites,
Streptanlls confinis (Reuter), has been observed on yellow sticky board traps along with
P. irrorafl/s at a height of ca. 1.8 m in cherry trees, which may warrant further investiga
tion into its potential vector status.
Insecticide Influence. Comparing seasonal population trends for the two most com
mon leafuopper species found in both sites (S. confinis and Aphrodes Jlavostrigata (Dono
van II indicates that tree foliar insecticide applications appears to greatly reduce their
abundance in the ground cover (Figs. 2 and 3). While azinphosmethyl apparently reduces
leatbopper numbers. endosulfan, and possibly phosmet. seem to have an even greater
effect. Following termination of insecticide applications toward the end of July, leafuop
per populations at the commercial site did tend to increase, but they never approached the
densities recorded during the same period at the MSU site.
This indicates that while the ground cover may offer some protection from insecticides.
tree foliar applications are likely to reduce leafuopper abundance. This calls into question
the advisability of ground cover applications for vector control as it is unlikely that further
reduction will be obtained (note the period around 1 August. Fig. 3). Late season, i.e.,
after harvest. insecticide applications may not aid in checking disease spread through
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vector control as the leatbopper populations did not seem to reach high levels following
the pre-harvest treatments.
CONCLUSIONS
Fixed-area ground CO\'er sampling for absolute abundance estimates is an effective
means of interspecific or intersite comparison but does not reveal leatbopper activity.
Insects moving into and out of the orchard within short periods of time can only be
detected v.ith relatiye sampling methods, e.g., yellow sticky board traps. The sampling
method used here may be used to assess the effectiveness of insecticidal control of
leafhoppers. The incidence of X-disease increased in both 1980 and 1981 in the com
mercial orchard. This increase occurred in the absence of a resident known vector popula
tion and v.ith greatly reduced leafhopper abundance in general. It would scem unreason
able. therefore. to increase insecticide applications in the orchard to check the spread of
X-disease through "cctor control.
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DRIFT OF RIFFLE BEETLES (COLEOPTERA: ELMIDAE)
IN A SMALL ILLINOIS STREAM
Dennis L. Newman l and Richard C. Funk2
ABSTRACT
The daily and seasonal periodicities of drift of riffle beetles were examined in Polecat
Creek. Illinois. during the spring and summer of 1978. Drift samples were collected from
a single site oyer four 24-h periods. Dubiraphia vittata adults comprised 72% of the total
numerical sample and exhibited greatest mean daily drift density in September. Macrony
elms glabrams adults were also common in drift collections, with highest densities re
corded during .'.lay and August. The drift of D. vittata and M. glabratus exhibited distinct
patterns of die! periodicity with peaks occurring in the early hours of darkness. Substantial
differences in drift densities between adult and larval stages were evident for D. vittata
and Jf. glabrams. in both cases the adults were more prone to drift.

The drift of lotic invertebrates refers to the downstream displacement of benthic organ
isms in stream currents. Benthic organisms of lotic habitats are variously adapted to resist
displacement by stream flow (Hynes 1970); however, some organisms do lose their
attachment and are swept downstream. Three types of invertebrate drift have been identi
fied: "behayioral" drift, "constant" drift, and "catastrophic" drift. It is behavioral drift,
with its pronounced nocturnal peaks, which has been so well studied by stream ecologists.
Comprehensiye reviews of the drift literature have been completed by Hynes (1970)
and Waters (1969. 1972). In addition, Adamus and Gaufin (1976) presented a synopsis of
Nearctic taxa found in the drift. Taxa that are generally considered to be quantitatively
most imJXlrtant in the drift are Ephemeroptera, Trichoptera, and Plecoptera. Elmids,
which are generaJly a common component of the lotic fauna, are rarely reported as being
significant conuibutors to the drift. The purpose of this study was to investigate the diel
and seasonal variations in drift of the elmid community in a small warmwater stream.
THE STUDY AREA
Polecat Creek originates from field tiles in Edgar County and flows westward approx
imately 22 kIn to the Embarras River in Coles County, Illinois. The creek has an overall
drop of -W m: the upper 14.5 km has a gradient of 1.06 mlkm and the lower 7.6 km drops
at a rate of 3.2 m kIn. The watershed for the entire stream system drains 7434 ha of land.
Polecat Creek has been described as a stream with relatively clean water and an abundant
and diverse inYertebrate and fish fauna (Durham and Whitley 1971, Horner 1971).
Drift collections were taken at one site located 4.6 km upstream from the mouth of the
stream. The sampling site was bordered on the north by an oak-hickory forest and on the
south by rolling farmland. The dominant aquatic vegetation was the alga Cladophora,
which grew on rocks during early summer. The mean stream width at the sampling site
was 5.8 m. the mean depth was 23 em, and the mean current velocity during sampling was
0.42m sec.

l"aturaI History Survey, Fox Ridge State Park, R.R.l, Box 233, Charleston, IL 61920.
Department. Eastern Illinois University, Charleston, IL 61920.
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MATERIALS AND METHODS
Drift collections were taken from a single riffle over a 24-h period on 28-29 April,
19-20 May, 10-11 August, 1-2 September 1978. The sampling location was in midstream
near the downstream end of a riffle. The net was supporred by iron rods driven into the
substrate and was positioned close to the stream bed; however, the immediate area about
the net was not disturbed. The upper edge of the net was always above the surface of the
water column. The April and May collections were made using a drift net with a mesh size
of 0.646 mm; however, that net was lost in a flood and the August and September
collections were made using a mesh size of 0.471 mm. Current velocity measurements
were taken at the mouth and on either side of the drift net using a Gurley Pygmy current
meter. Cross-sectional area was measured immediately downstream of the net using a
meter stick. Drift samples were collected at 2-h intervals and preserved in 70% isopropyl
alcohoL The drift of aquatic invertebrates was standardized according to volume of water
passing through the net, defined as drift density, and expressed as numbers per 100 m3
RESULTS AND DISCUSSION
Elmids in Polecat Creek exhibited maximum drift densities in the August and Septem
ber collections (Table 1). The seasonal increase was primarily due to large numbers of
adult elmids. The highest mean daily drift density occurred in September when Dubir
aphia vittata (Melsheimer) reached a density of 22.2 individuals 1100m3 Macronychus
glabratus (Say) adults were most abundant in May with a mean daily drift density of
2.81100m 3 . Abundance of Stenelmls crenata (Say) adults and Stenelmis larvae exhibited
peaks in August. S. viltipennis (Zimmerman) adults and Dubiraphia larvae exhibited no
seasonal trends in abundance. Ancyronyx variegata (Gerrnar) adults were uncommon in
all drift samples; their peak drift density (0.09!100mJ) occurred in August. Of the 1150
elmids collected from Polecat Creek, D. vittata and lvI. glabratus adults comprised 72 and
13%, respectively, of the total sample. Elmid larvae comprised a small percentage (8%)
of the total drift samples.
In Polecat Creek, two elmids, D. vittata and lvI. glabratus, exhibited distinct patterns of
diel periodicity (Fig. 1). D. vittata exhibited unimodal drift patterns with peaks occurrinjS
in the early hours of darkness. Peak nocturnal densities ranged from 7.4 to 130.8/JOOm;
in contrast, diurnal drift densities ranged from 0 to 3. 11 100m3 . The drift of M. glabratus
was bimodal in both May and August. The nocturnal peaks in drift of lvI. glabratus
extended over a 6-h period; whereas the drift pattern of D. vittata exhibited a sharp rise
approximately I-h after sunset, followed by a gradual decline through the night. The latter
drift pattern is generally considered to be the classic pattern of diel periodicity (Waters
1972).
In Polecat Creek, distinct differences in drift densities between adult and larval stages
were evident for D. vittata and lvI. glabratus (Table 1). For both species, the adults were
more prone to drift. However, differences in drift rates between adults and larvae of the
genus Slenelmis were minimal and were probably only random differences. Brusven
(1970) reported differences in drift rates between larval and adult stages for the elmids
Narpus concolor (LeConte) and Optioservus seriatus (LeConte) from two streams in
Idaho. As was the case in Polecat Creek, the adults in Brusven's study showed a greater
propensity to drift. He attributed differences in drift to differing activities and use of the
microenvironment, especially as it related to vertical distribution. More specifically, we
believe that these differences in drift between adults and larvae result from subtle dif
ferences in food habits and the food gathering process. Waters (1972) stated that food
gathering may be the principal activity resulting in drift. Davis (1981) examined food
habits of three species of Stenelmis adults and Stenelmis larvae from Polecat Creek and
found no differences between adult and larval food selection. Interestingly, those adults
and larvae also showed no differences in drift rates.
Although invertebrate drift is now a well studied phenomenon, a review of the drift
literature indicated that certain taxa from this study have not previously been reported as
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components of the drift. Adamus and Gaufin (1976) compiled a synopsis of those taxa
known to drift and those taxa which exhibit a pattern of diel periodicity. According to that
review. D. rittata and S. crenata had not previously been reported as components of the
drift. nor had D. ,-ittata and M. glabratus been reported as drifting in a pattern of diel
periodicity.
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Table I. Composition, numbers, and mean drift density (no.IIOO m3 ) of elmids from drift samples in Polecat
Creek, Illinois.
May

April
Taxa

No.

3

NoJl00 m

28
4
29
4
6
8

Total

80

NoJ100 m

No.

NoJ100 m

0.78
O. I1
0.80
0.11
0.17
0.22

0.09
0.20
2.7!
0.35
2.80
0.31
0.26
0.26

2
234
12
46
42
20
7

0.09
0.D7
9.84
0,46
1.92
1.70
0.84
0.31

2.22

160

6.93

365

15.23

2

September
3

2
5
62
8
64
7
6
6

0.03

Ancyron}'x variegata Ol
Dubiraphia sp."
D. vittata a
Macronychus sp. b
M. glabratas'
Stenelmis 'pb
S. crenatai1
S. viffipennisa

No.

August
3

No.

NoJlOO m3
0.04

509

22.16

I3
7

5
10

0.59
0.28
0.20
0.41

545

23.68

'Adults.
bLarvae.

Durham, L. and L. S. Whitley. 1971. Biological survey of the streams of Coles County,
Illinois 1967-1970. Water Pollution Control Research Series 18050 DZZ 06171, En
vironmental Protection Agency, Raleigh, NC. 147 p.
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EFFECTS OF APRONS ON PITFALL TRAP CATCHES
OF CARABID BEETLES IN FORESTS AND FIELDS 1
.\larc E. Epstein and Herbert M. Kulman 2
ABSTRACT
This study compared the efficacy of three types of pitfall traps in fOUf forest and two
field habitats. Two traps had aprons and one did not. The two apron traps were the same
except for a gap between the trap and the plywood-apron, allowing captures from above or
below. Traps were placed in a split-plot design and had three replicates of the three trap
types per habitat. The traps were emptied each week from May to September. ANOY A's
were performed on 12 trapped species separately over habitats, weeks, and the in
teractions between them. The nonapron trap captured over 40% more individuals than
either apron trap, though apron traps tended to be more effective in fields for species
found in both habitats. Habitat-trap interactions were only significant in two species.
Trap-week interactions were significant in four species.

Pitfall traps are used for studying surface-dwelling arthropods, earthwofms, and small
vertebrates. Traps consist of a container sunk in the ground, with the open end flush with
the ground surface. Specimens fall in and are unable to escape. Common additions
include ramcO\·ers, barriers, aprons, funnels and, in removal studies, preservatives.
There is disagreement whether or not pitfall traps may be used to estimate either
population densities or relative species abundances within a habitat or between communi
This is
ties. Greenslade (1964) stated that pitfall traps are of little use in this
because the number of trap captures is influenced by factors other than population size.
However. Baars (1979) showed evidence that continuous pitfall trapping over the entire
season for two carabid species gives a reliable measure of populations. Reviews of pitfall
traps in ecological studies are found in Southwood (1978), Uetz and Unzicker (1976), and
Durkis and Reeves (1982).
Greenslade ( 1964) found that traps whose perimeters were cleared of vegetation or litter
had consistently higher catches. This type of trap was also intended to reduce the variation
in catches due to local differences in trap location (e.g., obstacles such as grass tussocks
and minor irregularities of the ground surface). The apron (a board or piece of metal
the
surrounding the top rim of the trap) has a similar function as well as
variability of the ground surface around the traps (i.e., soil and moisture differences).
Cutler et al. «1975) compared catches of dionychious spiders with and without aprons in
Popullls stands. The apron traps caught nearly twice as many of the
as the
nonapron type. Aprons have also been used by Houseweart et al. (1979) along with large
capacity pitfall traps and by Uetz and Unzicher (1976) for wandering spiders.
Carabids are known to commonly occur under stones, logs, or other material. Noctur
nal and diurnal species find refuge under such objects during periods of inactivity (Lind
roth 19691. Fuller (in Allen 1979) found that 0.6 by 1.2-m rectangles of various materials
all had significantly greater numbers of carabids than bare ground of the same size.
Using traps similar to Cutler et al. (1975), except for a gap between the trap and apron,
we often found carabids under aprons. This raised the possibility that perhaps a harboring
lPaper ISo. 14.047 Scientific Journal Series, Minnesota Agricultural Experiment Station, St. Paul,
MN 55108.
2Depanment of Entomology, University of Minnesota, St. Paul, MN 55108.
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effect increased catches. The purpose of this study is to compare the field efficacy of (1)
apron and nonapron pitfall traps, (2) apron traps of two types, and (3) all three traps.
Species, habitats, weeks, and interactions were considered.
MATERIALS AND METHODS
Apron traps were similar to those with an apron used by Cutler et al. (1975) (an
illustration of the three trap designs is found in Fig. 1). Directly above the can, on the
ground surface, was the apron. It was a 0.09 m2 by 0.6-cm-thick, brown-painted piece of
plywood with a hole the same diameter as the can. A 12 cm 2 by 1.S-mm-thick plastic
square with a 9-cm diameter hole was affixed to the top surface of the apron over the hole,
creating an overhang above the can. On apron trap I (trap I) the hole was aligned with the
top rim of the can, though not directly connected to it, and held in place by thin wood
stakes on three sides of the apron. Apron trap II (trap II) was the same as trap I except the
can was connected and sealed directly to the hole in the apron with caulking. The
nonapron trap (trap III) was cleared of litter or turf around the can of the same dimensions
as the apron in the other traps.
All traps had a circular metal can without a bottom, 9.5 cm by 12 cm deep, and a 0.47-1
(16-oz) plastic cup which hung suspended 2 cm from the top of the can. The bottom Y. of
the cup was filled with a solution of 50% ethylene glycol (commercial anti-freeze) and
water. Inside the cup was an insert (Morrill 1975) made from the bottom half of a cup the
same size with fine mesh screen bottom. This allowed the fluid to drain into the cup when
removing specimens. Each trap had a plywood rain cover, with a chicken wire skirt
(2.S-cm mesh) to exclude vertebrates. The rain cover was bolted in three places to the
platform in the apron traps, and to three wooden stakes in the nonapron trap. There was a
gap of 5 cm between the rain cover and the ground or apron.
Nine traps, three of each design, were placed in six sites, for a total of 54 traps at the
Twin Cities Army Ammunition Plant, New Brighton, Minnesota. Each site, a subunit of a
larger habitat pitfall trapped for carabids the previous year, had relatively homogeneous
soils, moisture, and vegetation. There were three blocks in each habitat, each consisting
of the three trap types arranged in a triangle 3 m apart (locations for the three trap designs

