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REVIEW OF ADAPTATIONS OF VELVET ANTS 
(HYMENOPTERA: MUTILLIDAE) 

Mark Deyrupl 

ABSTRACT 

Mutillid wasps are active and conspicuous insects, but their interactions with each other 
and with other animals are seldom observed. Mostly indirect evidence is used to postulate 
that an array of traits represents adaptations to exploit ground-nesting, aggressive, often 
highly dispersed hosts. The massive exoskeleton protects the parasitoid invading nests of 
biting and stinging hosts; certain unrelated parasitoids attacking the same hosts are 
similarly armored. Female aptery occurs in mutillids and in many other wasps attacking 
soil-dwelling hosts. In at least two mutillid lineages, female aptery apparently led to 
phoretic copulation, which led in turn to selection for large size in males. Hosts are often 
highly dispersed and vulnerable for only a short time; this mandates prolonged searching 
in exposed habitats, which may have selected for a long life span and a remarkable 
defensive repertoire, including a powerful sting, warning squeaking, membership in 
mimetic complexes of warning coloration, chemical deterrents, and a variety of evasive 
tactics. 

Theft follows thrift; robbers inevitably evolve to exploit savers in natural as well as 
human communities. Among the insects the paragons of thriftiness are found in the bees 
and higher wasps, which provide for their young by garnering a large supply of food. The 
larvae of these good providers are soft-bodied, almost defenseless grubs. Around the nests 
of these provident wasps and bees prowl other species of wasps and bees. Some of these, 
the cleptoparasitoids, produce a larva that usurps the food supply and kills the host larva. 
Others, the parasitoids, produce a larva that feeds on the host larva itself. There must be 
a continuous and complicated struggle between the producers of resources (in the form of 
food stores or succulent larvae) and the exploiters that depend on these same resources. 
Glimpses of the nature of this struggle may be obtained by a review of the apparent 
adaptations of the species involved. 

Of all the species that participate in this lethal contest, none can provide more hours of 
fascination and frustration than the velvet ants (Mutillidae). The Mutillidae are a family 
of several thousand species, almost all of which prey on pupae or mature larvae of bees 
and wasps (Mickel 1928). Velvet ants are fascinating because of their bright colors, sexual 
dimorphism, longevity, and frequently frantic level of activity. They are frustrating 
because the evolutionary significance of these traits is not easily demonstrated. Although 
velvet ants tend to be conspicuous insects, often found in open habitats where they are 
easily observed, prolonged observations seldom yield any useful information on the 
interactions between velvet ants and their hosts or natural enemies. 

Even the crucial interaction between sexes of the same species remaips mysterious. 
During more than three years of study of velvet ants, I have watched males seeking and 
actually trailing females on innumerable occasions. Usually the male becomes more and 

1Archbold Biological Station, P. O. Box 2057. Lake Placid, FL 33852. 
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more frenzied as he approaches the female, indicating his awareness of her proximity, but 
the two always seem to miss, frequently because the female goes into hiding at the last 
moment. The only velvet ant mating I have observed occurred early in the morning, while 
the female was just emerging from the sand where she had spent the night. The discreet 
intercourse of mutillids has led to taxonomic problems, as the males are winged and 
frequently look nothing like the wingless females. Unless they are caught in Jlagrente. 
there is no easy way to tell which male goes with which female; originally there were 
many species whose males and females had different scientific names, one of which could 
be synonymized when a mating pair was observed. Conspicuous and often abundant, 
velvet ants nevertheless manage to conduct their affairs in secrecy. 

The elusive nature of velvet ants presents one with a dilemma that confronts scientists 
all too frequently. On the one hand, this group of wasps displays a series of striking 
behavioral and morphological features that I strongly suspect are adaptations for the 
parasitoid way of life. On the other hand, evidence of the actual function of the apparent 
adaptations is fragmentary. As in most studies of adaptation, several key features cannot 
be approached experimentally. There is no way, for example, to attach wings to apterous 
female velvet ants. In some cases one may apply the scientific method by using unrelated 
species with similar ecological roles to test hypotheses about apparent adaptations (Jaksic 
1981). In other cases there are no appropriate recognized analogs, and hypotheses are, for 
the moment, supported only by the seductiveness of their logic and whatever bits of 
evidence are available. Such speculation is useful because it serves to focus inquiry and 
organize whatever information we have. 

In North American velvet ants, there seem to be two major series of adaptations related 
to the principal mutillid role as parasitoids of ground-nesting Hymenoptera. One series 
deals with the nature of the hosts, the other may deal with the distribution of hosts in time 
and space. 

One feature of the hosts of velvet ants is that they are formidable opponents, agile and 
frequently aggressive, well armed with mandibles and sting. A notable characteristic of 
velvet ants is their extraordinarily massive exoskeleton. Mutillid collectors know this to 
their sorrow; the thorax can only be penetrated by drilling. When the insect pin finally 
breaks through, it often plunges on through the sternites and impales the entomologist's 
finger. The sides and dorsum of the head and body are intensively sculptured with pits and 
ridges. This sculpturing may serve to strengthen the exoskeleton without contributing 
excessive weight, but it must also serve to direct attack, as the parts of the mutillid that 
most easily catch and retain the points of mandibles and stingers are also least vulnerable 
to penetration. The fragmentary evidence on mutillid-host interactions (summarized by 
Brothers [1972]) suggests that female mutillids are generally impervious to stings and 
bites of their hosts. They are easily grasped but not easily hurt. A similar combination of 
very heavy exoskeletal armor and dense sculpturing occurs in the Chrysididae, an 
unrelated group of parasitoids that specializes in attacking bees and wasps that nest in 
holes in dead wood. A great number of slow-moving beetles that inhabit ant-ravaged 
strata of the soil show a similar combination of heavy exoskeleton and dense surface 
sculpture on the least vulnerable parts of the body. 

Another mutillid adaptation associated with the nature of the hosts is the absence of 
wings in females (apterygyny). Mutillids appear primitively to be parasitoids of 
ground-nesting Hymenoptera, as the great majority are today (Brothers 1975). Ap
terygyny has also arisen independently in several different groups of Bethylidae and 
Tiphiidae (Evans 1969), which are parasitoid wasps that seek out soil-dwelling hosts and 
parasitize them in situ. Workers of the entire family Formicidae (ants), another family 
whose members forage in the soil and leaf litter, are also wingless. Species that spend 
much of their time burrowing through the soil run the risk of having their wings abraded 
to uselessness or tattered by encounters with other insects, and wings are also likely to 
impede progress through the soil. 

One consequence of apterygyny is that it hampers passage across barriers, such as 
streams and swamps. At least three lineages of mutillids, as well as various groups of 
bethylid and typhiid wasps, have independently evolved phoretic copulation, thereby 
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increasing dispersal ability (Evans 1969). Phoretic copulation appears to have led to 
adaptive changes in the morphology of male mutillids, particularly the clypeus, which 
cradles the head of the female during flight (Sheldon 1970). Another more complex 
adaptation seems to have occurred in these groups of mutillids; large males are 
presumably better able to carry females during copulation, and males of species of 
phoretically copulating mutillids are notably larger than the females (Deyrup and Manley 
1986). This in turn implies that females are laying male eggs on large hosts and female 
eggs on smaller hosts. This choice is possible because of a combination of three factors: 
(1) haplodiploid sex determination allows aculeates to determine the sex of their 
offspring, (2) since mutillids are generally flexible in their host relationships (Mickel 
1928), they are able to utilize host species of different sizes, and (3) since ground-nesting 
bees and wasps of different sizes usually occur in the same area, an excessively skewed 
sex ratio will not necessarily result from determination of sex of offspring on the basis of 
the size of the host. One would not expect to see a close relationship between sex and size 
in species that tend to attack hosts that form large aggregations. This is borne out by a 
study of the size relationships of one such species (Deyrup and Manley 1986). Utilization 
of non-aggregating hosts of various size classes may therefore be a preadaptation for 
phoretic copulation. 

A more general series of adaptations in velvet ants is combined into a remarkable 
defensive repertoire (Schmidt and Blum 1977). The heavy exoskeleton, resistant to both 
crushing and piercing, was mentioned above as a defense against hosts, but it should also 
serve as a defense against potential predators. In addition, females possess a notoriously 
effective sting, which is probably not normally used against the adult host (Brothers 
1972). The deterrent effect of the sting is reinforced by a warning squeaking produced by 
stridulatory plates on the abdominal tergites (Masters 1979, 1980). At least some species 
have repellant mandibular glands (Fales et al. 1980), and the second gastral segment also 
has a major series of glands, the "felt lines" (DeBolt 1973), though the function of these 
is unknown. The effectiveness of these defenses is enhanced by aposematic coloring, 
often orange, black, and silver, and participation in elaborate Mullerian mimetic 
complexes. These defenses do not seem to breed overconfidence, as mutillids in the field 
are particularly wary insects. An individual that has been proceeding steadily over the 
ground is spurred by alarm into a very fast erratic dash, which often ends in concealment 
under leaf litter, where the mutillid remains motionless for some minutes before 
emerging. This can be easily observed in the common genera Dasymutilla, Timulla, 
Pseudomethoca, and Ephuta. At least some species in these genera and in the genus 
Photomorphus feign death, curling up motionless when the sand or litter is sifted. 

Among the lower animals an obsessive buildup of arms and defenses is not usually 
coupled with paranoia. Except for the defending hosts of velvet ants, no habitual attackers 
of velvet ants are known (Manley 1984, Schmidt and Blum 1977). I have never seen any 
arthropod or vertebrate attack a female velvet ant. The complex of defensive and evasive 
behavior seems designed to deal with very rare predation events. Over time, however, 
rare events increase in probability, and female mutillids appear to be long-lived insects 
(Schmidt 1978; Donald Manley, Clemson Univ., pers. comm.). A very strong selective 
pressure for high investment in defense and adult longevity is understandable if 
reproductive opportunities tend to be rare and unpredictable. This is almost certainly true 
for mutillids in many environments where hosts are not aggregated. In central Florida, for 
example, ground-nesting aculeate Hymenoptera are usually distributed over great ex
panses of uniform sandy soil, and the nests are concealed in various ways. The mutillid 
must find the burrow of a species within a certain size range; it must either dig its way into 
the closed nest or overcome the active defenses of an adult host; it must find within the 
nest host larvae that are both accessible and of the right developmental stage. After 
watching many velvet ants for hours without ever seeing one even find a burrow (except 
in situations where hosts form aggregations), I am convinced that many hours or days of 
good searching weather are probably needed to find adequate numbers of hosts. If this is 
true, one would predict that non-aggregating ground-nesting bees and wasps might lose 
their mutillid parasitoids in northern parts of their ranges. 
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Research on mutiIlid biology is not likely to proceed rapidly. Inherent in the life-style 
of the velvet ants are factors that allow the field researcher to spend a long time without 
making a single observation of major biological significance. Many of the most 
interesting activities of velvet ants must take place in the depths of an underground 
burrow. Perhaps those of us who work with these insects are subliminally attracted to 
them because they share the pattern of a scientist's life of ceaseless, rather obsessive 
activity, with rare breakthroughs taking place in some obscure gallery where nobody 
notices them. Extreme persistence, and a research life prolonged by all possible means, 
must be our strategy. 

LITERATURE CITED 

Brothers, D. J. 1972. Biology and immature stages of Pseudomethocaf. frigida, with notes on other 
species (Hymenoptera: Mutillidae). Univ. Kansas Sci. Bull. 50. 1:1-38. 