Trap I

Trap II

Trap Iii

=
Fig. 1. Diagrams of apron and non-apron pitfall traps. The bottom illustration is in cross section,
excluding the rain cover. The arrow shows that there is no gap between the trap and the apron.
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were selected from three numbered stakes by rolling a die). The distance between blocks
ranged from 5 to 15 m depending on the size of the microhabitat. The habitats included a
dry and a moist old field (OFI and OF2), a mesic oak stand (Oak), a hygric and a mesic
cottonwood stand (CWI and CW2), and a cottonwood-box elder stand on the slope of a
kame deposit (HCW) (Epstein 1982). Traps were emptied at weekly intervals from 2 May
to 22 September 1981.
The procedure for setting out the apron traps differed depending on habitat. In the
forest, leaf litter was cleared from around the can with the apron placed so the top of the
litter was flush with its upper surface. In fields, a piece of turf equal in size to the apron
was removed so the apron was flush with the base of the turf.
Split-plot ANOV A, with data transformed to square root, was performed to test the
efficacy of the three trap designs on 12 common species. Species were tested individually
to remove the bias caused by species with relatively large catches and to look at how
susceptibility to being trapped differs among them. Linear contrasts (Snedecor and
Cochran 1967) were used to compare all combinations of trap designs. A two-way ANO
V A used the proportion of a trap type within a block summed over the season to analyse
habitat-trap interactions within species. The data were transformed to square root. This
removed bias caused by large differences in the numbers of individuals trapped between
habitats. Only data from habitats in which a species was trapped at least 10 times were
used in both analyses.
Specimens were identified by Epstein using the keys in Lindroth (1969) and verified or
corrected by authorities on Carabidae (see Acknowledgments).
RESULTS
O....erall, the nonapron trap (trap III) captured over 40% more specimens of Carabidae
than either apron traps; 1015 versus 600 (trap I) and 606 (trap II). This inequality was
found primarily in forest habitats (Fig. 2).
Species which showed the largest catch difference between trap designs in the split
plot ANOV A included Calathus gregarius Say, Pterostichus pensylvanicus LeConte,
Cymindus americana Dejean, and Platynus decemis
(P < 0.005). The first three
species were captured significantly more in trap If[ compared to either trap I or trap II. P.
decentis was caught more in trap III versus trap II (P < 0.005) than compared to trap I (P
< 0.025). Synuchus impunctatus Say showed less overall difference between traps (P <
0.025) with the only significant difference being more captured in trap III than trap I (P <
0.005).
Data on species which were found in both forest and field (c. gregarius, C. americana,
Dicaelus sculptilis upioides Ball, Pterostichus novus Straneo, and Pterostichus lucublan
dus Say) show that traps with aprons are often more effective than traps without them in
field compared to forest habitats (Fig. 2). Habitat-trap interactions were significant only in
the two-way ANOVA and for only C. gregarius and S. impullctatus (Table 1). Field
specialist species were captured in greater numbers in either traps II or III compared to
trap I <Fig. 3).
P. noms (P < 0.01) and P. decentis, C. gregarius, and C. americana (P < 0.005) all
had significant week-trap interactions in the split-plot ANOVA. Figure 4 shows the
change in effectiveness between the three traps by week for P. nov us and C. americana.
DISCUSSION
An apron around a pitfall trap may act as a barrier to forest dwelling carabids. Carabids
moving about in leaf litter may follow the edge of the apron rather than moving on top or
underneath it. Without an apron carabids reach a clearing on which they move about
freely and become trapped. Aprons made of thin sheet metal like those used by Uetz and
Unzicker (1976) should remedy this.
By contrast, in fields, where there is a greater amount of vertical resistance than in
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forest-litter habitats, carabids move at several levels. They more probably encounter an
apron or a clearing around a non-apron trap from above, Thus, aprons may not act as
much as barriers as they do in forest habitats,
There may be another reason why species that were found in both forests and fields
were often trapped in greater numbers in apron trap I in fields (Fig. 2), Forest species that
either seasonally or pennanently expand into fields are more likely to seek cover under an
apron, similar to the quality of cover available in forests, than field specialists. Field
specialists Calosoma calidum Fabricius, Pasimachus elongatus LeConte, Harpalus op
acipennis Haldeman, and Evarthrus sodalis LeConte, were captured in greater numbers in
traps with less of a harboring effect; traps II and III (see further discussion below),
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Table 1. Trap effect and habitat-trap interactions for three pitfall trap designs for eight
species of Carabidae.
Mean%a
Species
C. gregarius
D. sculptilis

P.
P.
C.
P.
P.
S.
a
b
C

pensylmnicus
noms
americana
decentis
lucublandus
impunctatus

trap I

trap II

trap III

17.8
29.4
24.9
35.7
17.4
30.9
22.4
9.4

17.8
30.4
19.6
30.3
6.4
11.9
26.4
37.3

64.5
40.2
55.5
33.9
76.2
57.1
51.2
53.3

Trap
Effectb
A

Habitat-Trap
Interaction b

Habitats C
in Analysis

A

1,2,3,4
3,4,5,6
3,4,5,6
2,3,5,6
3,4
3,6
2,6
3,5

A
A
A
B

C

Mean proportion between trap designs within blocks; three replicates per habitat.
A = Significant (P < .001), B = Significant (P < .005), C = Significant (P < .05).
1 = OF!' 2 = OF2, 3 = Oak, 4 = HCW, 5 = CW1, 6 = CW2.
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Fig. 3. Percent catches among three pitfall trap designs for four field-specialist species of Carabidae
in two field habitats. Habitats are a = OFI and b = OF2.

The harboring effect may also explain why larger numbers were caught in trap I than
trap II. This was often true of P. decentis, C. gregarius, and C. americana, all species
that are commonly found under logs or rocks (Lindroth 1969, Erwin 1981), though not
statistically significant.
The greater captures of field species such as P. elongatus and C. calidum (Fig. 3) in
trap II may represent the ability of larger species (> 20 mm length) to avoid capture by
grasping the lip of the hole in the apron or the rim of the can with hind tarsi in traps I or
III. A large carabid could span the distance between the hole in the apron and the rim of
the can in trap I, whereas this would not be possible in trap II. Consistently fewer catches
in trap I compared with trap II in a smaller species such as S. impunctatus (Fig. 2) may be
due to the ability to crawl upside down under the apron without encountering the rim of
the can.
Another attribute of trap II may have had an important influence on trap catches,
especially in a wet habitat. This trap, with apron caulked to can, did not take in as much
surface water during rainy periods. In CW1, traps I and III were filled with water nine and
six times, whereas trap II only three times. Carabids which encounter the rim of a can
filled with water, or fall in, are less probable captures because they can sense the presence
of water or swim out. The large numbers of P. novus captured in trap II supports this
hypothesis.
While trap design may not make much difference in the order of magnitude of captures
of an abundant species such as P. novus, trap records for a less common species,
C. americana, points to bias inherent in trap design. Data on C. americana show how
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certain pitfall trap designs may greatly underestimate the relative abundanee of a species
and that the efficacy of traps may not be constant throughout the season (Fig. 4). Traps I
and II caught few or none most of the season, while trap III had initially small catches
followed by a rough bell shape curve of catches.
We have shown that there are differences in how apron and nonapron pitfall traps
perform in forest and field habitats. Though we may only infer the causes for these
differences, our data illustrate the bias inherent even in traps similar in design. We
recommend, therefore, that the use of several pitfall trap designs be considered for carabid
surveys, including several habitats or within a single habitat, to better understand relative
abundances and seasonal activities.
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DETECTION OF BRONZE BIRCH BORER LARVAE AND PUPAE
BY RADIOGRAPHS (COLEOPTERA: BUPRESTIDAE)
John Ball! and Gary Simmons 2
ABSTRACT
Bronze birch borer larvae and pupae were detected in small branches through the use of
a portable X-ray unit. The optimum exposure time was 40 sec at 55 kV.

X-rays have been used in the detection of phloem and wood-boring insects for several
decades. Much of the X-ray research has concentrated on the detection of bark beetles
within wood and bark slabs, but some work has been published on the detection of other
borers. Knight and Albertin (1965) successfully used a Picker 50 kV X-ray unit to study
Oberea schaumii LeConte, a poplar (Populus spp.) twig borer. They also used the unit to
detect various weevils and borers in jack pine (Pinus banksiana Lamb.) and aspen (P.
tremuloides Michx.). John Beaton et al. (1972) used a Picker Ranger 100 for the detection
of the red oak borer (Enaphalodes rufulus Haldeman).
X-rays can be used to detect phloem and wood-boring insects because generally there is
a difference in density between insects and wood (Maloy and Wilsey 1930). When two
different objects arc radiographed fewer X-rays will pass through the denser object to be
absorbed by radiosensitive emulsion of the film. The denser object will appear lighter than
the other object when the negative is held before an X-ray illuminator. However, the
density, hence the absorption to X-rays, changes throughout the life stages of an insect.
X-rays are partially absorbed by water and since larvae contain more water than do pupae
and adults they are easier to detect (Havel 1974). Insect galleries are easily detected. Since
they have extremely little absorption, they contrast both the borer and the wood (Berry
man and Stark 1962). Frass packed galleries do absorb some X-rays but generally there is
still adequate contrast among the borer. galleries, and surrounding wood.
The objective of this study was to provide a quick, accurate, and nondestructive method
of detecting bronze birch borer (Agrilus anxius Gory) larvae and pupae within European
white birch (Betula pendula Roth) branches.
METHODS
The X-ray unit we selected was a Philips Practic with a mobile demountable stand. The
accompanying control desk had adjustments for voltage and time. Voltage could be varied
from 45 to 100 kV at 5-kV intervals. Time was adjustable from 0.08 to 5.0 sec. The
exposure current was fixed at 20 mA. At the suggestion of Dr. Wortman of the Michigan
State University Veterinary Radiology Clinic the film we used was Kodak RP/M X
OMAT.
During April and May 1982, branches were rcmoved from a dying European white
birch. The branches were cut into 25-cm lengths, the diameter measured, then radio
graphed at various kV's and exposure times. After the negatives were developed, the bark
was stripped from the branches to determine if wc had detected all the borers.
lHorticulture Technology Department, University of Minnesota Technical College, Waseca, MN
56093.
2Entomology Department, Michigan State University, East Lansing, MI 48824.
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RESULTS AND DISCUSSION
At 65~85 kV, our exposure time was approximately 20 sec; however image contrast
was
poor. At 45 kV, the exposure time was over 60 sec. Unfortunately,
low
rays are produced at that voltage to cause some secondary radiation.
combat
problem, a 3.6-mm lead filter was placed behind the film to absorb the
secondary radiation. Stacey and Motherhead (1965) found secondary radiation could be
much reduced by placing thin lead filters in front and behind the film, but we found the
one filter more than adequate. Our final technique for radiographing bronze birch borer
larvae in
white birch branches was, for branches 18~38 mm in diameter, an
exposure time of 40 sec at 55 k V, with a target-to-film distance of 75 cm. At this
exposure, all larvae and pupae were clearly visible, even those that had formed a cell in
the xylem.
Our next step will be to determine exposures for penetrating larger diameter branches.
Once these exposure times are obtained, field testing of the unit will begin.
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SOME LIGHT AND TEMPERATURE EFFECTS ON THE BEHAVIOR
OF THE ADULT PALES WEEVIL, HYLOBIUS PALES
(COLEOPTERA: CURCULIONIDAE)
Jeffrey A. Corneil' and Louis F. Wilson2
ABSTRACT
Adult pales weevils react to light and temperature cues regarding their movements in
pine plantations. They remain at the base of their host trees during the day and move onto
the trees after dark. A drop in light intensity to 2 fc triggers this response. Ambient
temperature below 10°C curtails their movements. Weevils placed on the ground are
photophobic at temperatures below 20°C and photophobic and thermophobic above 35°C.
Orientation is erratic above 40°C and heat stupor occurs in a few minutes.