___. 1975. Phylogeny and classification of the aculeate Hymenoptera, with special reference to 
Mutillidae. Univ. Kansas Sci. Bull. 50. 11:483-648. 

DeBolt, J. W. 1973. Morphology and histology of the felt line and felt line organ of the mutillid wasp 
genera Sphaeropthalma, Dasymutilla, Pseudomethoca, and Cyphotes. Ann. Entomol. Soc. Amer. 
66:100-108. 

Deyrup, M., and D. Manley. 1986. Sex-biased size variation in velvet ants (Hymenoptera: 
Mutillidae). Florida Entomol. 69:327-335. 

Evans, H. E. 1969. Phoretic copUlation in Hymenoptera. Entomo!' News 80:113-124. 
Fales, H. M., T. M. Jaouni, J. O. Schmidt, and M. S. Blum. 1980. Mandibular gland allomones of 

Dasymutilla occidentalis and other mutiIlid wasps. J. Chern. Eco!. 6:895-903. 
Jaksic, F. M. 1981. Recognition of morphological adaptations in animals: the hypothetico-deductive 

method. Bioscience 31 :667-670. 
Masters, W. M. 1979. Insect disturbance stridulation: its defensive role. Behav. Ecol. Sociobiol. 

5:187-200. 
___. 1980. Insect disturbance stridulation: characterization of airborne and vibrational compo

nents of the sound. J. Compo Physiol. 135:259-268. 
Michner, C. D. 1974. The social behavior of the bees. Belknap Press, Cambridge, Mass.: xii + 404 

pp. 
Mickel, C. E. 1928. Biological and taxonomic investigations on the mutillid wasps. Bull. U.S. Nat. 

Mus. 143:ix + 351 pp. 
Schmidt, 1. O. 1978, Dasymutilla occidentalis: a long-lived aposomatic wasp (Hymenoptera: 

Mutillidae). Entomol. News 89:135-136. 
Schmidt, J. 0., and M. S. Blum. 1977. Adaptations and responses of Dasymutilla occidentalis 

(Hymenoptera: Mutillidae) to predators. Entomol. Exp. Appl. 21:99-111. 
Sheldon, J. K. 1970. Sexual dimorphism in the head structure of Mutillidae Hymenoptera: a possible 

behavioral explanation: Entomol. News 81:57-61. 



1988 THE GREAT LAKES ENTOMOLOGIST 5 

OBSERVATIONS OF THE GALLERY HABITS OF TRYPODENDRON 

RETUSUM (COLEOPTERA: SCOL YTIDAE) INFESTING ASPEN IN 


CENTRAL MICHIGAN 


Steven D. Brewer, Robert A. Beck, and Richard A. Roeper' 

ABSTRACT 

A monogamous pair of adult Trypodendron retusum construct a gallery system 
consisting of an entrance tunnel and from two to five lateral tunnels into the sapwood of 
aspen. Inoculation of the mutualistic fungus Ambrosiellaferruginea by the female beetle, 
was followed by oviposition in shallow egg cradles. Two instars were observed as the 
larvae enlarged their cradles. The number of cradles per gallery system was correlated to 
the length of the gallery system. Progeny adults with a sex ratio of approximately I: 1 
emerged from late June to early August to overwinter in the litter. 

Trypodendron retusum LeConte infests suppressed, dead, windthrown, or cut Populus 
species, primarily P. grandidentata Michaux (bigtooth aspen) and P. tremuloides 
Michaux (trembling aspen), throughout the natural range of these host trees from Alaska 
to New Brunswick south to California, New Mexico, and West Virginia (Wood 1982). 
Accounts of the habits of the beetle are brief (Hubbard 1897, Leach et al. 1940). 
Abrahamson et al. (1967) described the fungal transmitting gland, called the mycangia, 
of T. retusum. The mutualistic fungus Ambrosiellaferruginea (Mathiesen-Kaarik) Batra 
was associated with this beetle by Batra (1967) and Roeper et al. (1980). The purpose of 
this study is to describe the galleries constructed by the parent adults, habits of the larval 
instars, and the emergence of progeny adults. 

METHODS 

Infested bigtooth aspen trees were found at the Alma College Ecological Tract, 1.6 km 
SW of Vestaburg, Montcalm County, Michigan, during the collecting seasons of 1982 
and 1985. Infested aspen trees (n == 19) were cut down over the course of the collecting 
seasons from early April to October. Each week two approximately l.O-m-long sections 
from an infested log were returned to the laboratory. Each section was then waxed on its 
cut ends with paraffin to prevent desiccation. One section was then stored at 4°C to 
prevent further activity of the beetles within, and the other section was exposed to ambient 
daily temperatures that allowed the beetles to continue gallery construction. From this 
continuous supply of infested material some of the log sections were sub-sectioned each 
week into lO-cm lengths and carefully dissected. Measurements of gallery systems were 
taken with a flexible ruler or an ocular micrometer using a stereoscopic microscope. 
Larvae were stored in 70% ethanol and later measured under a compound microscope with 
an ocular micrometer in order to establish head capsule widths. 

Emergence studies were conducted using five O.5-m heavily-infested aspen log 

'Department of Biology, Alma College, Alma, MI 48801. 
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sections. Starting in mid-May 1985, log sections were waxed on the cut ends and loosely 
surrounded by heavy, reinforced, window plastic secured with duct tape which led to a 
collecting funnel and jar containing water and mineral oil. The logs were exposed to daily 
ambient temperature while suspended in a shaded outside area through November. 
Collections were made bi-weekly, and emerged beetles were preserved in 95% ethanol 
until counted. 

OBSERVATIONS AND DISCUSSION 

Construction of Gallery System 

Spring flight and infestation by the beetles were initiated in early April and continued 
until early May. As the galleries of T. retusum were systematically dissected, they were 
categorized into three arbitrary phases of gallery construction: the initial tunneling phase, 
the developing incomplete tunneling phase, and the mature gallery system. The female 
beetle initiated the gallery construction and bored quickly, within a day or two, straight 
through the bark and into the sapwood of the bole. Bored material excavated during this 
initial phase was pushed out the tunnel entrance. The male beetle joined in activity within 
a day or two following mating and copulation, which occurred at the tunnel entrance or 
the surface of the tree. Solitary females were observed in only two of 17 tunnels in this 
initial phase, indicating the monogamous pairing of beetles within a tunnel system was 
established very early. The female was always deeper in the tunnel, with the male found 
nearer the entrance hole. The female appeared to do most of the tunnel boring and moved 
the bored material out to the male who pushed it out the entrance hole. The straight 
entrance tunnel of the primary tunnel penetrated approximately 20 mm at a right angle to 
the bark surface and then followed a ring of sapwood parallel to the bark surface. The first 
bend in the tunnel later became a lateral tunnel. The tunnels appeared white and freshly 
bored, with only a few small patches of brownish-red stain of the growing mutualistic 
fungus Ambrosiella ferruginea. A whitish plug of fungal growth was observed prolifer
ating from the openings of the mycangia as the female inoculated the excavated tunnel. 
Primary tunnels at the end of the initial phase had a mean length of 49.5 mm (S.E. = 4.1 
mm, range 18-84 mm, n = 17); the initial phase took approximately five to ten days. 

The second phase of gallery construction began when the boring female returned to the 
original bend of the straight entrance tunnel and initiated a second curved lateral in the 
opposite direction, roughly following the same tree ring of sapwood that the first lateral 
transversed. The second lateral tunnel was lengthened until it was approximately the same 
length as the first lateral tunnel. Patches of fungal growth became more evident along the 
walls of the entrance tunnel and especially down the older portion of the lateral tunnels, 
but never occurred at the end of the lateral which had just been extended. Soon after the 
construction of the second lateral tunnel, shallow cradles were gouged vertically either up 
or down along the lateral tunnel into opened tissue of the sapwood. A single egg covered 
with a mixture of boring material and some fungal cells was oviposited into each shallow 
cradle. Four to seven cradles were found along each lateral tunnel and tended to be located 
toward the end. These egg cradles were spaced between 2.0 and 8.0 mm apart (x = 4.0 
mm, S.E. = 0.2). No cradles were found near the junction of the two laterals or along 
the entrance tunnel. 

Bright (1976) stated that several pairs of T. retusum could be within the same gallery 
system occupying different lateral tunnels, but we observed only a single monogamous 
pair of beetles in each gallery system. The male remained located at or near the entrance, 
with the female active deeper in the tunnel system. As many as three additional laterals 
were constructed by the female, either by extending the main entrance tunnel deeper into 
the sapwood where it later curved to form a lateral, or by the construction of lateral 
branches from one or both existing laterals close to the origin of the first lateral tunnels. 
Inoculation of the ambrosia fungus, construction of egg cradles, and oviposition then 
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occurred in each new lateral tunnel. The continued enlargement of the galleries lasted 
from three to four weeks after the primary entrance tunnel was initiated. At this time the 
ambrosia fungus formed a continuous lining throughout the entire gallery system 
following the general pattern described by Farris and Chapman (1957) for T. lineatum 
infesting Douglas fir. 

Larval Activity 

The larvae of T. retusum hatched within a week after eggs were laid. They began to 
enlarge their cradles vertically into the wood until they were slightly larger than those of 
the adult beetle, about 4.8 mm in length. The cradle opening in the tunnel was covered 
with a mass of wood borings and fungal growth. The larvae gnawed on the walls and the 
end of their cradles. Wood fragments egested by the larvae as fecal pellets did not appear 
significantly changed by passage through the larval gut. The ambrosia fungus, which 
grew in patches on the walls of cradles, was ingested along with the wood fragments and 
apparently completely digested by the larvae. The fungus never formed a continuous 
lining within the cradle as was observed in the main tunnels of the galleries. The larval 
fecal pellets were pushed out into the tunnel through a small opening in the material 
covering the cradle. Adult beetles, still found in the tunnels at this time, pushed the larval 
fecal material along the tunnel and out the initial entrance hole onto the bark surface. The 
insect frass deposited on the bark surrounding the entrance hole was much darker in 
appearance than that deposited during the initial phase of gallery construction. 

Two larval instars were observed for T. retusum; this was consistent with the number 
previously recorded for T. !ineatum by Balfour (1962). The head capsulcs had two distinct 
sizes. The head capsule width for the first instar ranged between 0.37-0.48 mm (x 
0.44 mm, S.E. .004, n = 48); that of the second instar had a mean width of 0.72 mm 
(S.E. = 0.004. n 68, range 0.66-0.79 mm). The estimated dcvelopment time for both 
larval stages was from three to four weeks. The pupal stage lasted slightly over a week, 
with the pupae characteristically facing downwards in the enlarged cradle. The light
brown adults then developed and darkened with age. 

Mature Gallery Systems 

The mature gallery system with the tunnel extension, cradle construction, and 
oviposition completed has the following characteristics. The entrance tunnel penetrated 
directly to a mean depth of 23.4 mm (S.E. 2.1, n = 30, range 5-55 mm). The number 
of lateral tunnels in mature gallery systems varied from two to as many as five, with an 
average of 3.1 lateral tunnels (S.E. = 0.3, n 27 galleries). The average length of the 
combined lateral tunnels per gallery system was 86.1 mm (S.E. 2.4, n = 38, range 
25-109 mm). Within the 27 completed galleries studied, the average number of cradles 
per gallery was 12.4 (S.E. = 2.5, range 3-34 niches). Complete cradles indicated the 
successful development of full-term progeny larvae. Incomplete cradles shorter than 
normal full length were observed, but were not included in the above observations. 
Various causes for these abortive cradles included poor growth of ambrosia fungus. 
growth of non-ambrosial fungi, mites, and other invertebrate predators, which were 
occasionally observed with the gallery system. A correlation (r 0.643) was found 
between the number of cradles per gallery system and the lengths of the respective 
galleries. 

Emergence 

Only a few progeny and no parental adults were observed (from gallery systems studied 
from late August to October). The adults of T. retusum emerged presumably from their 

http:0.66-0.79
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Table I. Summer emergence of T. retusum progeny adults from five infested aspen sections in two 
week intervals. No beetles emerged prior to or after the time periods indicated. 

Dates Males Females 

16-30 June 2 0 
I 14 July 30 26 
14-28 July 28 26 
29 July-ll Aug. 3 3 
Totals 63 55 

brood galleries to overwinter in the forest litter, as has been observed with other 
Trypodendron species. The first adult leaving the brood galleries of five infested sections 
of aspen set in emergence enclosures was recorded on 20 June. Most of the beetles 
emerged in July (Table I). Adult beetles were generally fully pigmented, but some were 
light tan. Some of the emerging beetles undoubtedly represented parental beetles but 
whether they overwintered a second year is unknown. The sex ratio of the emerged beetles 
was approximately I: 1 (Table 1). 
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SEASONAL CORRECTION FACTORS FOR THE BIOTIC INDEXl 

William L. HilsenhofP 

ABSTRACT 

For evaluation of streams with the biotic index (BI), samples of arthropods should be 
collected in the spring before degree day accumulations of mean air temperatures above 
4.5°C reach 440° in warm-water streams, and before they reach 1050° in cold-water 
streams that remain below 20°e. Sampling in the fall may be resumed 60 days after the 
440 degree day accumulation in warm-water streams and 45 days after the 1050 degree 
day accumulation in cold-water streams. Stream temperature had no effect on the BI, 
except as it affected seasonal differences. Current had less effect on the BI than 
anticipated, but currents below 0.3 mlsec should be avoided. 

The arthropod biotic index (BI) was developed to evaluate organic and nutrient 
pollution, which causes depletion of oxygen in streams and alters their fauna (Hilsenhoff 
1977, 1982a, 1987). Dissolved oxygen levels often determine which species of arthropods 
are able to live in a stream, with current and water temperature being important related 
factors. Rapid currents transport more oxygen past insects making dissolved oxygen more 
available, while higher temperatures increase metabolism and the need for oxygen. In 
summer, dissolved oxygen in streams reaches its lowest levels because warm water holds 
less oxygen, nocturnal plant respiration reaches a maximum, and aerobic decomposition 
of organic matter is also at its maximum. To avoid summer stress from low dissolved 
oxygen, higher summer metabolic rates, and often low water levels, many insects have 
resistant eggs or nymphs that pass the summer in diapause. Arthropods that are collected 
in summer tend to be more tolerant of low dissolved oxygen and have higher tolerance 
values, causing BI values to be higher in the summer (Hilsenhoff 1982a, 1987). In 1984 
I began a study to develop seasonal correction factors and to evaluate possible effects of 
current and temperature. 

MATERIALS AND METHODS 

Seasonal Correction Factors. Six streams in southern Wisconsin were chosen for 
study. Two were unpolluted second order streams, Otter Creek being a spring-fed 
woodland stream and Trout Creek flowing through open country and having a large 
inflow of spring water about 0.5 km above the sampling site. The Sugar River and 
Narrows Creek are third order streams that were polluted to different degrees by pasturing 
of cattle. Badfish Creek is a third order stream that receives the effluent of the Madison 
Metropolitan Sewerage District, and the West Branch pf the Pecatonica River is a second 
order stream, with my sampling site being 2 km downstream from the Cobb sewage 

lResearch supported by the College of Agricultural and Life Sciences, University of Wisconsin
Madison, and by Hatch Research Project 2785. 

2Department of Entomology, University of Wisconsin, Madison, WI 53706. 
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treatment plant and 50 m downstream from an area where both hogs and cattle have access 
to the stream. All except this last sampling site were described previously (Hilsenhoff 
1977, 1982b). 

Samples of 100 + arthropods were collected from each of three riffles in each stream 
at 2-week intervals from 18 April to 23 November 1984 and 16 April to 13 November 
1985. Some intervals exceeded 2 weeks in 1984 because storms or high water prevented 
sampling on intended sampling dates. Samples were collected and processed, and the BI 
calculated as outlined by Hilsenhoff (1987). 

Effects of Temperature. Samples were collected from each of three riffles in Sidney 
Creek on 20 June, 1 August, and 18 October 1984 and less than one hour later from each 
of three riffles 7 km downstream in the North Branch of the Pike River. Sidney Creek is 
a cold, second order stream that joins with Macintire Creek to form the North Branch of 
the Pike River in a relatively uninhabited area of Marinette County, Wisconsin. Both 
sampling sites had similar substrate and current, but there was a 7°C difference in summer 
water temperature due to warming in two small impoundments between the sampling 
sites. 

Effects of Current. The BI of four replicate samples from riffles with a current of 0.50 
mlsec were compared with four replicates with a current of 0.25 mlsec in collections 23 
October 1985 from two central Wisconsin streams, the Mecan River in Waushara County 
and the Poplar River in Clark County. Similar replicate samples 7 November 1985 from 
two northern Wisconsin streams, the Little Jump River in Price County and the North 
Braneh of the Pike River were also compared. The current was measured 10 cm above the 
substrate with a pygmy current meter. On 18 September 1985, during low flow. current 
was measured in each of three riffles sampled in six study streams being evaluated for 
seasonal correction factors. The BI at each riffle was compared on the last five sampling 
dates in 1985. 

RESULTS AND DISCUSSION 

Seasonal Correction Factors. Developmental rates for most stream arthropods are 
related to temperature and food, with temperature influencing the production of food and 
being the factor that varies most from year to year. Temperature influences dates of 
emergence of most insects, especially in spring, and may also determine hatching dates 
of eggs in spring. Since seasonal succession of stream arthropods in spring is mostly 
related to changing temperature, and since these changes in community structure are 
reflected in the BI, correction factors must be tied to changes in stream temperature, or 
air temperature, which is directly related to stream temperature. In autunm, daylength is 
likely the most important factor in determining when the diapause of eggs or nymphs is 
broken, although temperature may also be a factor (Tauber et al. 1986). 

Because mean daily air temperatures are readily available in all areas, BI values of the 
six study streams were compared with degree day accumulations of daily mean air 
temperatures at Madison, which is within 100 km of all of the streams. A base 
temperature of 4.5°C (40°F) was chosen arbitrarily. This is somewhat lower than the base 
temperature used for predicting development of most terrestrial species that are agricul
tural pests, but the results differed very little from results achieved when a base of 10°C 
was used. Some insects, such as species of Capniidae and Taeniopterygidae (Plecoptera) 
and Prosimulium (Diptera: Simuliidae) grow r . ly at much lower temperatures, but 
most aquatic arthropods tend to feed and de only after water temperatures have 
warmed in the spring. Temperature and other factors influencing life history patterns of 
aquatic insects were reviewed by Sweeney (1984). 

In 1984, degree day accumulations were very nearly normal (Fig. 1). BI values for each 
of the four warm-water streams increased sharply in early June, declined to normal levels 
in early August, and rose again in late October and November as summarized in Figure 
1. In the two cold-water streams, which had summer maximum temperatures below 20°C, 
BI values were higher from mid-July through August, and then declined steadily (Fig. 1). 
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Figure 1. Mean biotic index values of four warrn-wate( S1Ieams and two cold-water streams in 1984 
(solid lines) and 1985 (dashed lines), with 95% confidence limits (dotted lines) for the mean of the 
lowest 75% of biotic index values. Comparison of degree day accumulations of mean air 
temperatures above 4.5°C in 1984 (solid line) and 1985 (dashed line) with 1951-1980 average 
(dot -dash line). 

In the spring of 1985, temperatures were much above nonnal and degree day 
accumulations were about 3 weeks ahead of 1984 in May and about 2 weeks ahead in June 
(Fig. 1). In warm-water streams the impact on the BI was much less than in 1984 and 
occurred about 3 weeks earlier, while the effect on the BI of cold-water streams was 
similar to 1984 and also occurred about 3 weeks earlier (Fig. 1). Examination of the data 
suggests that differences between 1984 and 1985 in warm-water streams were due to 
differences in emergence and recruitment times of arthropods, with the warm weather in 
1985 accelerating emergence and recruitment more in some than in others. A 
mean BI that is believed to be representative of the BI during most of the year was 
calculated from the 12 lowest spring and fall samples each year for the four warm streams 
and the two cold streams, the four summer samples with abnormally high BI values not 
being used. Based on a standard deviation of 0.25 for all replicates, it was detennined 
during which period of the year the BI exceeded the 95% confidence limits (± 0.48) of 
these mean BI's (Fig. 1). The mean BI for warm streams was 5.92 in both years, but in 
the cold streams it was 2.34 in 1984 and 2.59 in 1985. The higher value in 1985 was due 
to elevated BI values for Trout Creek from late August to mid October, a phenomenon that 
was never observed during a previous 5-year study of this stream (Hilsenhoff 1982b) and 
which I believe was due to recent pollution upstream. 

Because of the disparity of the data in the two study years it is not possible to fonnulate 
a correction factor that will work well in both years. The best solution is to use the BI to 
evaluate streams only in the spring and fall of the year. In spring, samples should be 
collected from wann-water streams before 440 degree days C have accumulated using 
4SC as the threshold mean temperature (800 degree days F using 40°F). Samples may 
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Table I. Analysis of variance of biotic index values of arthropod samples collected from Sidney 
Creek and the North Branch of the Pike River, Marinette County, Wisconsin, in 1984. 

Mean Biotic Index 

Date Sidney Cr. N. Br. Pike R. SD F 

June 20 2.97 2.35 0.17 19.67a 

Aug. 1 2.04 3.04 0.14 74.38" 
Oct. 18 2.50 2.11 0.41 1.38 

"p 0.05 

Table 2. Analysis of variance of biotic index values of arthropod samples from currents of 0.25 mlsec 
and 0.50 mlsec in four Wisconsin Streams. 

Mean biotic Index 

Stream 0.50 mlsec 0.25 mlsec SD F 

Mccan R. 2.00 3.03 0.25 34.84" 
Poplar R. 3.81 4.31 0.30 5.45 
N. Br. Pike R. 2.42 2.78 0.38 1.69 
Little Jump R. 3.52 3.56 0.27 0.06 

ap = 0.01 

be collected from cold-water streams until degree day accumulations reach 1050°C (1900e 

above 40°F), with cold-water streams being defined as streams in which afternoon water 
temperatures in summer remain below 20°e. Sampling may be resumed in the fall 60 days 
after the 440 degree days C have been reached in warm-water streams and 45 days after 
the 1050 degree days C have been reached in cold-water streams. This procedure should 
avoid exceeding the 95% confidence limits for the BL Sampling after 1 November should 
probably also be avoided because BI values of warm-water streams tend to be abnormally 
high, and those of cold-water streams abnormally low. If samples must be collected 
during periods when BI values are abnormally high, subtracting 0.50 will not reduce the 
B1 value below the lower confidence limit and will bring Bl values more in line with those 
that would be obtained during the recommended sampling period. These recommenda
tions are based on studies in an area where most streams freeze in winter, and may not be 
applicable farther south. 