In Michigan the pales weevil, Hylobius pales (Herbst), is sometimes a serious pest in
Christmas tree plantations. It breeds in the root collar and roots of recently killed pines or
freshly cut stumps. Adults feed on the bark of living pines and other conifers, degrading
the shoots and making the trees less profitable at market.
In a companion study (Corneil and Wilson, 1984), we investigated the dispersion and
seasonal activity of the adult weevil in several Christmas tree plantations. Dispersion and
seasonal activity in part were due to temperature and light intensity. This study further
examines the behavior of the adults under various temperature and light conditions found
in pine plantations.
METHODS AND MATERIALS
Field observations and tests were conducted during July and August 1979, in a Scotch
pine Christmas tree plantation in Tuscola County, Michigan. Observations of adult
weevils were made from 2000 to 0100 hrs EST. We recorded the time when weevils
moved from the litter up onto the stem and branches to feed, as well as light intensity,
temperature, and precipitation during the observation hours.
A laboratory test was conducted in July 1979 to examine day and night activity. In the
test, 10 male and 10 female adult weevils were placed in each of two cages (41 by 30 by
25 cm) constructed with plywood frames and nyIon screens. The cages were positioned on
a table near a window facing east, and a light meter was placed on the floor of one cage to
measure light intensity. Scotch pine twigs were inserted into moist sand and placed in the
center of the cage floor to provide the adults with food and a place to climb. Crumpled
paper toweling was laid aroung the twigs to simulate needle litter and provide shelter.
After indoor observations on three consecutive days, the cages were taken to an open field
and the location and movements of adults were recorded hourly from afternoon until after
dusk on four consecutive days. Locomotory and orientation behavior was observed in a
grid in a clearing within the Tuscola County plantation. The 2.1 by 2.I-m grid, oriented
north and south, was marked off on the ground with string at 0.3-m intervals. Small forbs
and debris littered the ground, similar to conditions that normally exist between and under
trees, except that there was less shade. Several Scotch pine Christmas trees were about
'Oregon Department of Forestry, Prineville, OR 97754.
2North Central Forest Experiment Station, USDA Forest Service, East Lansing, MI 48823.
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1,5 m to the east of the grid and a mature stand of bigtooth aspen, Populus grandidentata
Michx, , was about 60 m to the west. No trees were north or south of the grid for at least
200 m,
Locomotory and orientation trials were made on sunny afternoons during the first two
weeks of July 1979, Twelve insect trials were run when soil surface temperatures were
between 12 and 25°C; 17 insect trials were run at temperatures between 3SO and 52°C,
Weevils were brought to the grid in jars kept in a cooler with ice, Each jar was allowed to
warm to ambient condition in the shade for at least I h before using the weevils, Ground
surface temperatures and incident light intensity were monitored in the grid during each
trial, using a thermister thermometer and a light meter in 1°C and I-fc intervals, respec
tively, Weevils were tracked and their trails were traced on a chart similar to the grid on
the ground, They were observed up to 4 h or until they found shelter, left the grid, or died,
One part of the trial was run with a grid constructed on bare compact clay, Except for a
few pebbles, the soil was free from obstructions, This situation was one a weevil would
seldom encounter, but it permitted us to measure the top
a weevil could travel at a
set of given temperatures over unobstructed terrain, Fourteen insect trials were run on
sunny afternoons at temperatures between 30° and 36°C,
RESULTS
During daylight, pales weevils were found on the soil beneath the litter or on the bark of
the root collar of the trees, At dusk, the weevils began moving up the tree stems when the
light intensity, measured at the tree surface of the foliage, dropped to 2 fc, This occurred
around 2000 hrs on most clear nights and somewhat earlier on cloudy nights, On one
evening that was particularly overcast, the weevils began climbing approximately 45 min
earlier than on the previous evening when the sky was clear. All weevils remained near
the bases of the trees when the temperature was below 10°C regardless of light intensity.
Laboratory studies supported our field observations, Caged weevils remained beneath
the paper toweling until light intensity inside the cages fell to 2 fc; then some would climb
onto the screen walls and pine twigs, During the three observation periods, about 50% of
the weevils were on the cage walls or pine twigs 10-20 min after the first one arrived.
When the laboratory lights were turned on, the weevils became motionless and then
gradually moved to the paper toweling on the floor in 65-90 min.
When cages were placed outdoors. weevils followed the same pattern, but their behav
ior was affected by temperature, One evening, when the air temperature was 5°C at dusk,
all weevils remained beneath the paper toweling. During three other evenings, when
temperatures were 11°C or higher at dusk, weevils began appearing when light intensity
dropped to 2 fc, as they did on the trees in the field. About 50% of the weevils appeared
from beneath the toweling within 25-35 min of the first weevil; males and females
appeared at the same time.
In the grid trials at temperatures between 12° and 25°C, the weevils moved very slowly
even though in full sunlight. They did not exceed a walking speed of 8 cmlmin (Fig, I).
At the start of each test, they remained motionless from 0.5 min to almost 10 min before
moving about as if searching for shelter. Most stopped when they found forest debris or
small plants for shelter, and most remained motionless for the rest of the test. A few,
however, resumed movements later on. One insect was tracked for 115 min before it hid
and ceased moving.
Above 35°C the weevils moved much faster but their speed depended less on tempera
ture than terrain (Fig, I). Some weevils moved more erratically and frequently stopped
beneath protective debris, but more often moved again soon after. In the trials with
temperatures above 40°C, the adults circled frequently as if desperately searching for
shelter. When the weevils did not find shelter within a minute, their legs began moving
erratically and they almost lost their balance. These adults entered permanent heat stupor
in less than 2 min. One insect traversing the soil at 46°C soon climbed a grass blade and
remained about 2 cm above the soil for almost 4 h, occasionally moving to test the soil
surface, When the temperdture dropped to 34°C, the weevil left and wandered until it
found a grass clump where it stayed the rest of the day.
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Fig. 1. Walking speeds of adult
weevils at various soil surface temperatures in full sunlight.
Several specimens at terrlpel"atulres above 40°C died in Jess than 2 min after the trials began; all
others survived the test.

Weevils tested on flat smooth clay at temperatures between 30° and 36°C moved from
198 to 482 cmimin with an average of 297 cmimin, more than three times faster than on
normal terrain in a plantation. Most weevils remained immobile for 1-3 min at the start of
each trial and then moved continuously until well outside the grid.
The adults in the 35 grid trials almost always moved away from the sun (Fig. 2).
Seventy-one percent of the insects oriented toward, and then moved in the direction within
the quadrant directly away from the sun (i.e., 45° each side of 180° from the sun) and 91 %
moved in the hemicircle opposite the sun's rays (i.e. 90° right and left of 180°). Three
insects (9%) traveled toward the sun, one almost directly toward it (Fig. 2). The latter
burrowed into the litter after traveling a few centimeters and remained there for most of
the test.
DISCUSSION
In a previous study, we learned that pales weevils follow a consistent daily cycle.
During the day, they remain in the litter near the base of pine trees; at night they move
onto or between trees (Corneil and Wilson, 1984). This study indicates that the stimulus
that initiates evening movements is a drop in light intensity to about 2 fc. Temperatures
below lOoC at or after dusk curtail or halt these evening sojourns. A rise in light intensity
cues the insect to return to the root collar area. It did not rain during this study, but rain
probably curtails weevil movements somewhat, as it does those of the closely related pine
root collar weevil, H. radicis Buchanan, (Wilson 1968).
If weevils come into the open after daylight, as in the grid tests, they will respond
photo-negatively and attempt to reach shelter. When soil surface temperatures are below
25°C. the weevils move slowly and react mostly to light. If they find shelter, they either
stay put until conditions either improve or worsen, or they seek new hiding places. Of
course, dark hiding places, like the root collar area, are seldom available in the open.
Adults reaching the shade of trees usually stay put until nightfall. At 30-35°C weevils
move much more rapidly, their speed depending somewhat on the roughness of the terrain
and their searching behavior. They are still cued almost entirely by light, although tem
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Fig. 2. Angles of locomotion relative to the sun and distances traveled by 35 adult pales weevils
placed in a grid in full sunlight in July. Distance is shown as a straight line drawn from starting
point 10 end point. Lines drawn to outer circle indicate weevil left grid. Time, not shown, ranges
from less than I min to 115 min per weeviL

perature may be partly involved. Their direction of travel is close to 1800 away from the
sun and generally as straight as the terrain permits. In full sun at temperatures over 35°C,
the weevils respond to both light and temperature cues by becoming highly photophobic
and thermophobic. And above 40°C movements are aimed at survivaL The weevils must
find shelter or climb above the surface or they will die within 2-3 min. Although the
weevils can fly, they never do so, even under conditions that can kill them.
The effects of temperature and light on behavior and survival may explain why pales
weevil adults gather beneath host pine trees as do pine root collar weevil adults (Wilson
1968). Most pales weevil adults are found at the base of host pines during the day in the
summer and faIL In the spring, however, most weevils are located around stumps pro
duced from the previous harvest. This behavioral trait may be an olfactory response to the
volatile resins and oils released by fresh stumps in the spring. Volatile attractants in
stumps diminish by June, which coincides with an increased occurrence of adults around
the living trees (Cornell and Wilson, 1984).
Although the survival behavior of the pales weevil adults closely resembles that of the
closely related pine root collar weevil, silvicultural treatments such as low pruning (the
removal of the lower branches and the litter at the base of the trees) would probably not
sufficiently deter this insect as it does the pine root collar weevil (Wilson 1967). Because
the pales weevil breeds in stumps and nornlally not living pines, it still could oviposit on
stumns without difficulty. Low pruning with litter scraping (pulling back the litter 0.5 m
away from the tree base) would probably force the weevils away from the root collar to the
piled litter where they would hide during the day. This treatment, however, would not
prevent them from ascending the trees at night to feed on and injure the shoots.
LITERATURE CITED
Corneil, J. A. and L F. Wilson. 1984. Dispersion and seasonal activity of the pales
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LIVE BRANCHES ON PINE STUMPS DETER PALES WEEVIL
BREEDING IN MICHIGAN (COLEOPTERA: CURCULIONIDAE)
Jeffrey A. CorneiI 1 and Louis F. Wilson2
ABSTRACT
Eastern white pine and Scotch pine stumps with living branches were unattractive to
pales weevil for breeding. When feasible, leaving a few lower branches on Christmas tree
stumps during harvest should prevent weevil buildup.

Pine stumps are the major breeding material for the pales weevil, Hylobius pales
(Herbst) (Pierson 1921, Finnegan 1959). While studying the pales weevil in Christmas
tree plantations in Michigan (Corneil and Wilson, 1984), we noticed that stumps left with
a whorl of living branches were not used for breeding. In Wiseonsin, however, Goyer et
al. (1971) reported that pales weevils attacked living Scotch pine (Pinus sylvestris L,)
trees and stumps left with a living whorl of branches. Our study was made in two
Michigan Christmas tree plantations on Scotch pine and eastern white pine, P. strobus L"
to determine if pine stumps with a living whorl of branches intact would be used by pales
weevil for breeding.
METHODS AND MATERIALS
A preliminary test was made in July 1979 on 30 Scotch pine Christmas trees in a
plantation in Tuscola County, Michigan (TIlN, R8E, S 1). Fifty percent of the trees were
cut so the stumps were left with a whorl of live branches; the other 50% were cut leaving
no branches. All stumps were dug up in September, examined for weevil injury, and then
recorded as infested or not.
Encouraging results of the first trial prompted a second test in 1980. In July, 30 more
Scotch pine and 30 eastern white pine trees were selected in another Christmas tree
plantation in Genesee County, Michigan (T9N, R5E, S22). Fifty percent of the trees of
each species were cut and left with branches as before; the remaining 50% were cut
leaving no branches. In September, seven stumps were selected randomly from each
species and treatment group, dug up, and taken to the laboratory for dissection. The bark
was removed from each stump, and the number of pales weevil larvae, pupae, adults, and
empty pupal cells were counted to determine the level of attack.
RESULTS AND DISCUSSION
In the 1979 preliminary test, only Scotch pine stumps left with branches intact were
uninfested by the pales weevil. All stumps with branches removed, however. were in
fested. Similarly in the 1980 test, eastern white pine and Scotch pine stumps with live
branches did not have any sign of the pales weevil or its injury, nor was there apparent
feeding nor oviposition. All but one stump without branches were infested (Table 1). The
uninfested stump was partially rotted and attacked only by the northern pine weevil,
IOregon Department of Forestry, Prineville, OR 97754.
2North Central Forest Experiment Station, USDA Forest Service, East Lansing, MI48823.
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Table 1. Number of pales weevil attacks on eastern white pine and Scotch pine stumps,
with and without living branches, in the 1980 test.
Stumps with branches
Sample
number
1
2
3
4
5
6
7
Total

E. white pine

Stumps without branches

Scotch pine

E. white pine

Scotch pine

0
0
0
0

0
0
0
0
0
0

9
77
38
29

0

0

31
21
32
19
33
22
8
166

0
0

Ob

50
6
209

Branches on these stumps died during the summer. White pine and Scotch pine stumps
had 14 and 74 attacks, respectively.
b Stump was partially rotted and contained only Pissodes approximatus.