EtTects of Temperature. The 7°C difference in temperature caused a significant 
difference in the Bl of the two streams in June and August, but not in October (Table I). 
with the Bl of Sidney Creek being lower than that of the North Branch of the Pike River 
in June and higher in August. This was probably due to the normal seasonal variation in 
the BI, which causes cold streams (Sidney Creek) to have elevated BI values in late July 
and August, and warm streams (North Branch of the Pike River) to have elevated values 
in June and July. Stream temperature does not appear to affect the BI, except for its 
influence on seasonal differences. 

EtTects of Current. Mean Bl values were always higher at currents of 0.25 mlsec than 
at 0.50 mlsec, but the differences were statistically significant only in the Mecan River 
(Table 2). Differences in mean BI values of the Little Jump River and North Branch of 
the Pike River were less than 0.36, probably because samples were taken when water 
temperatures were at O°C, dissolved oxygen levels were at saturation, and most 
arthropods had probably ceased feeding and moved to overwintering sites. 

In four of the six streams studied for seasonal correction, there was a significant 
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Table 3. Analysis of variance of biotic index values of arthropod samples from three riffles with 
varying currents at low flow in six Wisconsin streams at 2-week intervals from 18 September to 
13 November 1985. 

Current m1sec Mean Bl 

Stream 2 3 2 3 SD F 

Otter Cr. 0.42 0.53 0.75 2.08 1.83 2.06 0.27 1.37 
Trout Cr. 0.87 0.81 0.59 3.83 3.33 2.73 0.46 7.23a 

Sugar R. 0.47 0.38 0.56 5.27 5.62 5.19 0.24 4.49a 

Pecatonica R. 0.68 0.61 0.65 5.41 5.92 5.82 0.16 14.68b 

Badfish Cr. 0.48 0.64 0.66 7.11 6.87 7.08 0.17 3.12 
Narrows Cr. 0.81 0.81 0.71 7.85 7.41 7.13 0.32 6.36a 

ap = 0.05 
0p = 0,01 

difference in BI values of the three riffles that were compared from September through 
November 1985, but these differences appeared to be related to differences in the 
microhabitats of each riffle rather than current, with the slowest current having the highest 
BI in two streams and the lowest in the other two (Table 3). Proximity of macrophytes to 
one or two riffles was likely a factor in two of the streams. Current appears to have less 
influence on the BI than previously thought, but sampling in currents of less than 0.3 
mlsec is not recommended, and could result in erroneously high BI values. 
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REVISIONARY NOTES ON PREDACEOUS HEPTAGENIIDAE BASED 
ON LARVAL AND ADULT ASSOCIATIONS (EPHEMEROPTERA) 

W. P. McCafferty and A. V. Provonsha1 

ABSTRACT 

New data indicate that larvae previously described as Spinadis Edmunds and Jensen and 
Spinadis wallacei Edmunds and Jensen are the larval stage of the prior named adults of 
Anepeorus simplex (Walsh) and are therefore synonymized. It is highly probable that 
larvae described as Acanthomola pubescens Whiting and Lehmkuhl represent the larval 
stage of Anepeorus rusticus McDunnough, but they remain to be reared. Anepeorus sensu 
novum and Pseudiron are placed in the subfamily Anepeorinae, and Raptoheptagenia (= 
recently associated Heptagenia cruentata Walsh adults and larvae previously thought to 
be Anepeorus) is placed in the subfamily Heptageniinae. 

Recent studies by McCafferty and Provonsha (1984, 1985, 1986) dealt with the 
predaceous heptageniid mayflies that have been traditionally placed in the genera 
Anepeorus McDunnough, Pseudiron McDunnough, and Spinadis Edmunds and Jensen. 
Questions were raised with regard to certain larval associations and application of generic 
nomenclature to the larval stage. The nomenclatural propriety of Pseudiron, which was 
recently revised by Pescador (1985), is not in doubt. The larva first assigned to Anepeorus 
by Burks (1953) was clearly stated to be questionable and provisional, but by the 
appearance of the treatment of North American mayflies by Edmunds et al. (1976), this 
form had been generally accepted without question as correct, although such larvae had 
never been reared, and McCafferty and Provonsha (1985, 1986) were highly suspect of 
the association. The genus Spinadis was based on a very distinctive larval form (Edmunds 
and Jensen 1974), but the fact that only a female adult has been reared from such larvae 
has not clearly resolved the question of whether its adult stage had been previously 
described under a different name (McCafferty and Provonsha 1984). 

Two recent findings lead us to now suppress the name Spinadis. Reexamination of the 
female adult (McCafferty and Provonsha 1984) reared from a larva referable to Spinadis 
indicates that it is similar to adult females tentatively assigned to Anepeorus that were 
taken in series with male adults of Anepeorus simplex (Walsh). Similarities include wing 
venation, shape of the costal projection of the hindwing, hind tarsus to tibia ratio, ventral 
margin of the frontal shelf of the head, margination of the eyes dorsally, and elongation 
and posterior margin of the pronotum. These morphological traits (see McCafferty and 
Provonsha [1984] for details) are not only strikingly similar in these females but also very 
similar in males that are without doubt Anepeorus. 

In addition, larvae referable to Anepeorus were very recently reared in Saskatchewan 
to adults of Heptagenia cruentata Walsh by Whiting and Lehmkuhl (1987a), who erected 
a new genus, Raptoheptagenia, for that species. Thus, with the accurate placement of 
those larvae, there remains no contradiction that larvae originally named Spinadis are the 
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larvae of Anepeorus simplex. Also, known distributional and large-river habitat data for 
larvae known as Spinadis and adults of A. simplex in eastern North America are similar. 

In consideration of the above we designate Spinadis Edmunds and Jensen as a NEW 
JUNIOR SYNONYM of Anepeorus McDunnough, and Spinadis wallacei Edmunds and 
Jensen as a NEW JUNIOR SYNONYM of Anepeorus simplex (Walsh). The genus 
Anepeorus is very distinctive in both the adult stage (McCafferty and Provonsha 1985) 
and larval stage (described as Spinadis [Edmunds et at. 1976, McCafferty and Provonsha 
1986]). 

The larval stage of Anepeorus rusticus McDunnough, the western North American 
species, remains unknown. Adults of this species are clearly congeneric with, but 
distinguishable from, those of A. simplex (McCafferty and Provonsha 1985), but it is 
problematic as to how similar the larvae of the two species will prove to be. We predict 
that A. rusticus larvae will be a two-tailed predaceous form (with reduced mouthpart 
setation and reduced molar region) with gill structure similar to A. simplex. The presence 
of spines, or tubercles, dorsally on the body ofA. simplex may be of generic significance. 
The head shape of A. rusticus larvae could be somewhat different than that of A. simplex 
since there are distinctive differences in the frontal shelf of the adults of the two species 
(McCafferty and Provonsha 1985). 

In consideration of all of the above, it appears extremely probable that the larvae 
recently described as Acamhomola pubescens Whiting and Lehmkuhl (1987b) from 
Saskatchewan is actually the larval stage of Anepeorus rusticus. The similarity in 
characteristics to those of larval A. simplex is comparable in degree to the similarities 
between the adults of the two Anepeorus species. The range and general habitat for A. 
rusticus adults include that of the newly described larvae. Although it is our opinion that 
Acanthomola pubescens is synonymous with Anepeorus rusticus, it would appear prudent 
to defer formal synonymy until verified by rearing, especially in light of the recent history 
of misassociations within the predaceous Heptageniidae. Unfortunately, Whiting and 
Lehmkuhl (1987b) stated that because of its rarity and threats to its habitat the larvae 
probably would never be reared. 

Spinadis and Pseudiron were found to be closely related based on larval mouthparts 
(McCafferty and Provonsha 1986). We now consider Anepeorus sensu novum and 
Pseudiron to be sister genera for the same reasons, and because of additional adult 
synapomorphies. We therefore place Pseudiron and Anepeorus (including nominal 
Acanthomola) together in the subfamily Anepeorinae rather than in separate subfamilies 
as has been done in the past. 

Raptoheptagenia is more plesiomorphic than Anepeorus and Pseudiron, and it appears 
to be either independently derived or intermediate between the more generalized 
heptageniid genera traditionally placed in the subfamily Heptageniinae and the specialized 
Anepeorus and Pseudiron. The larvae of Raptoheptagenia, although predaceous and with 
a highly modified gill structure, have a body form more typical of Heptageniinae. They 
also possess a number of autapomorphies, such as raptorial labial palps (McCafferty and 
Provonsha 1986). The adult of Raptoheptagenia has remained a more generalized form 
typical of many Heptageniinae. McDunnough (1931), however, noted certain similarities 
between the adults of Pseudiron and Raptoheptagenia (as Heptagenia cruentata). We 
prefer to include Raptoheptagenia in the subfamily Heptageniinae until its relationships 
can be more fully elucidated. 

ACKNOWLEDGMENTS 

This paper is published as Purdue Experiment Station Journal No. 11 ,205. 



1988 THE GREAT LAKES ENTOMOLOGIST 17 

LITERATURE CITED 

Burks, B. D. 1953. The mayflies, or Ephemeroptera, of Illinois. BulL Illinois Nat. His!. Surv. 
26:1-216. 

Edmunds, G. F., Jr., and S. L. Jensen. 1974. A new genus and subfamily of North American 
Heptageniidae (Ephemeroptera). Proc. EntomoL Soc. Washington 76:495-497. 

Edmunds, G. F., Jr., S. L. Jensen, and L. Berner. 1976. The mayflies of North and Central 
America. Univ. Minnesota Press, Minneapolis, 330 pp. 

McCafferty, W. P., and A. V. Provonsha. 1984. The first adult of Spinadis (Ephemeroptera: 
Heptageniidae). EntomoL News 95:173-179. 

1985. Systematics of Anepeorus (Ephemeroptera: Heptageniidae). Great Lakes EntomoL 
18:1-6. 

1986. Comparative mouthpart morphology and evolution ofthe carnivorous Heptageniidae 
(Ephemeroptera). Aq. Ins. 8:83-89. 

McDunnough, J. 1931. New species of North American Ephemeroptera. Canadian EntomoL 
63:82-93. 

Pescador, M. L. 1985. Systematics of the Nearctic genus Pseudiron (Ephemeroptera: Heptageniidae: 
Pseudironinae). Florida Entomol. 68:432-444. 

Whiting, E. R., and D. M. lehmkuhL 1987a. Raptoheptagenia cruentata, gen. nov. (Ephemerop
lera: Heptageniidae), new association of the larva previously thought to be AnepeorU8 with the 
adult of Heptagenia cruentata Walsh. Canadian EntomoL 119:405-407. 

___. 1987b. Acanthomola pubescens, a new genus and species of Heptageniidae (Ephemcrop
tera) from western Canada. Canadian EntomoL 119:409-417. 



1988 THE GREAT LAKES ENTOMOLOGIST 19 

LIFE HISTORY OF MESOVELIA MULSANTI (HEMIPTERA: 

MESOVELIIDAE) IN SOUTHERN ILLINOIS 


J. E. McPherson' 

ABSTRACT 

The life history of Mesovelia mulsanti was studied during 1983-1986. This species was 
apparently trivoltine with a partial 4th generation at the end of the year. It overwintered 
as eggs. First ins tars appeared in mid-April followed by marked overlapping of the 
subsequent instars and generations. The first adults appeared in early May. No active 
individuals were found after November. 

The water treader Mesovelia mulsanti White ranges from southern Canada through 
much (all?) of the United States to the West Indies and Argentina, and also occurs in 
Hawaii (Polhemus and Chapman 1979). It is very common in southern Illinois. 