a

Pissodes approximatus Hopkins. Though this sample was small, Scotch pine stumps
averaged 34.8 attacks and were apparently preferred over eastern white pine, which
averaged 23.7 attacks.
Apparently, as long as branches left on the stumps remained alive, the stumps were
unattractive to the weevil for breeding, unlike the situation reported by Goyer et al. (1971)
in Wisconsin. When branches died on two stumps in our test, weevils readily attacked
them; one white pine had 14 and one Scotch pine had 74 attacks (Table 1). These findings
were further supported by the observations of some Michigan Christmas tree growers that
used tip-up stump culture, in which a lower branch is left on the stump and later shaped
into a Christmas tree. When growers stopped using stump culture and cut their trees
normally, problems with the pales weevil began again.
Goyer et al. (1971) also reported flagging of living Scotch pine trees and tree mortality
from larval pales weevil feeding in the roots. Examination of six injured Christmas tree
plantations showed flagging, but it was always associated with adult feeding and not
larval injury. No whole-tree mortality was observed.
In a heavily infested Christmas tree plantation, we examined several living Scotch pines
for root feeding by the weevil and found none. The reason for these differences between
Wisconsin and Michigan Christmas tree plantings is unknown. Perhaps the trees must be
heavily stressed before pales weevils will attack living trees or stumps with live branches.
Most pales weevil problems in Michigan are in the "thumb" area where soils are better
than average for Christmas tree growth and vigor, and only branchless stumps are attacked
there.
Goyer et al. (1971) were also dealing with a complex of three Hylobius species: pales,
radicis Buchanan, and rhizophagus Millers. Flagging due to larval feeding is normally
associated only with H. rhizophagus, but Goyer et al. (1971) noted that 60% of the trees
with flags were injured only by larval pales weevils. Unless the adults they reared were
misidentified, this means there is a strain, new species, or perhaps a hybrid weevil that is
as destructive to living trees as rhizophagus. We recorded a Hylobius complex on Scotch
pine in several stands in Michigan but found only radicis and rhizophagus, and only
where trees were grown for stump culture of Christmas trees but later abandoned (Mosher
and Wilson 1977).
In Michigan radicis and rhizophagus have not yet been a problem where pales is
important. So, until pales weevils take on a new role and attack living trees in Michigan,
we recommend when practicable leaving a whorl of live branches on stumps until final
harvest to prevent pales weevil injury. Then destroy the stumps before establishing a new
plantation.
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NOTES ON MICROCTONUS SPP. (HYMENOPTERA: BRACONIDAE)
INTRODUCED TO IOWA AGAINST THE ALFALFA WEEVIL,
HYPERA POSTICA (COLEOPTERA: CURCULIONIDAE)1
James W. Mertins 2
ABSTRACT
The braconid parasitoid Microctonus colesi was released in Story and Boone counties,
Iowa, but not recovered from collected alfalfa weevils, Hypera postica. Sampled adult
weevils were parasitized at an overall seasonal rate of 41.5% by Microctonus
aethiopoides, although it had not been released in the immediate vicinity.

On 24 September 1981, I released 503 living adult Hypera postica (Gyllenhal) that
came to me from Ohio. These weevils had been exposed in the laboratory as larvae to
attack by female Microctonus colesi Drea, and ca. 60% of them should have contained
immature M. colesi (pel's. comm., J. K. Flessel, Ohio Agricultural Research and De
velopment Center, Wooster). The weevils were released in 17 alfalfa fields in Boone and
Story counties, Iowa, at the recommended rate of 25-50 weevils per field.
The univoltine life cycle of thelyotokous M. colesi includes emergence of the mature
larva from the adult host in the spring, when weevils resume activity and reenter alfalfa
fields. Therefore, the most appropriate time to attempt recovery of progeny from the
released parasitoids was spring 1983 (Dysart and Day 1976). Between 12 May and 13
June 1983, I attempted to visit each release site once per week and to sweep-sample adult
weevils for observation of parasitoid presence. Two of the original 17 fields had been
converted to cornfields in the intervening year, and one additional field was treated with
herbicide just before I attempted the sample in 1983. A fourth field was plowed after I
took my first (and only) sample.
During the 4.5 weeks of sampling, I collected and held for observation a total of 1346
adult alfalfa weevils from the 14 alfalfa fields visited, taking a minimal sample of 30 and a
maximum of 77 weevils/field/season. No M. colesi were reared. Fortuitously, however,
528 individuals of another exotic parasitoid, Microctonus aethiopoides Loan, emerged
from the collected weevils, a seasonal parasitization rate of 41.5%.
Microctonus aethiopoides occurred in every sampled field. although parasitized
weevils were not present on every sampling date in every field. For example. no para
sitoids emerged from the small number (51) of weevils collected from four fields before
23 May; similarly, a few weevils (19) collected from eight fields after 8 June produced
only two parasitoids. The seasonal rates of parasitization by field ranged from 8.7% (in
the field where only one early sample was possible) to 63.3% (in the field that produced
only 30 adult weevils during the season). The earliest date of collection for parasitized
weevils was 23 May (seven of seven fields positive); the latest date was 13 June. Samples
taken between 31 May and 3 June seemed to include weevils most likely to produce
parasitoids. A 31 May sample of eight weevils from field 5 was 100% parasitized; 19
weevils taken on the same day from field 1 were 85.3% parasitized, and 17 from field 14
on 1 June were 85.0% attacked.

'Journal Paper No. J-1I302 of the Iowa Agriculture and Home Economics Experiment Station,
Ames, IA 50011. Project No. 2558.
2Department of Entomology, Iowa State University, Ames, IA 50011.
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The omnipresence of and high rates of attack by M. aethiopoides are all the more
remarkable when one realizes that (to my knowledge) it had not been released in any of
the study areas. The first Iowa release of M. aethiopoides was in distant Lee County in
1975 (pers. comm., J. R. DeWitt, Department of Entomology, Iowa Stale University),
but none was ever recovered there. The first Iowa specimens were collected in five other
eastern counties in 1980 (USDA 1980l. The nearest release (one of dozens in the current
USDA parasitoid redistribution progr~rn) was in 1981 in Lafayette Township, northeast,
but adjacent to the study areas.
Microctollus colesi (to my knowledge) was never released in Iowa before this effort,
but it was collecled from at least two southwestern counties as early as 1981 (unpublished
report, USDA, APHIS, PPQ, Niles, MI). What has become of M. colesi in the release
sites·J I do not know. But M. aethiopoides often has been associated in the past with
suppression of alfalfa weevil populations (Dysart and Day 1976), and its great success in
penetrating the central Iowa infestation is sufficient cause for optimism.
ACKNOWLEDGMENT
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EFFECT OF WHITE SPRUCE RELEASE ON SUBSEQUENT
DEFOLIATION BY THE YELLOWHEADED SPRUCE SAWFLY,
PIKONEMA ALASKENSIS (HYMENOPTERA: TENTHREDINIDAE) 1
B. W. Morse and H. M. Kulman2
ABSTRACT
Hand release of 22 5-year-old white spruce, Picea glauca (Moench) Voss, dramatically
increased the amount of defoliation by the yellowheaded spruce sawfly, Pikonema alas
kens is . The percent defoliation of the released trees was six times the defoliation in the
control trees. A light overs tory for young white spruce is suggested as a silvicultural
method of reducing defoliation by this sawfly.

In north central Minnesota, the yellowheaded spruce sawfly (YHSS), Pikonema alas
kensis (Rohwer), is the most important defoliator of young white spruce, Picea glauca
(Moench) Voss, plantations. This univoltine sawfly feeds on the current year's foliage
from early June to July, when the larvae drop to the ground to overwinter.
Population outbreaks usually occur on south facing slopes before crown closure (Morse
and Kulman 1984). In addition, severe defoliation has been observed after mechanical and
chemical removal of hardwood overstory. It was the purpose of this study to document the
effect of release on subsequent YHSS-caused defoliation of white spruce.
METHODS
The study took place in a 1.5-ha, 5-year-old white spruce plantation located in the
Chippewa National Forest, Minnesota. Approximately 70% of the trees were overtopped
predominately by aspen, Populus spp. There were 3000 to 5000 aspen stems/ha.
Fifty spruce trees were selected of the same size and with the same amount of overtop
ping. One half of the trees were randomly selected for treatment in September 1982, and
the other half were used as untreated controls. The treatment consisted of cutting all
light-competing vegetation within 1.5 m from the spruce. Percent defoliation of the
current year's foliage, and terminal shoot length were then recorded.
The following August, after the larvae had completed feeding, percent defoliation and
terminal shoot length were again measured for both groups. An angular transformation of
percent defoliation was performed to stabilize the variance. Student t-tests were used to
compare the difference between the groups and years.
RESULTS AND DISCUSSION
There was little defoliation, less than 0.5%, recorded in 1982 for both groups (Fig. 1).
Seven marked trees were not relocated the second year and were dropped from the
analysis. In the control group, the average defoliation significantly increased in 1983,
indicating a general popUlation buildup (P = 0.018). A dramatic increase of defoliation
occurred after the trees were released in the treatment group (P < 0.001). In 1983, there
'Paper #13,970, Scientific Journal Series, Minnesota Agriculture Experiment Station, Saint Paul.
2Department of Entomology, University of Minnesota, S1. Paul, MN 55108.
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Fig. 1. Response of yellowheaded spruce sawfly-caused defoliation of plantation white spruce to the
release, or removal, of a hardwood overstory in the Fall of 1982.

was a six-fold increase of defoliation in the treatment over the control (P < 0.001).
Increases of defoliation occurred in 21 out of 22 of the released spruce. Half of the control
trees showed an increase of defoliation, while the rest remained the same.
White spruce in sunny locations such as roadsides, lakefronts, and pastures, tend to be
heavily defoliated by the YHSS (Morse 1982). Observations of adult behavior indicate
that it is a sun-loving insect (Bartelt et al. 1982). These observations help explain why
defoliation increased following the release of shaded white spruce.
Terminal shoot growth did not differ between the two groups in 1983 (P > O.S), yet
with only one growing season, no inferences can be made about the effect of this release
on growth. It could not be determined whether sawfly-caused defoliation resulted in
greater growth loss than that due to overstory suppression. White spruce is considered a
shade-tolerant species (Barker 1949), withstanding 30-40% overtopping during the first
10 years after planting (Roe 1955). A recent study showed that south-facing
had the
highest risk of YHSS-caused defoliation (Morse 1984). From a management point of
view, high-risk, south-facing slopes could be left with a light overstory during the period
before crown closure to prevent heavy defoliation by the YHSS.
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THE ECONOMICS OF SPRUCE BUDWORM OUTBREAKS
IN THE LAKE STATES: AN OVERVIEW
Debra 1. Huff, Bruce A. Montgomery, 10hn A. Witter, and G. Robinson Gregoryl
ABSTRACT
Economic effects of spruce budworm outbreaks in the Lake States were examined. The
recent outbreak caused spruce and fir mortality on 420 thousand ha (I.OS million acres) of
commercial forest land in the Lake States. Two models of Lake States spruce-fir markets
were developed. A Static Economic Model established the nature of the Lake States
spruce-fir market and a Comparative Static Model examined changes brought about by
spruce budworm outbreaks.
Outbreaks result in short-run supply shifts which probably decrease total revenue to
stumpage owners but do not affect demand. The magnitude of long-run impacts were
dependent on developing Lake States markets and forest management techniques.
Further research is necessary on the value of short-run losses to stumpage owners so
that the costs of forest management can be compared with outbreak losses. Long-run
shifts in demand can be facilitated by attracting new industry to the area, developing new
markets for the spruce-fir resource, and demonstrating that the spruce-fir resource can
provide a continuous fiber source in the future.
These shifts would provide the price incentives that land managers require to undertake
intensive forest management. Research on the development of new markets for the
spruce-fir resource is needed. As markets develop, the long-run impacts become less
severe. Technology transfer programs already exist to aid land managers in developing
management strategies to increase yields of spruce-fir and minimize outbreak impact.

Outbreaks of the spruce budworm, Choristoneura fumiferana (Clemens), can cause
extensive mortality and growth loss to balsam fir (Abies balsamea (L.) Miller) and white
spruce (Picea glauca (Muench) Voss). In terms of the Lakes States forest resource, the
quantity of this resource is changed in the short run and the species and age class
composition may be affected in the long run due to spruce budworm outbreaks (Witter et
al., in press). Although historical and current levels of physical damage have been evalu
ated, the effects of this damage on the Lake States forest products market have not. An
understanding of market response to spruce budworm induced changes should be prereq
uisite to attcmpts at quantifying economic losses or undertaking spruce budworm related
management activities. Quantification of losses may be over or understated if extrapolated
from a locality to a region, as a result of the variable nature of the resource and local
market conditions. Additionally, the effects of resource availability on the regional market
should be examined before related expenditures are made. If the losses are not high in
value, perhaps no action is desirable even though the physical losses are extensive.
Tree mortality occurred on 420 thousand ha (1.05 million acres) in the Lake States
during the most recent budwoml outbreak (Kucera and Taylor 1983). Very little detailed
information on the biological impact of the spruce budworm on spruce-fir stands in the
Lake States was available in the mid-1970's. In 1977 and 1978, researchers at The
University of Michigan designed a seven-year study to quantify the impact of the spruce
budworm in the Upper Peninsula of Michigan (Mog and Witter 1979). Detailed biological

of Natural Resources, The University of Michigan, Ann Arbor, MI 48109.
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impact infonnation has been published (Witter et aI., in press; Lynch et a1.l982a-d; Mog
et al. 1982). A detailed economic analysis concerning the value of these losses is being
completed.
Mortality of balsam fir and white spruce was widespread in the Lake States during the
1970's, but the regional aspects of this loss have not been addressed. The objective of this
paper is to provide an overview of the Lake States spruce-fir market and to identify
changes that result from spruce budwonn outbreaks. The material covered includes sec
tions on the spruce-fir resource, static economic model, and market dynamics once bud
wonn outbreaks occurred.
THE SPRUCE-FIR RESOURCE
The Lake States region is defined as Michigan, Minnesota, and Wisconsin. Most of the
Lake States spruce-fir type is located in the northern portions of these states. Using United
States Forest Service (USFS) data, the relevant Survey Units are Northern L.P., Eastern
U.P., and Western U.P. in Michigan, Northeastern and Northwestern Wisconsin, and
Northern Pine and Northern Aspen-Birch in Minnesota (Fig. 1). In the northern Lake
States, over 6% of the commercial forest land area is occupied by the spruce-fir type
(Jakes 1982, 1980; Smith 1982; Spencer 1982). Over 56% of this area contains stands
over age 40. These stands are more susceptible to spruce budwonn outbreaks than youn
ger ones. An additional 405 thousand ha (I million acres) are vulnerable to spruce
budwonn outbreaks where the spruce-fir-component represents less than 50% of a stand.
Growing stock volume is similarly concentrated in the mature and ovennature age
classes. Approximately 75% of the growing stock volume is concentrated in the over 40
year age class. Size class data indicates that only 23% of the acreage in the spruce-fir type
contains seedling-sapling stands. The remainder is in pole size and sawtimber stands
(Jakes 1982, 1980; Smith 1982; Spencer 1982). The concentration of the spruce-fir
resource in mature and ovennature stands not only provides a condition which favors
spruce-budwonn outbreaks, but may result in severe mortality.
Balsam fir, white spruce, and black spruce (P. mariana (Miller) B.S.P.) made up
11-12% of pulpwood production in the Lake States from 1976 through 1981 (Jakes 1982,
1980; Smith 1982; Spencer 1982). During 1979, 95% of the balsam fir pulpwood con
sumed in the Lake States was also harvested in the Lake States. Balsam fir and white
spruce are also used as saw log species in the Lake States but this market is currently a very
small component of spruce-fir demand. Other markets exist almost entirely on a local
level.
THE STATIC ECONOMIC MODEL
The Static Economic Model establishes the nature of the supply and demand for Lake
States spruce-fir before the effects of spruce bud worm outbreaks. Assumptions of the
model are that the short-run market for the spruce-fir resource is pulpwood, other markets
are inconsequential, there is perfect substitution among softwood species, hardwood and
softwood markets are independent, and the market is not perfectly competitive. Both the
short run and the long run are examined.
I. Short-Run Analysis

In economics, the short run is characterized by one or more fixed factors of production
while in the long run, there are no fixed factors. Thus, in the long run, finns are able to
adjust production to a degree which may not be possible in the short run.
A. Short-Run Supply. Supply is a function of the change in costs as quantity changes.
Costs include pulpwood production costs and stumpage production costs. Both aspects of
short-run spruce-fir supply, stumpage and pulpwood production, will be examined.
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Fig. I. USFS Resource Evaluation Survey Units for Minnesota, Wisconsin, and Michigan.

1. Stumpage Supply. Production of stumpage requires a lengthy growing period.
Short runs of 50 years or more in the stumpage market are not unusual (Gregory 1972).
The amount of stumpage offered for sale depends on owners' objectives and expectations
(reservation price), silvicultural inputs, and biological or physical limitations (Row 1980).
Private owners of stumpage have a reservation price below which they will not sell
(Gregory 1972). Adams (1975) noted that privately owned stumpage supply in the Lake
States is considered price responsive or elastic. Price elasticity measures the responsive
ness of quantity to changes in price. Therefore, private owners are expected to increase
the quantity of spruce-fir stumpage supplied as prices rise. If the stumpage supply curve
were inelastic, the increase in quantity supplied would be relatively less or non-existent as
price rose.
In contrast, industrial owners may constrain price responsiveness in the short run to
maintain a continuous fiber flow in the long run.
On USFS lands, the volume of stumpage offered for sale is determined by an allowable
cut calculation. Minimum prices on USFS sales are based on production costs and product
prices and are bid on in the open market. The volume of stumpage offered for sale does
not normally change as a result of price behavior. Therefore, the supply from USFS land
is essentially inelastic (price unresponsive). State and county lands are more price respon
sive than USFS, but less than private.
Thus, softwood stumpage supply is the summation of the elastic supply from private
land, an elastic (but less elastic than private) corporate supply which is not a large part of
the market, and a relatively inelastic public supply (Fig. 2).
2. Spruce-Fir Pulpwood Supply. The cost of stumpage and all other costs are added
together to obtain the total cost of producing pulpwood. The supply curve for pulpwood is
determined by the marginal or incremental costs of production. Usually, when owner
preferences change, or the volume of available stumpage is changed, the cost curves
associated with stumpage also change. This will also alter the costs involved in providing
spruce-fir pulpwood. If the available volume of stumpage is decreased, the supply curve
will shift from S to S' (Fig. 3). The effect is the same if owner preferences change and
stumpage is more valuable to them. Both instances reflect an increased cost of providing
the stumpage.
The cost of getting the material to market, including harvesting, labor, and transporta
tion, must also be computed into the pulpwood supply curve. Differences in the nature of
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Fig. 2. Aggregate stumpage supply: (a) components, (b) supply curve after aggregation.
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Fig. 3. Pulpwood supply response to a decrease in stumpage volume or an increase in owner
reservation prices.
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the resource, including species peculiarities, logger preferences, producer preferences,
and risk will also alter the costs.
Costs can rise quickly in the short run due to relatively fixed amounts of equipment and
wage-labor. To increase production in the short run, the producer must hire more labor,
which is not always readily available, or pay overtime wages. Equipment capacity is not
generally variable in the short run. The rapidly rising costs of producing pulpwood cause
cach individual producer's supply curve to be inelastic. Therefore, individual producers
can only alter the quantity they supply in the short run by a small amount in response to a
change in price. However, the large number of pulpwood producers who enter and exit the
market quickly cause the overall pulpwood supply to be elastic even in the short run.
Pulpwood supply for all species in the Lake States has been relatively elastic (Adams
1975). A computer-based pulpwood supply curve for the Lake States was projected by
Bradley et al. (1980). The curve illustrated the elastic pulpwood supply curve over time
(Fig. 4). Specific pulpwood species which are abundant and relatively inexpensive to
produce may have supply curves which exhibit even greater elasticities than the overall
supply curve. Leuschner (1973) found this for aspen pulpwood in Wisconsin. The spruce
fir type is thought to be similar in pulpwood supply elasticity.
B. Short-Run Demand. Pulpwood constitutes the major demand for the Lake States
spruce-fir resource, although other uses may develop in the long run. The discussion of
short-run demand will consider only pulpwood demand but the analysis of long-run
demand includes the possibilities of new markets. Demand for pulpwood is price inelastic
in the short run. The very high expense of starting or stopping paper-making equipment
precludes price responsiveness in the short run (Sherif 1983, Adams 1975). Capacity of
paper-making machinery was found to be the sole determinant of pulpwood factor demand
in Wisconsin (Leuschner 1973). Because specified mixes of fiber lengths (hardwood and
softwood) are needed, separate demand curves are assumed for hardwoods and soft
woods.
Demand for spruce-fir pulpwood is similar to demand for a product in a perfectly
competitive market because spruce-fir pulpwood is easily substituted by other softwood
species. Thus, the demand curve for
pulpwood is close to a straight line (very
elastic) up to fixed capacity limits.
current plant capacity limits are reached, greater
quantities of pulpwood cannot be used regardless of the price. Demand will slope abruptly
downward after capacity limits are reached and become relatively unresponsive to
changes in price (inelastic). Demand may not be perfectly inelastic after the capacity limit
of pulp and paper mills is attained because different markets (e.g., firewood) may respond
(Fig. 5).
Few firms demand pulpwood in the Lake States. These firms are thought to maintain
somewhat higher prices than equilibrium conditions would indicate. There are two possi
ble reasons for this. First, higher current prices will provide greater incentives to private
owners to maintain fiber production into the future. In this way a high price acts partially
as an insurance policy. Second, pulpwood and stumpage costs are a very small portion of
the total costs of operation. It may cost more to haggle each sale than to set a single
which is somewhat above the competitive equilibrium.
C. Market Analysis. The short-run market for spruce-fir is currently (1983) in dis
equilibrium. Biologically, the current annual net growth of the growing stock of balsam
fir and white spruce forest types is over 120 million ft3 annually while removals are just
under 40 million ft3. In many areas the spruce-fir group has the largest annual net growth
for softwoods. Many owners claim that they would be willing to sell more spruce-fir
stumpage than they are able to under present conditions, even if this resulted in lower
prices. The situation seems to be approximately as shown in Figure 5.
For example, if the market price is Po, a "surplus" results. The amount that market
price Po exceeds the eqUilibrium price is apparently paid as an incentive to stumpage
producers or is a result of time lags in market price adjustments, or both. The surplus
quantity is measured by the distance ~b or aD. If price does not respond, as stated, the
surplus problem will be chronic.
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Fig. 5, The short-run market for spruce-fir pulpwood,

II. Long-Run Analysis
A, Long-Run Supply. In the long run, the production of sprucc and fir is more
flexible. Landowners and managers can choose to produce nothing, or as much as the land
can produce. Decisions regarding production of spruce and fir, and all forest species. are a
function of (1) costs involved, (2) physical or biological constraints, (3) long-term objec
tives, (4) technological change, and (5) the produccr's expectations. All inputs and costs
become variable in the long run. Profits and losses will also attract or drive out producers
in the market, contributing to expansion or contraction of supply.
The supply curve for softwood pulpwood is a function of the total production costs,
including stumpage. This supply curve is the horizontal summation of the component
species' supply curves. This means that all softwood pulpwood
individual supply
curves are added together to produce an aggregate species pulpwood supply curve. It is,
however, assumed that costs for all species rise as quantity production increases so there
are no horizontal supply curves.
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The emergence of new markets may affect long-term objectives through changing
expeetations. If new markets induce higher prices, expansion of spruce-fir production
may increase overall supply. A specific product supply curve may shift in the long run.
Developing lumber markets may divert some of the resource previously used for pulp
wood, and the resultant rising prices would encourage an increase in spruce-fir produc
tion. Expansion of the pulp and paper industry in the Lake States is also anticipated; this
would provide some additional positive incentives for management of the resource.
Future developments in timber supply are rarely foreseeable. Often the time spans
contemplated are so long that unexpected factors may become the most important ones
(Montgomery et al. 1975). Technological changes that may decrease the cost structure of
producing pulpwood or create new markets for the resource are difficult to predict but
would have major influences on future supply. As in the short-run supply analysis,
stumpage supply and the spruce-fir pulpwood supply will be examined separately.
L Stumpage Supply. Long-run stumpage supply represents the relationship between
the volume of stumpage supplied at a given price and time. Three main factors affect this
relationship: forest management, land, and ecology.
a. Management. Forest management decisions are an important factor in assessing the
long-run stumpage supply curve. Supply may be affected by decisions regarding regenera
tion, harvesting, and objectives.
Regeneration decisions by land managers will determine the composition of the timber
supply in the future. Conversions to other species would shift the long-run supply curve
for spruce-fir pulpwood stumpage, reflecting an increase in costs and reduced yields. This
indicates a decreasing quantity supplied if prices remain constant.
Conversions from the spruce-fir type are based on future price expectations, owner
needs and preferences, and site quality. Converting sites occupied by spruce-fir to other
species would be expected on the best sites. Eventually, less productive land would be left
in the spruce-fir type. This would result in a smaller quantity of spruce-fir available at
given prices. Presently, conversions are occurring on a small scale and are generally
concentrated on forest industry lands and to a lesser degree, on government lands. With
increased management in the Lake States, spruce-fir sites are often converted to species
other than balsam fir. Privately held lands are not often converted, perhaps due to the
investment involved. As a result, private non-industrial landowners in the Lake States are
expected to continue to produce the spruce-fir type in the future.
Harvesting methods can also affect spruce-fir regeneration. Fir commonly occurs with
aspen (Populus spp.), or paper birch (Betula papyrijera Marsh). Once c1earcut, these
stands usually develop a well-stocked aspen stand from sprouts. Spruce-fir stands which
are salvaged or harvested may convert to aspen, birch, or conifers but eventually come
back to spruce-fir (Flexner et al. 1983). Cost-free changes, such as perpetual spruce-fir
natural regeneration, increase the volume of spruce-fir in the long run. This means a
greater quantity would be available at given prices.
Management objectives are highly variable among ownerships and each ownership
affects long-run supply differently. Government decisions are often based on criteria other
than timber production such as providing recreation or wildlife habitat. Some government
agencies, such as the USPS operate under even-flow and multiple-use mandates to insure
a steady available volume of stumpage. This volume varies somewhat as biological
estimates are changed, revised, or species composition changes but the long-run timber
supply from public land can be viewed as a relatively steady flow.
Forest industry corporations seek to earn profits on their land ownership but may also
seek to reduce the uncertainty of stumpage supply. Corporations may plant lands more
economically suited for natural or custodial management because pulpmills require a
certain supply of particular species types to avoid mill down-time. Survival of the firm is a
higher priority than incurring short-term losses from lower forestry returns (Montgomery
et al. 1975, lrland and Runyon 1984).
Conversions of the spruce-fir type to other species usually accompany industrial plant
ing activities. As future conversion costs rise, however, industry may seek to maximize
profits by maintaining natural stands of spruce-fir and by managing them more in
tensively.
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The remaining group of landowners, non-industrial private ownerships, can be char
acterized by short ownership tenure, differing expectations, and many different manage
ment objectives. Stumpage supply from private lands, however, has been observed as
price responsive (Row 1980). Producing stumpage is only one objective and many owners
do not consider stumpage production a primary objective. Rather, recreation, wildlife, or
another use may be the primary objective. The private ownership contribution to stump
age supply also depends on the inventory volume as a whole. When the total volume of
stumpage is high (given the same objectives) landowners are more responsive to stumpage
price changes than when the total volume is low (Row 1980). Thus, as the total volume of
available stumpage decreases, the long-run private stumpage supply curve will shift left,
implying higher costs (the stock effect).
b. Land. Land is another major factor that will affect the long-run supply of spruce-fir
stumpage. Land use for timber production will be expanded or contracted in response to
price movements. Land can increase stumpage supply as the quantity devoted to stumpage
production increases, as the quality ofthe land used for stumpage production increases. or
as productivity on current land used is enhanced. Trends indicate that over 509C of the
commercial forest land in the Lake States will still be privately held in the year 2030
(USDA 1981). If private ownership of commercial forest land declines over time. then the
long-run spruce-tir stumpage supply from this source will decrease. The quantity of
industry-owned land is also projected to decrease and it is assumed that this will result in a
corresponding decrease in the amount of industry owned spruce-fir stumpage. Publicly
owned land is not projected to change significantly.
c. Ecology. In the absence of fire, stands of aspen and birch succeed to spruce and fir.
Succession to the spruce-fir type increases the spruce-fir stumpage quantity available at
given prices. Disturbances such as fire and spruce budworm outbreaks would also affect
supply. The physical supply, diminished in the short run, may increase or decrease in the
long run. Fire may maintain pioneer species such as aspen and birch if it occurs regularly.
Outbreaks of spruce budworm, while decreasing spruce-fir volume in the short run. would
contribute to greater long-run volume by allowing advance fir regeneration to successfully
compete with tolerant hardwoods.
2. Spruce-Fir Pulpwood Supply. If spruce-fir stumpage volume decreases in the long
run and the best spruce-fir sites are converted, harvesting costs for spruce-fir would rise.
Less volume of spruce-fir would be produced on a given land unit so costs per unit would
be higher. Transportation costs would be higher if more remote areas needed to be
harvested. These increased costs of harvesting and transporting stumpage translate into a
decrease in the quantity of spruce-fir pulpwood supplied at a given price because produc
ers would substitute less costly species. Real price increases (adjusted for inflation) in
labor or other costs will likewise decrease the amount of pulpwood supplied.
By lowering costs, technological changes may increase the available quantity of pulp
wood. Greater efficiency means lower costs (Hatch et al. 1976). Better utilization through
new harvesting methods, such as whole tree chipping, can yield higher returns to oper
ators. Increased utilization is equivalent to either increasing the growth rate or decreasing
mortality. New methods and better equipment have an effect similar to increasing the
available supply at current prices.
A summary of the factors and their effects on the long-run spruce-fir supply is presented
in Table 1.
B. Long-Run Demand. In the long run, new markets may develop which will alter
demand for the spruce-fir resource. Although U.S. demand for pulpwood is projected to
increase more than 90% by the year 2030 (James et al. 1982), demand for particular
factors, such as fiber type, may change (Leuschner 1973). The high capital costs of
constructing new mills may induce industries to expand at good locations. In tum, indus
tries gear their mill needs to species which they believe plentiful enough to ensure no mill
shutdowns. The vast hardwood resources of the Lake States have attracted industry
(James et al. 1982, Adams 1975). Trends in the Lake States indicate that while the use of
aspen and dense hardwood pulpwood has increased about 3.5% annually since World War
II, the use of softwood pulpwood has decreased about 1% annually (Lothner 1974).
Technology which allows greater use of hardwoods by Lake States mills has caused the
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Table I. Changes in long-run spruce-fir quantity supplied in response to various factors.
Ownership
Factor