Scattered notes have been published on this bug's life history. It occurs in shaded and 
unshaded areas, generally on the surface of standing water covered with much vegetation 
(e.g., duckweeds, algae) (Andersen 1979; Andersen and Polhemus 1980; Bennett and 
Cook 1981; Bobb 1974; Brooks and Kelton 1967; Ellis 1952; Herring 1950; Hilsenhoff 
1986; Hoffmann 1932; Hungerford 1917, 1919, 1924; Neering 1954; Polhemus and 
Chapman 1979; Torre-Bueno 1905, 1908, 1923; Uhler 1884; Williams 1944; Wilson 
1958). It is predaceous, feeding chiefly on insects found on the water surface (Bennett and 
Cook 1981; Bobb 1974; Brooks and Kelton 1967; Hoffmann 1932; Hungerford 1917, 
1919; Polhemus and Chapman 1979; Uhler 1884) and possibly small organisms (e.g., 
Crustacea) that come to the surface film from below (Brooks and Kelton 1967; 
Hungerford 1917, 1919). 

The overwintering stage of this bug was unknown for many years. Early authors felt M. 
mulsanti overwintered as adults (Hungerford 1917, 1919; Uhler 1884); this belief 
occasionally appears in more recent literature (e.g., Brooks and Kelton 1967). However, 
it has become apparent that in northern parts of North America, it overwinters as eggs 
(Bennett and Cook 1981; Bobb 1974; Galbreath 1973, 1975; Hilsenhoff 1986; Hoffmann 
1932); nymphs and adults do not survive hard freezes (Galbreath 1973). In the southern 
United States, it is active year around (Herring 1950, Polhemus and Chapman 1979); 
surprisingly, Froeschner (1949) reported adults had been found throughout the year in 
Missouri. 

Females, at least in northern areas, are capable of laying both diapause and nondiapause 
eggs. Near the end of seasonal activity, they can lay only nondiapause, or diapause and 
nondiapause, or only diapause eggs with the transition from nondiapause to diapause 
occurring in early September (Galbreath 1973). Diapause eggs overwinter (Galbreath 
1973, 1975) and cold exposure promotes development in these eggs (Galbreath 1973). 

Eggs are inserted into plant tissue (Brooks and Kelton 1967; GalbreatQ 1973, 1975; 
Hoffmann 1932; Hungerford 1917,1919, 1924). 

'Department of Zoology, Southern Illinois University, Carbondale, IL 62901. 
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M. mulsanti has been reported to have several generations per year (Hilsenhoff 1986; 
Hungerford 1917, 1919; Torre-Bueno 1923); Galbreath (1973, 1975) stated five or more. 

This bug has been reared in the laboratory under uncontrolled (Hoffmann 1932; 
Hungerford 1917,1919; Neering 1954) and controlled (Galbreath 1975, Lanciani 1987) 
conditions and the egg (Cobben 1968; Hoffmann 1932; Hungerford 1917, 1919) and five 
nymphal instars (Hoffmann 1932; Hungerford 1917, 1919) have been briefly described. 

For the past four years (i.e., 1983-1986), I have studied the life history of a population 
of M. mulsanti occurring in the La Rue-Pine Hills Ecological Area. This area, which is 
part of the Shawnee National Forest, is located in the northwest corner of Union County, 
Illinois, and is ca. 30 km northeast of Cape Girardeau, Missouri. It includes both heavily 
forested limestone bluffs, and moist forests at the base of these bluffs that surround La 
Rue Swamp and Winters Pond. These aquatic habitats are continuous and it is here where 
this mesoveliid occurs. Much of the study area is blanketed with duckweeds (i.e., Lemna. 
SpirodeZa, Wolffia, and Wolffiella) along the shoreline. 

This paper presents the life history of this insect. 

MATERIALS AND METHODS 

The study began in March 1983, before the bugs became active that year. Samples of 
adults and (or) nymphs were taken with an aquatic net at ca. weekly intervals at six sites 
along the edge of the study area into November when all nymphs and adults had 
disappeared. Sampling during the following three years was conducted similarly. All 
samples were preserved in 75% ethanol and subsequently examined in the laboratory to 
accurately detennine the developmental stages present in each sample. Occasional 
samples were also taken during the winter to detennine the overwintering stage(s). Data 
gathered during the four years of this study were combined to gain a better understanding 
of the annual life cycle. 

RESULTS AND DISCUSSION 

This insect overwintered as eggs and became active in mid-April (Fig. lA-B). This 
statement is based on the following data, even though no eggs were found during the study. 
Adults and all nymphal instars were active into mid-November but had disappeared from 
samples by late November. However, the first individuals found the following spring were 
all 1st instars, and in much higher numbers than the previous fall. Although it is possible 
that some of the early spring 1 st instars had successfully overwintered, it is highly unlikely 
that environmental conditions severe enough to kill older individuals, including adults, 
could have spared the 1st instars. Therefore, the most plausible explanation supports those 
authors (cited above) who have stated M. mulsanti overwinters as eggs. 

This species generally has been considered to have several generations per year, 
perhaps exceeding five. My data do not support this contention for southern Illinois. 
There were three clearly defined peaks (April-May, June, and August-September) (Fig. 
lB). The small peaks in July-August for the 3rd-5th instars resulted from a high number 
of these individuals collected at one site on the same date and do not represent a general 
trend. Thus, this insect appears to be trivoltine with a partial 4th generation at the end of 
the year. However, it is possible, as Dr. J. E. Galbreath has stated (pers. comm.), that 
additional generations may have been masked in the rather extended 3rd. The range of 
dates of seasonal activity for nymphs and adults (i.e., mid-April-mid-November) closely 
corresponds to that of Galbreath (1975). 

The wide distribution of this species from southern Canada to the West Indies and 
Argentina, and even to Hawaii, exposes it to a wide range of annual temperatures and 
moisture; it is at the same time both a temperate and a tropical species. Although this 
insect's life history apparently has not been thoroughly studied in the southern parts of its 
range, it is known to be reproductively active throughout most of the year in Florida 
(Herring 1950) and year around at even lower latitudes (Polhemus, pers. comm.). Thus, 
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Figs. lA-B. CA) Percent of individuals in each stage per sample of M. mtllsanti during 1983-1986 
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figures, bars extend to last date specimens were collected; dashed lines between first and last dates 
indicate no specimens were found. 
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it appears that diapause plays less of a role, if any, in the survival of this insect in 
subtropical and tropical areas and, conversely, more of a role in temperate areas. 

According to Tauber et al. (1986), seasonal cycles are often influenced by photoperiod 
progression, the most predictable cue to future conditions. At least for temperate species, 
however, temperature and other environmental factors may modify the effects of 
photoperiod. For equatorial and tropical insects, effects of temperature and moisture may 
override the role of photoperiod. 

Incorporation of diapause into the life cycle has several advantages, two of which are 
(I), enabling the insect to survive harsh seasonal conditions and (2), synchronizing 
development of postdiapause individuals. Production of a partial (i.e., nondiapause) 
generation at the end of a season (as occurs in M. mulsami) would appear to be disad
vantageous, as these offspring would not survive the winter. It would be disadvantageous 
if the final generation were never completed. However, if the length offavorable conditions 
in the fall is so variable that occasionally the last generation is completed, then it is 
advantageous to reproduce as long as possible even at the risk of losing the final generation. 

An insect that produces nondiapause and diapause individuals late in the season in a 
variable climate is, to use Tauber et al.'s term, "bet-hedging." The population always is 
prepared to survive the rigors of winter because it produces at least some diapause 
individuals. In those years in which the final generation is not completed, the diapause 
individuals will be the only source of the next generation. However, in those years in 
which the final generation is completed, the potential number of offspring of these parents 
surviving the winter is increased as is, therefore, the probability that their particular genes 
will be passed on to subsequent generations. 

M. mulsanti is trivoltine in southern Illinois with a final partial generation and, as 
Galbreath (1973) noted, produces an increasing number of diapause eggs toward the end 
of the season. This is the long-day type of response described by Tauber et al. (1986) (i.e., 
insect reproduces, grows, and develops during the long-day conditions of late spring and 
early summer and enters diapause during the short-days of late summer and fall). Tauber 
et al. (1986) also noted that low temperatures tend to enhance the diapause-inducing 
effects of short-days and, by implication, high temperatures tend to reduce these effects. 
Galbreath (1973) stated that day lengths of 13 hrs or less in southern Illinois apparently 
stimulate the development of diapause eggs and that high temperatures might block this. 
She also found (1976) that age is apparently important as females tend to lay a higher 
proportion of diapause eggs as they near senility. The advantage to this age effect is that 
during transition from nondiapause to diapause eggs, the same female may provide for a 
subsequent nondiapause generation and for an overwintering diapause generation. 

I predict that this insect lays few or no nondiapause eggs late in the season in the most 
northern parts of its range. Likewise, tropical and, perhaps, subtropical populations either 
are unable to produce diapause eggs or, if able, are normally prevented from doing so by 
warmer temperatures. 
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BIBLIOGRAPHIC GUIDE TO THE TERRESTRIAL ARTHROPODS 

OF MICHIGAN: SUPPLEMENT 1 


Mark F. O'Brien! 

ABSTRACT 

A list of publications dealing with faunistic studies, range extensions, systematics, and 
identification of the terrestrial arthropods of Michigan is presented, primarily for the 
period of 1983-1987. Correlation is also made between earlier entomological activities 
and resulting publications on the fauna of the state. 

This list is an addendum to an earlier bibliographic review (O'Brien 1983). It contains 
citations that were not included in that publication and many useful references which have 
appeared since 1983. 

In compiling this bibliography, I realized that it also provides a measure of progress in 
our study of the insect fauna of Michigan. Figure 1 shows the number of papers that have 
appeared on the fauna of the state since 1878 (using the criteria specified in O'Brien 
[1983]) in five-year increments. Two major peaks, during 1906-1910, and 1966-1970, 
coincide with major developments in the study of the Michigan fauna. The first was a 
result of early efforts by the State Geological and Biological Survey and The University 
of Michigan to study the fauna and flora of various areas in the Northern Lower 
Peninsula, Upper Peninsula, and Isle Royale (Ruthven 1910). Later, privately funded 
expeditions such as the Mershon Expedition to the Charity Islands and Shiras Expedition 
to Whitefish Point also resulted in publications on the fauna in the period of 1916-1925. 

The second peak, by far the larger, corresponds to the increase in faunistic studies 
associated with the formation of the Michigan Entomological Society and the subsequent 
appearance of The Michigan Entomologist (now The Great Lakes Entomologist). The 
appearance of this journal afforded talented amateurs and professionals a means of 
disseminating information in a timely and inexpensive manner, in a journal oriented 
towards their region of interest. The comraderie that existed in the sixties led to a number 
of field trips by members of the Society to various areas of the state, and these in turn led 
to numerous notes in the Newsletter o/the Michigan Entomological Society (see O'Brien 
1983). Although the rate of publication has decreased somewhat since the 1966-1970 
period, it has remained steady at a rate of 5-6 papers per year. 
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MOVEMENT, DISPERSION, AND ORIENTATION OF A 

POPULATION OF THE COLORADO POTATO BEETLE, 


LEPTINOTARSA DECEMLINEATA (COLEOPTERA: 

CHRYSOMELIDAE), IN EGGPLANT 


Charles E. Williams! 