Government

New markets
Conversions to other spe
cies
Anticipated owner objec
tives
Decrease in quantity of
land
Rising costs
Technological improve
ments
Overall expectation
% ownership of total
spruce-fir in Lake
States

Forest Industry
Corporation

Private
increase

small
decrease

decrease
decrease

unknown

small
increase

decrease
unknown
small
increase

decrease
decrease
small
increase

stable

decrease

unknown

30

to

60

softwood pulpwood demand to decrease. A related decrease in Lake States demand for
spruce-fir pulpwood may be occurring now as hardwood fiber is substituted for softwood
fiber.
However, the long-run improvement of several markets for spruce-fir is probable.
Balsam fir and spruce are usable as dimension lumber in the Lake States (Sinclair et al.
1981). Other markets include recreation, wildlife, and exports. Each has the potential to
increase long-run demand.
Exports may become more important as world demand increases. The reintroduction of
moose into Michigan's Upper Peninsula will increase the need for the spruce-fir type, as it
is a preferred food. Spruce-fir is important thermal cover for deer in some areas. Values
for wildlife of the spruce-fir type have not been estimated at this time, although it is
assumed that they are positive.
Recreationists often enjoy the remote, glaciated areas which the spruce-fir type occu
pies. The visual and olfactory aspects which the spruce-fir type adds to the recreational
experience is also assumed to be positive, even though the actual value has not been
estimated.
C. !VIarket Analysis. Overall, the long-run supply may be stable. Much depends on
private owners, who own the majority of the resource. Large scale conversions, which are
not foreseen, could alter this conclusion. New markets figure prominently in changes in
demand and supply. Although the quantity desired at current prices has been decreasing
new markets are developing and current markets are expanding. Thus, demand for Lake
States spruee-fir will soon become stronger. The current surplus of spruce-fir will not
likely recur in the future; a demand shift for spruce-fir stumpage may bring the market to
equilibrium.
COMPARATIVE STATIC MODEL
The Comparative Static Model examines the supply and demand for spruce-fir after the
effects of spruce budwonn outbreaks. It is an extension of the Static Economic Model
developed in the previous section. Periodic spruce budworm outbreaks cause extensive
mortality in mature spruce-fir and create favorable open conditions for balsam fir
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regeneration. A very stable pattern of fir replacing fir in the absence of fire is usually
maintained.
Specific damage varies among bud worm-infested stands by stand age, density, size,
and loeation (Witter et a1. 1984). Tree mortality is caused by heavy defoliation over time.
After losing 75% or more foliage, or after about five years of repeated severe defoliation,
trees do not generally recover (Witter et a1. 1984). Old, overstocked stands which are less
vigorous usually die after three to five years of defoliation, while young vigorous stands
can survive five or more years. Mortality in mature fir stands usually ranges from 70 to
100%, while mortality in immature stands varies from 30 to 70% (MacLean 1980).
Spruce budworm outbreaks are usually so widespread that they can quickly decrease a
region's timber supply by a large volume.
Mortality does not always occur but growth loss and injury often appear. After three
years of severe defoliation, the terminal leader is killed. If the tree recovers, its value may
be significantly reduced by buried dead terminals. Top-kill can decrease tree height by
O.3~3.66 m and is more severe in trees in lower crown classes (Witter et al. 1984).
Increment loss in diameter growth can range from 50 to 90% during an outbreak (Munro
et a1. 1979). Growth loss alters both stem diameter and height from that normally ex
pected and is often accompanied by a change in qUality.
Susceptibility to invasion by secondary insects and diseases is also increased as balsam
fir and spruce are stressed. Bark beetles are attracted to dead and dying trees and invasion
by heartwood fungi is likely if top-kill occurs to a diameter of 7 cm or greater.
A positive aspect of the mortality caused in certain stands is the natural thinning effect
which allows the surviving trees to put on rapid growth after release. The number of
surviving trees is dependent on the length of time over which severe defoliation has
occurred, tree species and vigor, and location of the tree or stand within the forest.
Negative impact, such as mortality, growth loss, and increase in disease susceptibility, are
usually greater than positive effects in the form of growth gains from the natural thinning
effect. Long and short-run effects are discussed separately.
I. Short-Run Analysis

Spruce budworm outbreaks cause two shifts in the short-term stumpage supply curve.
The fIrst shift occurs as landowners realize that salvage must take place immediately or
the resource will be lost. For many, the reservation price falls. This causes the supply
curve to shift from S to S' (Fig. 6). During an outbreak, a large property may yield more
dead and moribund wood than can be sold, suggesting that even though owners might be
willing to drop stumpage prices, the quantity mills will buy would not necessarily re
spond. If stumpage prices are relatively fixed, as hypothesized in the Static Model, the
"over-supply" or surplus of spruce-fir stumpage which owners wish to sell will increase.
Thus, in the Comparative Static Model, the Static Model surplus in supply of-o;;qb
increases to~.
If prices of spruce-fir move downward in response to the outbreak, the quantity which
owners desire to sell will fall. If prices fall to P l from Pe (Fig. 6), the quantity owners will
wish to salvage will decrease to Qd' Even though the available quantity has decreased, it
remains in excess of the amount mills can process. At this price, the total revenue received
by stumpage owners will decrease. The darkened rectangle represents the additional
revenue owners will eam by lowering price and increasing quantity sold. The lined
rectangle represents the lost revenue which would have been received without the lower
price. Clearly, the revenue lost exceeds the revenue gained to stumpage owners.
The second shift in the short-run stumpage supply curve is caused by timber mortality
resulting from spruce bud worm outbreaks. As the available physical volume of spruce-fir
decreases, the supply curve shifts to S". However, due to the large surplus volume of all
pulpwood species in the short run, it is unlikely that even this shift will absorb all the
available spruce-fir pulpwood. The surplus after the leftward shift will diminish to (Q;Qd)
assuming that price remains at Pt. This is reasonable since stumpage demand is derived
from pulpwood demand. Even after this shift, a surplus of spruce-fir material will remain,
equal to 1TeQf.
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Fig. 6. Short-run effects of spruce budworm outbreaks on short-run stumpage supply.

Pulpwood production also changes as a result of the spruce-fir stumpage supply shifts.
The quantity of spruce-fir harvested may increase slightly as a result of the immediate
increase in stumpage availability. As the spruce-fir price falls, producers will substitute
spruce and fir for other species. Trends in pulpwood production support this. Balsam fir
pulpwood production increased by 6.3% between 1969 and 1978 in the Lake States. This
is attributed to salvage harvests (Blyth and Smith 1981).
Producers may harvest more than they can sell. There are reports of pulpwood "sitting
in the yard" waiting for a buyer in some areas. Thus, a surplus of spruce-fir pulpwood,
like that of stumpage, also exists at the current market price (Pig. 7). As the stumpage
supply shifted to S', pulpwood supply also shifted and the surplus was created. Later,
stumpage costs may rise and supply may shift to S", so pulpwood buyers would substitute
other species and pulpwood supply would shift back to S. The shift in spruce-fir stumpage
supply to S" indicates a decrease in quantity at prevailing prices. This would not result in a
decline in the pulpwood supply per se but only in an adjustment of the species mix.
In summary, spruce budworm outbreaks in the Lake States probably create revenue
losses to stumpage owners and produce a temporary "excess supply" situation in the
pulpwood market. Demand is not influenced by spruce budworm outbreaks, although the
price level may drop in response to the greater availability of salvage volume.
II. Long-Run Analysis
Spruce bud worm outbreaks may decrease the quantities of spruce and fir in the market
over the long run. The available quantity will decrease if spruce-fir stands are converted to
other species. However, if spruce-fir stands are maintained and managed more in
tensively, the long-run supply curve for spruce-fir would shift, indicating greater quanti
ties of the resource available. Subsequent price changes depend on both supply and
demand shifts. If the current trend favoring hardwoods over softwoods continues in the
future, then spruce-fir demand will be dampened and the price and quantity demanded of
spruce-fir will be falling. National trends indicate an increasing pulpwood demand, so it is
likely that the Lake States softwood pulpwood market will strengthen along with the
hardwood market. In addition to the vast hardwood resources in the Lake States, the
spruce-fir resource is also a "vast fiber source" and may prove the most cost-effective
species to grow and regenerate on many Lake States sites.
Therefore, two scenarios are envisioned. The first is the anticipated increase in demand
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Fig. 7. Dynamics of the short-run spruce-fir market.