ABSTRACT 

Short-term dispersal, dispersion, and orientation of a population of the Colorado potato 
beetle, Leptinotarsa decemlineata. were examined in a uniformly spaced planting of 
eggplant using a mark-recapture technique. Recaptures of marked beetles declined 
throughout the study, the greatest decline occurring 24 h after release. Dispersal of 
remaining beetles through the field was gradual; beetle numbers declined with distance 
from the release point during the first 3 days of the study and increased with distance 
thereafter. Beetles were highly aggregated for 3-4 days after release but were well 
dispersed for the remainder of the study. Dispersal of aggregated beetles may have been 
stimulated by host plant defoliation. Orientation of dispersing beetles was significantly 
nonrandom for the majority of the study. Beetles oriented predominantly east-northeast. 

Dispersal is an important process in the dynamics of insect populations. For example, 
gene flow (Liebherr 1986), population structure (McCaughley et al. 1981, Brown and 
Brown 1984), and patterns of resource exploitation (Myers 1976, Myers and Campbell 
1976) are influenced by the dispersal capabilities of an insect species. Dispersal is also a 
fundamental consideration for the development of insect pest management programs 
(Price and Waldbauer 1975). Thus, information on insect dispersal may contribute to an 
understanding of basic population processes and, in the case of pest species, to the 
development of potential management schemes. 

Insect dispersal has typically been assessed at two, often exclusive (Stinner et al. 1983), 
scales. The first is large-scale dispersal or migration, involving the movement of insects 
between habitat patches (Southwood 1962, Johnson 1969, Kennedy 1975). The second is 
movement within a habitat patch, referred to as "trivial" movement (Southwood 1962, 
Kennedy 1975) or diffusion (Kareiva 1983). Within patch movements have been 
examined in predaceous insects and specialized herbivores, particularly in relation to 
biological control potential (Shepard et al. 1974, Cartwright et al. 1977) and response to 
variable host plant density, quality, and diversity (Bach 1980, Karieva 1982). Analyses 
of within patch movements are vital adjuncts to studies of large-scale dispersal; the 
manner in which an insect disperses through and utilizes a habitat patch also influences 
migratory tendencies (see Southwood 1977). 

In this paper I describe within patch movement of a specialist herbivore, the Colorado 
potato beetle, Leptinotarsa decemlineata (Say) (CPB). The CPB is the major insect pest 
of solanaceous crops (e.g., potato, tomato, and eggplant) in much of North America. 

!Department of Entomology and Economic Zoology, Rutgers University, New Brunswick, NJ 
08903. Present address: Department of Biology, Virginia Polytechnic Institute and State University, 
Blacksburg, VA 24061. 
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Large-scale population dynamics of the CPB have been extensively investigated (Harcourt 
1963, 1964, 1971; Latheef and Harcourt 1974; Lashomb and Ng 1984) but little is known 
about short-tenn dispersal and dispersion tendencies of this species in host plant patches 
(Johnson 1969, May and Ahmad 1983). The purpose of this study was to examine 
movement, dispersion, and orientation of a CPB population released in the center of a 
uniformly spaced planting of eggplant (Solanum melongena L.). I was specifically 
interested in the rate of movement and directional preference of dispersing beetles in a 
host plant patch since previous studies have demonstrated that the CPB exhibits high per 
plant tenure time (Bach 1982) and distinct orientational preferences (Ng and Lashomb 
1983). Eggplant was selected as a host because of ongoing investigations of chemical 
(Silcox et al. 1984) and biological (Williams 1987) controls for the CPB in eggplant 
crops. 

MATERIALS AND METHODS 

This study was conducted in South Brunswick, Middlesex County, New Jersey, during 
July and August 1983. Eggplant seedlings ('Classic' cv.) were planted at 1.8-m intervals in 
rows 1.8 m apart in a 44 by 44-m plot during early June. Granular fertilizer (Osmocote 
20-20-20) was applied in furrow during transplant and plants were irrigated regularly 
throughout the study. The study plot was manually cultivated to minimize disturbance to 
beetles. Spacing of study plants was greater than commercial crop spacing (e.g., rows 
1.0-1.5 m apart, plants 0.6-1.0 m apart within a row; New Jersey Commercial Vegetables 
Recommendations [1983]) to allow easy movement among plants when searching for 
beetles or cultivating the plot. Plant colonization or movement of the CPB among plants 
does not appear to be affected by host plant density or dispersion (Bach 1982), so a 
unifonn plant spacing was chosen to approximate conditions in a commercial eggplant 
field and to produce a host plant grid in which each plant had a unique X-Y coordinate 
location. 

The study plot was bounded on the north, south, and west by fallow field (Fig. 1). 
Greater (Ambrosia trifida L.) and lesser ragweeds (A. artemisiifolia L.) dominated the 
fallow field matrix. A woodlot and wooded corridor composed primarily of black cherry 
(Prunus serotina Ehrh.) bordered the eastern edge of the study plot. The study plot and 
surrounding field had no recent history of solanaceous crop production. 

Several thousand newly emerged, summer generation CPB were collected from a 
commercial potato field on 19 July. Fifteen hundred beetles were selected at random for 
release into the study plot (estimated sex ratio 1: 1, n = 50). Beetles were marked by a 
small drop of red nail polish on the right elytron to distinguish released beetles from 
colonists. Laboratory observations of marked beetles showed negligible mortality or 
behavioral modification due to marking. Marked beetles were supplied with fresh 
eggplant foliage and maintained in laboratory cages for 48 h before release. 

Fifteen hundred marked CPB were released on the ground in the center of the study plot 
at 0600 h on 21 July (x plant height at release 30.21 ± 1.48 (S.E.) cm, n 24). 
Location of beetles was monitored daily for the first 4 days beginning 22 July and twice 
weekly thereafter. Searches for marked beetles were conducted each sample day on all 
plants. 

Iromigration of adult CPB into the study plot was monitored before the release of 
marked beetles. Both L. decemlineata and L. juncta Guerin were occasionally removed 
from the study plot but the influx of beetles from the surrounding matrix was extremely 
low, attributable to the isolation of the study plot from commercial potato acreages and 
recent cropping history. 

Data were analyzed via the General IJ-inear Models and Univariate procedures of 
Statistical Analysis Systems (SAS Institute, Inc. 1982). Plant coordinates were converted 
to compass coordinates and the mean direction of dispersing CPB was detennined 
statistically using Rayleigh's test (Greenwood and Durand 1955, Zar 1984). Movement 
was considered random when mean angles were not significant (P > 0.05). Dispersion of 
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Fig.!. Field plan for CPB movement study, South Brunswick, Middlesex County, New Jersey. 

beetles was described by Green's coefficient of dispersion (G.c.) (Green 1966). G.C. 
values greater than 0.01 indicate an aggregated population whereas smaller values depict 
randomness. Green's coefficient was chosen because values are not influenced by 
population density and provide accurate measures of dispersion (Myers 1978). 

RESULTS AND DISCUSSION 

Recaptures of marked CPB declined throughout the study (Fig. 2). The greatest decline 
occurred 24 h post-release when 32% (479) of released beetles were recaptured. 
Post-release recaptures remained stable from days 1 through 8 after which CPB numbers 
steadily declined. The reduction in adult density appeared to be primarily due to 
emigration as few dead or moribund beetles were recovered (but see Young 1984) 
although some beetles may have entered diapause in the soil and would not have been 
counted. 

Host plant conditioning (Le., host preference induced by previous feeding experience) 
or hunger could influence insect dispersal and may have contributed to the large reduction 
in CPB numbers that occurred 24 h after release, but this seems unlikely. Beetles fed 
readily upon eggplant foliage prior to release and, altpough studies have shown that host 
plant switches may affect fecundity (Hsiao 1978, Brown et al. 1980), conditioning 
probably does not influence host plant preference in adult CPB (see Hsiao 1978). 
Moreover, adult CPB frequently colonize eggplant crops after potato crop senescence in 
New Jersey (May and Ahmad 1983 and pers. obs.), thus shifts between potato and 
eggplant hosts occur naturally. Initial dispersal may have been in response to handling 
(agitation dispersal [Aikman and Hewitt 1972]) or to high beetle density at release 
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Fig. 2. Numbers of marked CPB recaptured per sampling day during the study. 

(over-crowding dispersal [Aikman and Hewitt 1972]). I released beetles under cool 
ambient temperatures (intense insolation and (or) temperatures above 25°C may stimulate 
CPB dispersal flights [Johnson 1969]) and minimized handling, but some disturbance to 
beetles was unavoidable. Beetle density near the release point was high a few hours after 
release; a cursory examination of plants closest to the release point revealed densities of 
50 to over 100 beetles per plant. Numerous CPB dispersal flights were observed from 
approximately noon to mid-afternoon on the day of release, and these may have been 
ultimately stimulated by high beetle density. Few dispersal flights were noted during the 
remainder of the study when beetle populations were lower and non aggregated (Figs. 
2-10, Table 1). Response to high population density may explain in part observations of 
beetles dispersing from abundant food (e.g., May and Ahmad 1983), particularly since 
CPB populations in agricultural crops often occur in high density patches (Harcourt 1963, 
Lashomb and Ng 1984). 

Dispersal of remaining CPB through the field was gradual. Beetle numbers declined 
with distance from the release point during the first three days of the study and increased 
with distance thereafter (Figs. 3-10). The relationship of beetle numbers to distance from 
the release point was not significantly linear for the first 4 days after release indicating that 
movement away from the field center did not occur at a steady rate (quintic polynomial 
regressions best fit the data for these days but such higher order statistical models are 
difficult to interpret biologically). Moreover, population distributions were leptokurtic for 
most of the study, suggesting that vagility varied among beetles in the population (Karieva 
1983). 

Beetles were highly aggregated for 3-4 days after release but were well dispersed for 
the remainder of the study (Figs. 3-10; Table I). Beetle density was particularly high near 
the release point at 24 and 48 h post-release; 88 and 85% of beetle recaptures occurred 
within 5.5 m of release on these respective dates. Dispersal of aggregated beetles may 
have been stimulated by resource depletion; the majority of plants near the release point 
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Table 1. Dispersion and directional preferences of released CPB during the study. Mean preferred 
direction was determined by Rayleigh's test. Dispersion was described by Green's coefficient of 
dispersion (G.c.). 

Days post-release G.C. value Mean preferred direction" 

1 
2 
3 
4 
8 

13 
18 
20 

0.0958 
0.0387 
0.0131 
0.0058 
0.0018 
0.0017 
0.0014 
0.0014 

72.4ob 

70.20 b 

77.50b 

75.80b 

73.90b 

75.4° 
62.00b 
34.4ob 

'Clockwise from north. 

bSignificantly nonrandom, P < 0.05. 


were extensively defoliated after 48 h, requiring beetles to move farther into the field to 
obtain food. Gradual dispersal and high host plant tenure time (Bach 1982) were probably 
important adaptations for exploiting patchy host plant resources before potato and other 
solanaceous crops were introduced into the range of the CPB. These two attributes, in 
addition to host plant adaptability (Jacobson and Hsiao 1983) and a high reproductive 
capacity, have also made the CPB a major crop pest. 

Directional statistics show that population movements were significantly nonrandom 
for the majority of the study (Table I). Beetles oriented predominantly east-northeast. The 
reasons for this directional preference are unknown. A wooded corridor bordered the field 
in that compass direction (Fig. I) and may have influenced orientation by providing a 
visual cue (May and Ahmad 1983) and (or) by altering wind turbulence (Forman and 
Baudry 1984) which can modify beetle anemotaxis (Visser 1976). Wind direction during 
the study was variable but strong winds from the northeast were prevalent on the day of 
release. Plant nutritional quality often varies in an agricultural field and may affect the 
distribution of insect herbivores (see Mattson 1980), however, variable plant nitrogen 
does not significantly influence CPB abundance in potato crops (Jansson and Smilowitz 
1985). Ng and Lashomb (1983) have demonstrated that the CPB exhibits a fixed 
northwest orientational tendency in unfamiliar habitats which, they hypothesized, 
increases the probability that dispersing beetles will encounter suitable new habitat. The 
results of this study indicate that orientational preferences also occur within host plant 
patches, although the factors that influence orientation and the significance of orienta
tional preferences in host plant patches are not readily apparent. 
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ECTOPARASITES AND OTHER ARTHROPOD ASSOCIATES OF 

THE HAIRY-TAILED MOLE, PARASCALOPS BREWERI 


John O. Whitaker, Jr. 1 and Thomas W. French2 

ABSTRACT 

A total of 33 taxa of ectoparasites and other associates was taken on seven individuals 
of the Hairy-tailed Mole, Parascalops breweri, from New York and New England. The 
most abundant form was the glycyphagid mite, Labidophorus nearcticus. 

There are relatively few records of parasites, especially smaller mites, of the 
hairy-tailed mole, Parascalops breweri (Bachman). The summary of information on 
mites from this species by Whitaker and Wilson (1974) included only three species: a 
glycyphagid, Labidophorus nearcticus Fain and Whitaker (Labidophorus talpae as 
reported by Fain and Whitaker [1973]), and two laelapids, Haemogamasus liponyssoides 
Ewing reported by Keegan (1951) and Echinonyssus blarinae (Herrin) reported by Herrin 
(1970). Yates et al. (1979) examined ectoparasites from 23 hairy-tailed moles. These 
harbored a louse, Haematopinoides squamosus (Osborn), a flea, Ctenophthalmus 
pseudagyrtes Baker, a beetle, Leptinus testaceus Mueller, and two laelapid mites, 
Andro/aelaps jahrenholzt (Berlese) and Haemogamasus reidi Ewing. Pygmephorus 
whitakeri Mahunka (Pygmephoridae) was reported from this host by Smiley and Whitaker 
(1979) and Pygmephorus proctorae Smiley and Whitaker was described from this host by 
Smiley and Whitaker (1984). Thus only 10 species of ectoparasites and other associates 
were previously known from this host. 

We have examined seven hairy-tailed moles, four from the vicinity of Ithaca, Tompkins 
County, New York (taken 21 Sept.-8 Nov. 1980); one from DeBruce, Mongaup Creek, 
Ulster County, New York (11 Oct. 1981); one from Grafton County, New Hampshire 1.5 
mi upstream from the Barnet Bridge of the Connecticut River (30 Aug. 1983); and one 
from Whitingham, Windham County, Vermont (4 Oct. 1983). The purpose of this paper 
is to present the results of this examination. Even though the host sample is small, the 
results are of interest, as we have identified from these moles 33 taxa of ectoparasites and 
other associates including at least 16 taxa of pygmephorids. Little is known of the biology 
and host relationships of pygmephorids. Only phoretomorphic females of Pygmephorus 
are found on mammalian hosts; these show little host specificity and are found most 
commonly on burrowers. Voucher specimens of many of the species are being deposited 
in the U.S. National Museum. 

MATERIALS AND METHODS 

Moles were collected in snap traps and immediately placed in plastic bags upon 
recovery. They were examined by manipulating their fur with dissecting needles while 

IDepartment of Life Sciences, Indiana State University, Terre Haute, IN 47809. 
2Nongame and Endangered Species Program, Division of Fisheries and Wildlife, 100 Cam

bridge Street, Boston, MA 02202. 
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Table I. Ectoparasites and other associates of seven hairy-tailed moles from New York and New 
England. 

Number Frequency 

n x n % Localities 

Anoplura 
Hoplopleuridae 

Haematopinoides squamosus 3 0.43 14.3 NY 
Siphonaptera 

Hystrichopsyllidae 
Ctenophthalmus pseudagyrtes 10 1.43 5 71.4 NY,NH 

**Doratopsylla blariJUJ.e C. Fox I 0.14 I 14.3 NY 
**Hystrichopsylla tahavuana 3 0.43 2 28.6 NY 
**Nearctopsyllu genalis (Baker) 2 0.29 2 28.6 NH 
Ceratophyllidae 
**Megabothris asio (Baker) 0.14 14.3 NH 

Acari 
Histiostomatidae 3 0.43 14.3 NY 
Ascidae 

Proctolaelaps sp. 6 0.86 4 57.1 NY,NH 
010gamasidae 

Cyrtolaelaps sp. 4 0.57 3 42.9 NY 
Euryparasilus sp. 2 0.29 2 28.6 NY 

Glycyphagidae 
Labidophorus nearcticus 276 39.43 5 71.4 NY, *NH, *VT 

Laelapidae 
Echinonyssus blarinae 3 0.43 2 28.6 NY 
Haemogamasus /iponyssoides 4 0.57 14.3 *NH 

**Hypoaspis miles 1 0.14 14.3 *NH 
**Laelaps alaskensis 0.14 14.3 *NH 
Pygmephoridae
**Bakerdania plurisetosa 104 14.9 3 42.9 *NY, *VT 

Bakerdania sp. 34 4.86 3 42.9 NY, VT 
**Pygmephorus brevicaudae 1 0.14 1 14.3 *NY 

Smiley and Whitaker 
**P. designatus Mahunka 1 0.14 I 14.3 *NY 
**P. hamiltoni Smiley and Whitaker 4 0.57 3 42.9 *NY 
**P. hastalus Mahunka 6 0.86 3 42.9 *NY 
**P. horridus Mahunka 1 0.14 I 14.3 *NY 

P. proclorae 28 4.00 4 57.1 NY, *NH 
**P. johnstoni Smiley and Whitaker 2 0.29 1 14.3 *NY, *VT 
**P. lutterloughae Smiley and Whitaker 2 0.29 14.3 *NY 
**P. rackae Smiley and Whitaker I 0.14 14.3 *NY 
**P. spinosus Kramer I 0.14 14.3 *NY 
**P. lamiasi Mahunka 2 0.29 1 14.3 *NY, *NH. *VT 
**P. whartoni Smiley and Whitaker 0.14 I 14.3 *-NY 

P. whitaker! 62 8.86 7 100.0 *NY, *NH, *VT 
**P. wrenschae Smiley and Whitaker I 0.14 1 14.3 *NY 

Pygmephorus sp. I 0.14 1 14.3* NY 
Trombiculidae 

Neotrombicula microti (Ewing) 5 0.71 14.3 VT 

*New state records 
**New host records 
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using a binocular microscope. Parasites were preserved in 70% alcohol, cleared and 
stained in Nesbitt's solution, mounted in Hoyer's solution, and the cover slips ringed with 
Euparal. 

RESULTS AND DISCUSSION 

The results are given in Table I. A total of 33 taxa of ectoparasites and associates was 
taken from the seven moles, with the mites, Labidophorus nearcticus, Bakerdan!a spp. 
including B. plurisetosa Mahunka, Pygmephorus whitaker!, and P. proctorae being the 
most abundant. Pygmephorids, although not parasitic, were abundant, with a total of 252 
individuals. Several species of pygmephorids were often taken on a single mole. This is 
many more species, 16, than has previously been taken on anyone species of host. Four 
species of laelapid mites were reported earlier, and four were reported during this study, 
with Laelaps alaskensis Grant and Hypoaspis miles (Berlese) being new parasites from 
this host. However, only one individual of each was taken and both must be considered 
as accidentals. 

Three individuals of the louse Haematopinoides squamosus were found. This species is 
rather uncommon occurring only on moles. Only one species of flea had been previously 
reported on this host, but we took five, including three individuals of the relatively idre 
species, Hystrichopsylla tahavuana Jordan. 

New state and new host records are indicated by one or two asterisks, respectively, in 
Table I. 
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ECTOPARASITES AND OTHER ARTHROPOD ASSOCIATES OF 
SOME VOLES AND SHREWS FROM THE CATSKILL MOUNTAINS 

OF NEW YORK 

John O. Whitaker, Jr. l and Thomas W. French2 

ABSTRACT 

Reported here from the Catskill Mountains of New York are 30 ectoparasites and other 
associates from 39 smoky shrews, Sorex !umeus, J7 from 11 masked shrews, Sorex 
cinereus, II from eight long-tailed shrews, Sorex dispar, and 31 from 44 rock voles, 
Microtus chrotorrhinus. 

There is relatively little information on ectoparasites of the long-tailed shrew, Sorex 
dispar, and the rock vole, Microtus chrotorrhinus (Whitaker and Wilson 1974). Recently 
we were able to collect samples of both of these species along with smoky shrews, Sorex 
jUmeus, and masked shrews, S. cinereus, in the Catskill Mountains of New York. 

OConnor (1985) examined ectoparasites of eight long-tailed shrews from Tennessee 
and found chiggers (Farreloides jamesoni (Brennan), Neotrombicula cavicola Ewing), 
laelapid mites (Laelaps alaskensis Grant), myobiid mites (Amorphacarus cf. hengerero
rum Jameson), glycyphagid mites (Glycyphagus sp. nr hypudaei (Koch), and Oryctero
xenus sp.), a pygmephorid mite (Bakerdania plurisetosa Mahunka), and a tick (Ixodes 
angustus Neumann). 

Other than for data presented by Whitaker and French (1982) on 17 rock voles from 
New Brunswick, there is relatively little published information on ectoparasites of this 
species except for laelapid mites and fleas. These latter authors reported five species of 
fleas, one tick, 23 mites (most identificd to species), and four chiggers. Fleas reported 
from rock voles other than from New Brunswick are Atyphloceras bishopi Jordan, 
Catallagia borealis Ewing, Ctenophthalmus pseudagyrtes Baker, Epitedia w. wenmanni 
(Rothschild), Megabothris asio asio (Baker), M. quirini (Rothschild), Orchopeas 
leucopus (Baker), and Peromyscopsylla catatina (Jordan) (see Martin 1972; Timm 1974, 
1975; Timm et aI. 1977). The tick, Ixodes angustus, was reported by Timm (1974, 1975). 
Mites reported were three laeiapids, Laelaps alaskensis, L. microti Ewing, and Haemo
gamasus ambulans (Thorell) (Martin 1972; Timm 1974, 1975; Timm et aI. 1977) and two 
trombiculids (chiggers) (Timm et al. 1977). 

The purpose of this paper is to describe and compare the ectoparasite communities of 
Sorex dispar, S. jUmeus, S. cinereus, and Microtus chrotorrhinus from the Catskill 
Mountains of New York. 

MATERIALS AND METHODS 

Mammals were collected in the Catskill Mountains in Green, Schoharie, Sullivan, and 
Ulster counties, New York, during September and October 1981 (French and Crowell, in 

IDepartment of Life Sciences, Indiana State University, Terre Haute, IN 47809. 
2Massaehusetts Division of Fisheries and Wildlife, 100 Cambridge Street, Boston, MA 02202. 
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press). Specimens were captured in standard snap-back mouse traps and in #10 cans set 
as pitfalls and filled to approximately 10 cm with water. Trap lines were set along 
relatively high elevation streambanks, on major talus slopes with open canopies, and on 
rocky hillsides in deep woods. Specimens were taken at elevations between 488-1250 m .. 
Traps were checked each morning and specimens were placed in individual plastic bags 
until they were examined for parasites later in the day. Ectoparasites were collected by 
examining the fur with a dissecting microscope while manipulating it with dissecting 
needles. Parasites were counted or their numbers estimated if too large to count, and 
samples were preserved in alcohol. They were then cleared and stained for about five days 
in Nesbitt's Solution, mounted in Hoyer's Solution, and the cover slips ringed with 
Euparal. 