for the spruce-fir resource with no corresponding change in forest management tech
niques. The demand shift would dampen any tendency for a downward shift of
prices, and even raise prices if strong enough without proper management procedures.
However, spruce budworm outbreaks might still eliminate vast areas of the resource. If
resultant mortality were high, prices might rise as the market quantity available decreased.
The second scenario involves the implementation of management practices designed to
minimize the risk of timber losses due to spruce bud worm outbreaks along with an
increase in demand for spruce-fir. This scenario would make the greatest volume of
stumpage available. The first and second scenarios may be similar if the market is strong
enough to induce the harvest of all mature and over-mature spruce-fir stands and maintain
a rotation age of 40 years or less for spruce-fir, which would decrease the risk of future
outbreaks.
Thus, the long-run effects of the spruce budworm on the Lake States market are
dependent on the development of stronger markets and management strategies. Demand is
expected to become stronger as a result of new and expanding markets while supply will
be a function of management decisions. Spruce budworm outbreaks may weaken the shift
of demand because industries may not have confidence in spruce and fir as a continuous
fiber source. Supply of spruce-fir will be partly determined by the management activities
used to prevent or suppress spruce budworm outbreaks. Under proper management,
corporate confidence in spruce-fir fiber may be justified.
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CONCLUSION
Outbreaks of the spruce budwonn affect the Lake States spruce-fir supply in the short
run. In the very short run, the shift in spruce-fir supply caused by salvage intensifies an
"oversupply" situation. Short-run prices should fall as owners compete to sell stumpage
which must be sold within 1-5 years or be lost. Spruce budwonn outbreaks occur over a
large area and the present outbreak in the Lake States yielded more dead wood than could
be salvaged. In mature and ovennature fir stands mortality can range from 70 to 100%,
causing the cost of not salvaging to approach the value available from current sale, a now
or nothing prospect. This means that owners may be willing to sell stumpage at any price
which exceeds the costs incurred in producing it. In fact, some owners may be willing to
sell stumpage for less than the costs of producing it in order to clear their land of dead
trees. It is believed that the price level would eventually fall as buyers respond to salvage
quantities.
As short-run supply shifts right and quantity demanded remains unchanged, an increase
in spruce-fir harvests and a decrease in real prices is expected. Empirical evidence show
ing increased balsam fir harvests (Blyth and Smith 1981, 1982) and decreasing real prices
for balsam fir (Lothner et al. 1982) supports this relation.
After salvage opportunities are exhausted in the short run (assuming that price levels do
not change) the quantity owners wish to sell at the given price level will fall. Prices will
not rise because other species can be substituted.
Stumpage owners are the losers in the short run. Lowered salvage prices and inventory
reductions through mortality, growth loss, and quality declines decrease the revenue
which these owners receive. In the Lake States, the cost of direct suppression (in
secticides) for the purpose of reducing spruce budworm losses probably exceeds the value
of these losses. But in certain localities, market conditions may be such that insecticide
treatments may be financially justifiable (Marty 1982, Irland 1977). In Marquette County,
Michigan, for instance, the Department of Natural Resources is examining the feasibility
of spraying spruce-fir stands so that these stands are ready for harvest in 1986-1987.
The long run effects of spruce budwonn outbreaks depend on the development and
expansion of new markets in the Lake States. If demand strengthens as a result of these
markets, rising prices couId induce more intensive management of the spruce-fir resource,
in which case supply might also shift. The greater the demand shift, the more prices will
rise. With shorter rotations and fewer ovennature stands of balsam fir, a more continuous
supply of stumpage would be expected (Montgomery et al. 1982). This fact may encour
age new corporate entrants and further shift demand. Without the development of new
markets, no price incentives will exist to manage the resource. Thus, losses due to spruce
budwonn outbreaks would continue into the future.
Clearly, the long-run effects of spruce budwonn outbreaks depend on the management
of the spruce-fir resource. As markets develop, price incentives will instigate management
techniques that will reduce losses and increase yields on spruce-fir sites. The benefits of
the spruce-fir resource are many; it regenerates naturally, has good pulping qualities,
grows well on a variety of sites, and provides good wildlife habitat. The direct cost of not
managing the resource to reduce losses from spruce budwonn outbreaks is the loss of a
substantial volunne of stumpage. Thus, the long-run volume loss caused by spruce bud
wonn outbreaks depends on management practices. The value of these losses, in tum,
depend on the emergence of new markets.
Long-run shifts in demand can be facilitated by attracting new industry to the area,
developing new markets for the spruce-fir resource, and demonstrating that the spruce-fir
resource can provide a continuous fiber source in the future. A continuous, increasing
long-run supply will be encouraged by rising prices. Further research is needed on new
markets for the spruce-fir resource. Land management techniques have been developed
which will minimize losses from spruce budwonn outbreaks (Montgomery et al. 1982,
1983), now the price incentives are necessary to warrant their use.
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Acanthinus scitulus, 189, 196
Aedes triseriatus, 185
Aegoschema modestum, 70, 74
Agonoderus, 182
Agrilus, 22
A. anxius, 22, 223-224
A. obsoletoguttatus, 24
Aleocharinae, 180-181
Alfalfa weevil, 83, 233-234
Alfalfa weevil, Egyptian, 83
Allocosa funerea, 183
Amara, 180, 182
A, avida, 182
A. cupreolata, 182
A. familiaris, 182
Amblysellus cur/isii, 207
Amniscus collaris, 70, 76
A. macula, 70, 74-77
A, sexguttata, 70, 75, 77
Amphasia, 182
Analeptura lineola, 79
Anastrangalia sanguinea, 79
Aneyronyx variegata, 212
Anisodaetylus, 180, 182
A. rustieus, 182
Anisotria shooki, 188
Anobiidae, 23
Anthicidae, 187, 196
Anthieinae, 196
Anthieus aubei, 189
A. biaurico[atus, 189
A. chobauti. 189
A. cine/u/us, 189
A. fairmariei, 189
A. insignatus, 189
A. lululentus, 189
A. nanus, 189
A. obseuripes, 189
A. panousei, 189
A. pumilis, 189
A. punetulatus, 196
A. sonoranus, 196
A. tortiseelis, 189
Anthomyia pluvialis, 191
Anthomyiidae, 191
Aphaeno gaster carolinensis, 181
Aphididae, 55-67

Aphorista laeta, 196
A. vittata, 196
Aphrodes bicincta, 207
A. jlavostrigata, 207-208
A. fuscofaciata, 207
Apocellus, 181
Araneae, 179-180, 182-183
Araneida, 179-180, 182-183
Armyworm, 151-154
Artogeia rapae, 9-11

Ascalaphidae, 131

Asemum striatum, 71, 75
Astatinae, 119-120
Astyieiopus variegatus, 71, 76
Athysanus argentarius,207
Atrichopogon, 192, 198
A. geminus, 198
A. levis, 198
A, maculosus,198
A. oedemerarum, 191
A, websteri, 198
Aulacidae, 17, 20-21, 24-26
Aulacus burquei, 17.20-21,24-26
A. digitalis, 17, 21, 25
A. lovel, 25
A. striatus, 17, 21, 25
Badister, 182
Baetisca bajkovi, 51
B. laeustris, 51-52
B. laurentia, 51-52
B. obesa, 51-52
Baetiscidae, 51-52
Bathyphantes concolor, 183
B, pallidus, 183
Batyle s, sutura!is, 79
Belostoma jlumineum, 30, 33
Belostoma lutarium, 33
Belostomatidae, 29, 33
Bembidion impotens, 1, 3, 5-6
B. mimus, 5
Berothidae, 130
Blacus ruficornis, 197
Bolitobius cingulatus, 181
Bollworm. pink, 113-118
Boriomyia fidelis, 130
Brachyleptura champlaini, 79, 81
B. rubrica, 80-81
Brachynemurus abdominalis, l30
B. longicaudes, 130
B. nebulosus, 130
Brdconidae, 17, 22-27, 191, 197, 233-234
Bradvcellus, 180, 182
Bronze birch borer, 223-224
Brown-tail moth, 111-112
Bryocorinae, 196
Bryoporus rufescens, 181
Buenoa, 29
B. confusa, 31, 48-49
B, limnocastoris, 31, 48-49
Buenoa macrotibialis, 31, 48-49
B. margaritacea, 31, 48-49
Buprestidae, 22, 24, 223-224
Cabbage looper, 9-11
Cabbageworm, imported, 9-11
Calathus gregarius, 217-219
C. opaculus, 182
Callieorixia audeni, 30, 39
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Callidium frigidum. 71, 75
Callimoxys s. sanguinicollis, 80
Callosamia promethea, 155-161
Calopterygidae, 201-204
Calopteryx maculata, 201-204
Calosoma ca/idum, 218
Carabidae, 1-7, 11, 179-180, 182, 215-221
CaulolOps, 196
Cecidomyiidae, 174-177
Cecropia, 160-161
Cenocorixia bifida. 39
C. dakotensis, 30, 39
C. utahensis, 30, 39
Ceraeochrysa lineaticornis, 130
Cerambycidae, 69-82
Ceratinopsis laticeps, 183
Ceratopogonidae, 191, 197
Cereal leaf beetle, [5 [-154
Charisalia americana, 80
Chauliodes pectinicornis, 129
C. rastricomis. 129
Chilopoda, 180
Chlaenius, 182
Choristoneura fumiferana, 87-95, 97-109,
163-173, 239
Chrysanthia viridis. 190
C. viridissima. 190
Chrysomelidae. 137-154
Chrysopa eamea. 130
C. harrisi, 130
C. ineompleta, 130
C. nigricornis, 130
C. oeu/ala, 130
C. quadripunctata, 130
C. rufilabris, 130
Chrysopidae, 130
Cicade1lidae, 205-208
Cicadidae, 53-54
Climacia areolaris. 130
Climaciella brunnea, 130
Clover leaf weevil. 83-85
Clover leaf weevil, lesser, 83-86
Clytoleptus albofasciatus, 71,77
Coeloides rossicus betulae, 17, 22-23, 25-26
Coleoptera, 1-7.22.24,69-86,133-154,179
182. 187-190, 195-198, 211-234
Collembola, 121-122
Colorado potato beetle. 145-150, 154
Commellus comma, 207
Coniopterygidae, 130
Coniopteryx simplicior. 130
C. tineiformis, 130
C. westwoodi, 130
Conwentzia pineticola, 130
Coproporus, 181
Cordylospasla opaca, 188
Corisella edulis, 30, 39
C. tarsalis, 30, 39
Corixidae, 29-30, 34-36
Corn earwonn, 113-lI8
Corydalidae, 129
Corydalus comutus. 129
Cryptocephalinae, 137-144
Culicidae, 185
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Cuiicaides, 191
Curculionidae, 83-86, 225-234
Cymatia americana, 30, 34, 40
Cymindus americana. 217
Cyrtophorus verrueosus, 71, 74. 80
Danae testacea, 196
Dendroleon obsoletum. 130
Desmocerus palliatus. 7 [, 76
Dicaelus, 182
D. sculptilis upioides. 217
Dicraneura mali. 207
Dilaridae, 130
Diploplectron
119-120
Diptera,
185. 187. 197
Doratura stylata, 207
Draeeulacephalu antica, 207
Dubiraphia, 212
D. viffata, 211-213
Dyschirius, 182
Ecyrus dasyceras. 71
76-77
Egyptian alfalfa
Elaphidion mucronatum, 71, 74
Elaphidionoides parallelus. 71, 74. 76
E. villosus,
74, 76-77
E1midae, 21
Enallagma. 201
Enaphalodes rufulus. 223
Encyclops caerulea, 80
Endomychidae, 195-196
Endria inimica, 207
Eperigone banksi, 183
E. serrara, 183
Ephemeroptera, 51-52, 125-128, 211
Epicauta andersoni. 188
E. fabricii. 188, 190
E. ventralis, 188
Eridantes erigonoides, 183
Erigone, 182-183
E. autumnalis, 183
E. blaesa, 183
Erigonidae, 180, 182-183
Euderces p. picipes, 71,74-76, 80
Eumorphinae, 196
Eupogonius subarmatus, 71. 76
E. tomentosus, 71, 75
E. vestitus. 71, 74-77
Euproctis chrysorrhea, 111-112
Euryehilella pallida, 196
Evarthrus sodalis. 182, 218
Forcipomyia. 191
Forcipomyiinae. 191, 197
Fonnicidae, 181
Formicilla munda, 196
Formicomus consul, 197
F. lewisi. 197
Gaurotes cyanipennis. 71,75-76, 79-80
G. thoracica, 79-80
Gelastocoris oculatus, 29
Glenurus gratus, 130
Graminella nigrijrons, 207
Grammonota inornata, 182-183
Grammoptera exigua, 71, 76
G. haematites, 80
Graphisurus despectus, 71, 74
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G.fasciatus, 71,74,76-77
Green Spanish-fly, 187
Hadrobregmus, 23
Hadronema, 188
H. bispinosa, 188
H. breviata, 196
H. militaris, 188
H. princeps, 196
H. uhleri, 188, 196
H. unijormis, 196
Halticotoma nicholi, 188
H. valida, 196
Harpalus, 182
H. caliginosus, 182
H. opacipennis, 218
H. pennsylvanicus, 11
H. rujipes, 11
Hayhurstia tataricae, 56
Helicoconis walshi, 130
Heliothis zea, 113-118
Hemerobiidae, 130
Hemerobius conjunctus, 130
H. humulinus, 130
H. pacificus, 130
H. pinidumus, 130
H. stigma, 130
Hemiptera, 29-50, 180, 187-188, 196
Heptagenia mexicana, 125
Heptageniidae, 125-128
HesperocorLtia atopodonta, 30, 40
H. interrupta, 40
H. kennicottii, 30, 40
H. laevigata, 30, 40
H. lobata, 30, 40
H. lucida, 30, 40
H. michiganensis, 30, 41
H. minorella, 30, 41
H. nitida, 40
H. obliqua, 30, 41
H. scabricula, 29--30, 41
H. vulgaris, 30, 41
Hessian fly, 175-177
Heterachthes quadrimaculatus, 72, 74, 76
Heteroceridae, 2. 3
Hetoemis cinerea, 72, 74--76
Histeridae, 180
Homeotarsus, 181
Homoptera, 53-67, 205-208
Hyadaphis conii, 56
H. foeniculi, 55-59, 62-63, 66
H. mellijera, 56
H. tataricae, 56-57
H. umbellulariae, 56
H. xylostei, 56
Hyalophora cecropia, 160--161
Hylobius pales, 225-230
H. radicis, 227, 230
H. rhizophagus, 230
Hymenoptera, 17-27, 119-120, 181, 191, 197,
235-236
Hypera brunneipennis, 83
H. nigrirostris, 83-86
H. postica, 83, 233-234
H. punctata, 83-85
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Hyperplatys aspersa, 72, 76
H. maculata, 72, 74--76
Hypogastruridae, 121-122
Icelandiana flaveoloa, 183
Ichneumonidae, 17, 21-26
Kimminsia disjuncta, 130
K. subnebulosa, 130
Lasiohelea, 191
Lasius neoniger, 181
Latulus sayi, 207
Lepidoptera, 9-11, 87-118, 151-173, 239
Leptinotarsa decemlineata, 145-150, 154
Leptoconops, 191
Leptostylus t. transversus, 72, 74, 76-77
Leptura plebeja, 80
Lepturges confluens, 72, 74--75
L. symmetricus, 72, 76
Lesser clover leaf weevil, 83-86
Lethocerus americanus, 30, 33
Leucochrysa insularis, 130
Linyphiidae, 180, 183
Lomamyia banksi, 130
L. flavicornis, 130
Lycoperdina ferruginea, 196
Lycosa avida, 183
L. frondicola, 183
L. helluo, 183
Lycosidae, 179-180, 182-183
Lycus loripes, 188
Lymantriidae, 111-112
Lytta crotchi, 188
L. moerens, 188
L. nuttalli, 188
L. stygica, 188
L. vesicatoria, 187, 190
L. viridiana, 188
Maccaffertium, 127
Magicicada septendecim, 53-54
Macronychus, 212
M. glabratus, 212-213
Macrosteles fascifrons, 207
Mallada luctuosa, 130
Mantispa interrupta, 130
M. uhleri, 130
Mantispidae, 130
Mayetiola destructor, 175-177
Mecynotarsus balsasensis, 189
M. falCalus, 197
M. obliquemaculatus, 197
M. vagepictus, 197
Megacyllene caryae, 72-74, 81
M. robiniae, 80
Megaloptera, 129
Megetra cancellata, 188
Meioneta dactylata, 183
Meleoma signoretti, 130
Meloe americanus, 188
M. angusticollis, 187-188
M. autumnalis, 189
M. cavensis, 189
M. erythrocnemus, 189
M. laevis, 188
M. majalis, 189
Meloe niger, 188
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M. proscarabeus, 187, 189
M. rugosus, 189
M. violeaeus, 189
Meloehelea, 191
Meloidae, 187-195
Meronera venustula, 180-181
Micromus posticus, 130
M. subanticus, 130
M. variolosus, 130
233-234
Microtonus
M. colesi,
M. plumicornis, 191
Miridae, 187-188, 196
Molorchus b. bimaculatus, 72,
77, 80
Monochamus carolinensis, 72,
M. s. scutellatus. 72, 75-76
Myeetoporus jlavicollis, 181
M. splendidus, 181
Myrmeleon immaeulatus, 130
Mynneleontidae, 130
Myrmica brevinodes, 181
Nabidae, 180
Nallachius americanus, 130
Narpus concolor, 212
Naucoridae, 31, 46
Neirene, 183
Neoalosterna capitafa, 80
Neoclytus a. acuminatus, 72, 74, 76-77
Neociytus m. muricatulus, 72, 75
Neohayhurstia tataricae. 56
Neohermes eoneolor, 129
Neohypnus emmesus, 181
N. obscurus, 181
Neoplea striola, 31, 50
Neopyrochroa femoralis, 196
N. jlabellata, 133-134, 188
Nepa apiculata, 31,47
Nepidae, 31 47
Neuroptera,
Nigronia fasciatus, 129
N. serricornis, 129
Noctuidae, 9-11, 113-118, 151-154
Nodita pavida, 130
Northern Pine Weevil, 229-230
48-50
Notonecta, 29,
N. borealis. 29,
48-49
N, insulata, 31,
N, irrorata, 31, 48-49
N, lunata. 31, 48-50
N. undulata, 31, 48-50
Notonectidae. 31,48-50
Notoxus anchora. 189, 198
N otoxus bijasciatus, 197
N. calcaratus, 189
N. caudatus. 189
N. cavicornis, 189, 198
N. celatus, 189
N. conformis, 189
N. constrictus, 189
N, denudatus, 189
N. desertus, 189
N. filicornis, 197
N, hageni, 189
N. hirsutus. 189
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N. intermedius, 189
N. lateralis. 189
N. marginatus, 189
N. mauritanicus, 189
N. mexicanus. 189
N. monoceros, 189-190
N. monodon, 189
N. montanus, 189
N. murinipennis, 189
N. nevadensis, 189
N. nuperus haustrus, 189
N. photus. 197
N. pictus, 189
N. pygidialis, 189
N. robustus. 189
N. seminole, 197
N. serratus, 189
N. sparsus, 189
N. spalulijer, 189
N. talpa, 189
N. toltecorum, 190
N. whartoni, 190
N. youngi, 190
N. zapotecorum, 190
Oberea bimaculata.
76
Oberea ocellata. 72,
Oberea schaumi!, 223
Oberea tripunctata, 81
Obrium ruJulum, 72, 75
Odonata. 201-204
Oedemera falvescens, 190
Oedemeridae, 190, 198
Oplosia nubila, 72, 76
Optioservus seriams, 212
Oridantes, 183
Orthotylinae. 196
Orussidae, 17, 24-26
Orussus, I7, 24-26
O. occidental!s, 24
0, sayi, 24
Oulema melanopus, 151-154
Pachybrachis abdominalis, 141
P. atomarius, 137, 139
P. bivittatus, 137, 139
Pachybrachis diversus, 141
P. hepalicus, 137, 139
P. impurus, 137, 139
P. luridus, 137, 140
P. m-nigrum, 137, 140
P. nigricornis autolycus, 137, [40
P. nigricornis carbonarius, 140-141
P. obsoletus, 141
P. o. othonus, 141
P. peccans. 141-142
P. pectoralis, 141-142
P. praeciarus, 141-142
P. spumarius, 141, 143
P. subfasciatus, 143-144
P. tridens, 143-144
P. trinotatus, 143-144
P. turbidus, 144
P. pubescens. 141
P. relictus, 141-142
Paederus, 181
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Pales weevil, 225-230
Palmacorixia bueno!, 30, 42
P. gillelte!, 30, 42
P. nana, 30, 42
Parabolocratus viridis. 207
Parandra b. brunnea. 72, 76
Paraphlepsius irroratus. 207
Pardosa milvina, 183
P. sexatilis, 183
Pasimachus elongatus. 218
Pectinophora gossypiella, 113-118
Pedilinae, 188
Pedilus, 187-/88, 195
P. elegans. 188
P. impressus, 187-/88
P. labiatus, 188
P. lugubris. 188
P. montico/us, 188
P. terminatus, 188
Peloearis jemoratus. 31, 46
Perilitus plumicornis, 19/
Perithemis tenera, 201
Pheidole bicarinata virtelandica. 181
P. tysoni, 181
Phiionthus, 180-181
Phymatodes amoenus, 72, 77
P. testaceus, 72, 74
Pieridae, 9-/1
Pikonema alaskensis. 235-237
Pine root collar weevil, 227-228
Pine weevil. northern, 229-230
Pink bollworm, 113-118
Pirata insularis, 183
Pirata montanus, 183
Pissodes approximatus, 229-230
Planipennia, 129-131
Platycephala caligata, 201
Platydrachus cinnamopterus, 181
P. mystic us, 181
Platynus decentis, 217
Plea, 29
Plecoptera, 209
Pleidae, 31, 50
Pogoncherus mixtus, 73, 75
Polystoechotes punctatus, 130
Polystoechotidae, 130
Ponera pennsylmnica, 181
Progalaitina, 182
Prornethea, 155-161
Psammotettix jerratus, 207
P. lividellus, 207
Psectra diptera, 130
P senocerus supernotatus, 73-77
Pseudachorutes lunatus, 121-122
P. orientalis, 121-122
P. simplex, 121-122
P. subcrassoides, 121-122
P. subcrassus, 121-122
Pseudnletia unipunctata, 151-154
Pseudophonus, 182
Pseudorhyssa alpestris, 17,26
P. ruficoxis, 26
Pseudostrangalia
80
Pterornalidae, 17, 22,
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Pterostichus chalcites, 11, 182
P. lucublandus, 182, 217
P. novus, 217
P. pensylvanicus, 217
Pycnoderes quadrimaculatus, 196
Pyrochroidae, 133-134,187-188,195-197
Pyrochroinae, 188, 196
Quedius, 181
Ramphocorixia acuminata, 30, 42
Ranatra jusca, 31, 47
R. kirkaldyi, 31, 47
R. nigra, 31, 47
Red oak borer, 223
Rhopalophora I. longipes, 73-74. 80
Rhopalosiphum conii, 56
R. melliferum, 56
R. pastinaceae, 56
Rhysella approximator, 17, 21, 26
R. caTVipes, 17
R. humida, 25
R. nitidn, 17, 21-26
Saperda discoidea, 73-74
Saperda lateralis, 73-74
S. puncticollis, 73. 75
S. vestita, 73, 76
Salticidae, 180
Sapintus javanus, 197
S. plectilis, 197
Sarosesthes julminans, 73, 76
Saturniidae, 155-161
Scaphytopius acutus, 207
Scarites subterraneus, 182
Schizcosa bilineata, 183
Schizotus cen'icalis, 196
Sciaridae, 197
Semiaphis tataricae, 56
Semida/is inconspicua, 130
S. vicina, 130
Seventeen-year cicada. 53-54
Sialidae, 129
Sialis americana. 129
S. hasta, 129
S. inju11U1ta, 129
S. iola, 129
S. itasca, 129
S. mohri, 129
S. vagans, 129
S. velata, 129
.
Sigara alternata, 30, 39, 42
S. bicoloripennis, 30. 42-43
S. compressoidea, 30, 43-44
S. conocephala. 30, 43
S. decorata, 30, 43
S. decoratella. 30, 43
S. dejecta, 30, 43, 45
S. dolobra, 30, 43
S. douglasensis, 30, 44
S. grassolineata, 31, 44
S. hubbelli. 43
S. johnston!, 31,44,46
S. knight!, 31, 44
S. lineata, 31, 44
S. mack!nacensis, 31, 43-44
S. 11U1cropala, 31, 44
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S. mathesoni, 31,45
S. modesta, 44
S. mullettensis. 31, 43. 45
S. penniensis, 31, 45
S. signata. 31, 45
S. solensis. 31.45
S. transfigurata, 31, 45
S. trilineata. 31, 45
S. variabilis. 31, 44-46
Siphocoryne conii, 56
S. pastinacae, 56
S. xylostei, 56
Siricidae, 26
Sisyria fuscata, 130
Sisyria vicaria, 130
Sisyridae. 130
Sixeonotus, 188, 196
S. brevirostris, 196
S. insignis, 196
S. tenebrosus. 196
So/enopsis molesta, 181
S. texana, 181
Spanish-fly, green, 187
Spathius elegans, 17. 23-26
Sphecidae, 119-120
Spilomyia fusca, 13-15
S. quadrifasciata, 13-1S
Spruce budworm, 87-109, 163-173, 239
Staphylinidae, 2, 179-181
Staphylinus ater, 181
Stenelmis crenata, 212-213
S. vittipennis, 212
Stenolophus rotundata, 182
Stenosphenus notatus, 73-74
Stenonema integrum. 125-128
S. mediopunctatum. 127
S. mexicana. 125
S. mexicanum integrum. 125-128
S. m. mexicanum. 125-128
S. terminatum. 127
Stenotarsinae, 196

Stemidius alpha misellus, 73-74, 76-77
Strangalepta abbreviata, 80
S. pubera, 73-74. 80
Strangalia acuminata. 80
S. bicolor, 80
S. famelica solitaria, 80
S. luteicomis. 80
Streblocera pu/villicornis. 197
Streptanus confinis. 207
Strophiona nitens. 80
Sympherobius amiculus, 130
S. barberi. 130
S. occidentalis, 130
Synuchus impunctatus. 217
Syrphidae, 13-16

Syrrhizus agilis. 197
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Svsinas linearis. 196
iachyporus, 180-181
T. jocusus. 181
T. nitidulus, 181
T. pulchrus, 181
Tachys vivax, 3
Tegrodera erosa. 188
Temnostoma, 15
Tennesseellum formicum, 183
Tenthredinidae, 235-237
Tetragnathidae, 180

Tetramorium caespitum. 181
Tetraopes. 73-74, 81
T. femoratus, 73-74
T. quinquemaculatus. 73, 74
T. tetropthalmus. 73-74
Therediidae, 180
Thomisidae, 180
Tomoderus, 190, 197
Tortricidae, 87-109, 163-173, 239

Trachysida mutabilis. 80
Trichocorixia borealis. 31, 46
T. calva, 31, 46
T. kama, 31, 46
T. macroceps. 46
T. IUlias. 29, 31, 46
Trichoplusia ni. 9-11
Trichoptera, 211
Trigonarthris minnesolana. 80
T. proxima. 80
Typocerus a. acuticauda, 80
T. deceptus. 80
T. lugubris, 80
T. v. velutinus, 81
Tylozygus bifidus, 207
Uluodes quadrimaculata, 131
Urgleptes facetus. 73-76
U. querd. 73-77
U. signatus, 73-76
Vacusus infernus, 190
Walckenaeria spiralis, 183
Xanthochroa waterhousei. 191
Xestocephalus pulicarius, 207
Xiphydria abdominalis, 20, 25
X. camelus, 17, 22, 26
X. hicoriae, 20, 25
X. maculata, 17-27
X. mellipes, 21, 23
X. polia. 18, 20, 25
X. prolongata, 23
X. scafa. 20, 25
X. tibialis, 18, 20-23, 25
Xiphydriidae, 17-27
Xiphydriophagus meyerinckii. 17, 22, 25-27
Xylotrechus c%nus, 73-74, 76
X. ulldulatus. 73, 75
Yellowheaded spruce sawfly, 235-237
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