Voucher specimens will be deposited in the U.S. National Museum and in the 
acarological collection of the Biosystematics Research Institute, Agriculture Canada, 
Ottawa, Ontario. 

RESULTS 

Eight long-tailed shrews, II masked shrews, 39 smoky shrews, and 44 rock voles were 
examined for ectoparasites and other arthropod associates. Taxa collected are reportcd in 
Tables 1 and 2. 

In addition, one southern bog lemming, Synaptomys cooperi, from Slide Mountain, 
Ulster County, was included from which the following ectoparasites were collected. 
SIPHONAPTERA: Peromyscopsylla catatina (1). ACARINA, Laelapidae: Laelaps 
alaskensis (58); Trombiculidae: Neotrombicula microti (Ewing) (15, from ears); and 
Listrophoridae: Listrophorus mexicanus squamosus Fain and Hyland (2). 

From two meadow voles, Microtus pennsylvanicus, from high elevation forests the 
following species were taken. SIPHONAPTERA: Atyphloceras bishopi Jordan (1), 
Catallagia borealis (1), Peromyscopsylla catatina (1). ANOPLURA: Hoplopleura 
acanthopus (Burmeister) (1). ACARINA, Glycyphagidae: Glycyphagus hypudaei Koch 
(20); Laelapidae: Androlaelaps Jahrenholzi (Berlese) (4), Laelaps microti (5); Trombicu
lidae: Euschoengastia ohioensis Farrell (7), E. peromysci (Ewing) (106), E. setosa 
(Ewing) (75), Neotrombicula microti (Ewing) (2); and Ascidae: Proctolaelaps sp. (3). 

One woodland vole from Balsam Mountain, Ulster County, yielded the following. 
SIPHONAPTERA: Ctenophthalmus pseudagyrtes (2), Peromyscopsylla catatina (3). 
ACARINA, Laelapidae: Laelaps alaskensis (8), L. microti (6); Listrophoridae: Listro
phorus pitymys Fain and Hyland (15); Myocoptidae: Myocoptes japonensis Radford (1); 
Pygmephoridae: Bakerdania sp. (I); Trombiculidae: Euschoengastia ohioensis (3), E. 
peromysci (21), E. setosa (6), Neotrombicula harperi (Ewing) (3), and N. microti (17). 

Masked Shrew, Sorex cinereus 

Only 11 masked shrews were taken (Table 1). The most abundant forms found were the 
mites Orycteroxenus soricis (Oudemans), Bakerdania plurisetosa (Pygmephoridae), 
Cyrtolaelaps sp., an histiostomatid sp., Amorphacarus hengererorum and the flea 
Nearctopsylla genalis (Baker). 

Results from Sorex dispar from New York and Tennessee, and from S. gaspensis from 
New Brunswick were quite dissimilar. Orycteroxenus sarieis and A. hengererorum 
occurred in all samples. The chigger, Farreloides jamesoni, occurred in both S. dispar 
samples, but Miyatrombicula esoensis was the chigger on S. gaspensis from New 
Brunswick (it was the common chigger on all hosts at that locality). Ixodes angustus and 
Bakerdania plurisetosa occurred on S. dispar from Tennessee, whereas the tick, I. 
angustus, and Pygmephorus horridus Mahunka occurred on Sorex dispar from New York 
and on S. gaspensis. Six of the more abundant taxa were found on only one of the three 
populations. 
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Table 1. Ectoparasites and other arthropod associates of three species of shrews, Sorex jumeus, S. 
cinereus, and S. dispar, from the Catskill Mountains of New York. 

Smoky shrew Masked shrew Long-tailed shrew 
n 39 n = lL n - 8 

No. No. No. No. No. No. 
parasites hosts parasites hosts parasites hosts 

SIPHONAPTERA 
Nearctopsylla gefUllis 11 10 
Ctenophthalmus pseudagyrtes Baker 3 3 
Doratopsylla blarinae C. Fox 2 2 
Peromyscopsylla hesperomys (Baker) 1 I 

ANOPLURA 
Hoplopleura hesperomydis 1* 1* 

COLEOPTERA 
Leptinus americafUl (LeConte) 

MITES 
HISTIOSTOMATIDAE 

Histiostomatid sp. 15 5 4 2 
ASCIDAE 

Proctolaelaps sp. 5 5 1* 1* 
OLOGAMASIDAE 

Cyrtolaelaps sp. 29 13 6 3 1* 1* 
EUlyparasitus sp. 2 2 

GLYCYPHAGIDAE 
Glycyphagus hypudaei 2 1 J I 

*Orycteroxenus soricis 188 15 2526 6 361* 7* 
*Xenoryctes latiporus Fain and Whitaker I 1 
*Xenoryctes nudus Fain and Whitaker 

LAELAPIDAE 
Androlaelaps Jahrenholzi (Berlese) 3 3 
Haemogamasus ambulans (Thorell) 4 4 
Haemogamasus liponyssoides Ewing I I 2 2 
Myonyssus jameson; Ewing and Baker 1 1 

MYOBIIDAE 
Amorphacarus hengererorum 13 4 4 2 14* 2* 
Protomyobia breviselosa Jameson 8 5 

PARASITIDAE 
Pergamasus sp. 2 2 

PYGMEPHORIDAE 
Bakerdania plurisetosa 138 16 19 5 4 2 
Bakerdania sp. 8 6 1 I 2 2 
Pygmephorus brevicaudae 1** I 

Smiley and Whitaker 
Pygmephorus hastatus Mahunka 1** 
Pygmephorus horridus 2** 2 

*Pygmephorus moreohorridus Mahunka 2 
*Pygmephorus nidicolus Mahunka 1** 

Pygmephorus whitakeri 37 16 1** 
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Table 1. (continued) 

Smoky shrew 
n 39 

Masked shrew 
n= 11 

Long-tailed shrew 
n = 8 

No. 
Parasites 

No. 
hosts 

No. 
parasites 

No. 
hosts 

No. 
parasites 

No. 
hosts 

TROMBICULIDAE 
Euschoengastia blarinae (Ewing) 
Euschoengastia peromysci (Ewing) 
Farreloides jameson; 
Neotrombicula harperi 
Neolrombicula microti 

IXODIDAE 
Ixodes anguslus 

2 2 
1 1 

12 3 3 
I 
I 

3 3 

Long-tailed Shrew, Sorex dis par 

Only eight individuals of this shrew were examined for ectoparasites. Although we took 
11 species from Sorex dis par from the Catskills, only two, Orycteroxenus sorieis (x 
45.1) and Amorphacarus hengererorum (x 1. 75) were very abundant. On Sorex 
gaspensis from New Brunswick, Whitaker and French (1982) took members of 15 taxa, 
of which the most abundant were Orycteroxenus sorieis, Miyatrombicula esoensis Sasa 
and Ogata, Ixodes angustus, Pygmephorus horridus. and Cyrtolaelaps sp. However, 
small numbers of A. hengererorum were also taken. 

Smoky Shrew, Sorex fumeus 

Thirty taxa of ectoparasites and other associates were taken from 39 smoky shrews from 
the Catskills. The most abundant associates of Sorex fumeus from the Catskills were 
Orycteroxenus soricis, Bakerdania plurisetosa. Pygmephorus whitakeri Mahunka, Cyr
tolaelaps sp., and histiostomatids. 

Rock Vole, Microtus chrotorrhinus 

Thirty-one taxa were taken from 44 specimens of this species from the Catskill 
Mountains (Table 2), including six species of fleas, one louse, one tick, and five species 
of chiggers, along with other mites from several families. 

DISCUSSION 

Records of mites not previously taken from New York are indicated in Tables 1 and 2 
by an asterisk before the species name. New host records are indicated by two asterisks 
in the number of parasites column. 

A new mite parasite record for M. chrotorrhinus is Myocoptes musculinus (Koch), but 
only one individual was taken and it could have been a contaminant from Peromyscus. All 
of the fleas, the tick, and, among the chiggers, Neotrombicula harperi (Ewing) and N. 
microti have been previously reported. We are not aware of previous records of 
Euschoengastia setosa. E. ohioensis or E. peromysci from this host. One individual of 
Hoplopleura acanthopus was found. It is the first record of a louse on this host, but it is 
a Peromyscus louse and is undoubtedly accidental, as is Hoplopleura hesperomydis 
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Table 2. Ectoparasites and other arthropod associates of 44 Rock Voles from the Catskill Mountains 
of New York. 

No. No. 
parasites hosts 

SIPHONAPTERA 
Peromyscopsylla catatina 

Catallagia borealis 

Ctenophthalmus pseudagyrtes 

Megabothris quirini 

Atyphloceras bishopi 

Epitedia wenmanni 


ANOPLURA 
Hoplopleum acanthopus 

ACARINA 
ASCIDAE 

Proctolaelaps sp. 
OLOGAMASIDAE 

Cyrtolaelaps sp. 
Euryparasitus sp. 

GLYCYPHAGIDAE 
Glycyphagus hypudaei (complex) 
Xenoryctes latiporus 

P ARASITIDAE 
Pergamasus sp. 

LAELAPIDAE 
Androlaelaps fahrenholzi 
Echinonyssus isabellinus (Oudemans) 
Eulaelaps stabularis (Koch) 
Haemogamasus ambulans 
Haemogamasus liponyssoides 
Laelaps alaskensis 
Laelaps kochi Oudemans 

LISTROPHORIDAE 
Listrophorus mexicanus squamiferus 

Fain and Hyland 
MYOBIIDAE 

Radfordia hylandi Fain and Lukoschus 
MYOCOPTIDAE 

Myocoptes japonensis 

*Myocoptes musculinus 


PYGMEPHORlDAE 
Bakerdania plurisetosus 

TROMBICULIDAE 
*Euschoengastia ohioensis 

*Euschoengastia peromysci 

*Euschoengastia serosa 


Neotrombicula harperi 

Neotrombicula microt! 


IXODIDAE 
Ixodes angustus 

32 13 

24 II 

17 10 

17 10 

II 6 

2 2 


II 10 

4 2 


1878 33 

1 


2 2 


82 22 

4 2 

I 7 


26 19 

3 3 


385 23 

596 40 


12817 33 


97 II 

1** I 


4 3 


329 13 

249 19 

525 27 


38 3 

1512 40 


4 4 
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(Osborn) on Sorex dispar from the Catskills. This parasite is host specific to mice of the 
genus Peromyscus, and may have come from a deennouse that was scavenged by a shrew 
in the same trap line about 50 ft (IS m) from where the shrew was trapped. 

The fleas taken during this work were particularly interesting. Benton (1980) indicated 
Microtus pennsylvanicus is probably a true host for Atyphloceras bishop;, and that other 
voles may be also. Microtus chrotorrhinus would appear to be a true host for this species 
and for Catallagia borealis, as indicated by the present study. Benton listed M. 
chrotorrhinus as a true host for Peromyscopsylla catarina and Megabothris quirini. 
Benton listed Nearctopsylla genalis, Atyphloceras bishopi, and Catallagia borealis as 
winter fleas, but our collection was made in summer and fall (through October). 

In Tennessee, OConnor (1985) reported one individual each of two species of Microtus 
parasites, Laelaps alaskensis and Listrophorus mexicanus, also indicating the possibility 
of scavenging by these shrews. The most abundant fonus among eight species taken from 
this host in Tennessee (OConnor 1985) were Farrelioides jamesoni (9), GlyC)phagus sp. 
nr. hypudaei (7), Amorphacarus hengererorum (7), and Orycteroxenus sp. nr. soricis (4 
taken, it = 0.5). 
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