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POSSIBLE COLONIZATION STRATEGIES OF SOME
CARABID BEETLES INHABITING STREAM SHORES
(COLEOPTERA: CARABIDAE)
Paul M. Holeski 1
ABSTRACT
Certain species of insects appear to be better adapted by virtue of their particular
strategy to survive disruption of the habitat than do others sharing the same area.
Bembidion impotens, a carabid beetle, was especially successful in rapidly recolonizing a
defaunated stream shore and in maintaining a relatively high population when the habitat
was subjected to normal but severe disruption.

In order to be successful, organisms that inhabit areas subject to disruption must either
ha\'e the ability. once favorable conditions are restored, to repopulate the area quickly by
invasion from an undisturbed area, or enough members of a popUlation must be able to
sUf\'ive the disrurbance to repopulate it when normal conditions return. The first of these
strategies could be considered to be r-selected. The r-selected species are those which
invade and populate ecological "islands" and they have been variously called "fugitive"
tHutchinson 1951l. "opportunistic" (MacArthur 1960), "colonizing" (Lewontin 1965),
and .. tramps" !Diamond 1975). Species using this strategy are considered by various
authors to possess. among other characteristics, high reproductive capacity (Force 1974)
and poor competitive ability, and to live in areas with unstable climate (Pianka 1970).
Barbosa (1977) provides a good review of the characteristics of this strategy as well as
those of the contrasting K-strategy, exemplified by species living in habitats of stable,
benign eonditions.
Greenslade (971) introduced the concept of a "beyond K" strategy existing in
environments whieh. like the Hr" environments, had rather severe limiting factors. but,
unlike the "r" environments, were highly stable and somewhat predictable. The stability
permits species to become closely adapted to the habitat like those of a "K" environment,
while the severity of the limiting factors prevents other species from becoming estab
lished. In addition, the specialized adaptations evolved by the beyond K-strategists,
required to overcome the severity of the environment, also enable them to successfully
outcompete most potential invaders (Matthews 1976). The beyond K-strategy is reported
to be evident in species inhabiting caves, mountain streams, intertidal zones, and others
(~farthews 1976).
. In reality there are probably no absolute criteria by which an organism can be
designated as a particular strategist. Pianka (1970) emphasized the relative nature of the
selection strategies and stated that, rather than absolutes, there is an r to K continuum with
particular organisms occupying positions along it. He did, however, list some general
characteristics of organisms possessing the strategies and characterized some groups as
being primarily one or the other. For example, terrestrial vertebrates were described as K
selected, while insects were described as being r-selected. Theoretical discussions of
colonization models and species-equilibrium models may be found in MacArthur and
Wilson (1967), Pianka (1976), and Stubbs (1977), among many others.

'Rio Grande College, Rio Grande, OH 45675.
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Organisms that occupy thc narrow zone of stream shore between permanent vegetation
and the water of the stream must contend with periodic disturbances in the form of, among
others, flooding and drought These disturbances may have some pattern of regularity,
such as spring floods and late summer drought as would occur in many temperate zone
streams, but may also be irregular, such as the results of heavy rainfall or lack of rainfall
when seasonal conditions are normally otherwise. The unusual conditions may bc
widespread, affecting many streams in the area, or may be restricted due to localized
storms, or, for example, conditions below dams or other water control facilities.
This paper briefly considers one aspcct of the community of beetles that occurs on the
stream shore, the colonization by the insects of a defaunated shore. Because the shorc is
bordered on one side by an aquatic habitat and on the other by a much different terrestrial
habitat, it can be considered to be an "island" between the two, albeit an extended one.
Community, in this instance, follows the definition of Force (1974) as an aggregate of
species living together. On the specific shores discussed in this report, the community
consisted of numerous individuals of three families of beetles: Carabidae, Staphylinidae,
and Heteroceridae, Other insect groups, principally Diptera and Hemiptera, as well as
other invertebrates also inhabited this environment, but made up only a small portion of
the immediate invertebrate biomass and are not included in this report.
METHODS
The study area was a stream in northwest Ohio, the Middle Branch of the Little
Auglaize River, also called Middle Creek. The actual study site was located approximately
3 km northeast from the confluence of Middle Creek and the main channel of the Little
Auglaize River. Two other streams, also tributaries of the Little Auglaize River, were
located within 5 km of the site.
During 1972 Middle Creek underwent a major channelization. In this process, the
banks were cleared of vegetation, the channel cut deeper and to uniform widths (18 m
wide at the study site), and the sharp curves were eliminated by modifying the old channel.
In some places such as the study site, a completely new channel was constructed. Because
in this modification project, construction was taking place at approximately the same time
over several kilometers of the stream, either the entire stream shore essentially was being
defaunated or the shore was being newly created.
Samples of the adult fauna were collected by taking all those individuals on the surface
or that could be forced to the surface by heavy splashing within two 0.092 m2 (1 f(2) areas
selected at random along a limited area of shore. An initial sampling was made in late May
1972, immediately before excavation activity began. Due to the construction work in
progress no further samples were taken at the site until September, two weeks after
excavation was completed, Cold temperatures curtailed insect activity and no additional
samples were taken in 1972. Sampling resumed the next spring and was conducted at
approximately two-week intervals throughout the 1973 season of activity and again in
1974. Five additional sites, four on the streams closest to the channelized study site and
the other on an unchannelized portion of Middle Creek, approximately 9.5 km upstream
from the study site, were also sampled. Samples were taken at these sites on the same day,
or within a day or two of the sample taken at the channelized site, Collecting hours were
staggered so that each site was sampled at several times during the diurnal period
throughtout the season.
After sorting and determination, quantitative diversity analyses using the Margalef
(1951) and Shannon-Weaver (1963) formulas were performed on the data. In addition,
because quantitative analyses can provide information measurements of the numbers of
taxa and the relationships of these numbers in a given area, but do not provide any
information about the similarities of the taxa themselves, a coefficient of similarity (C.S.)
analysis based on Estabrook (1973) was used as a measure of the qualitative relationships
among the species and individuals making up the community.
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RESULTS AND DISCUSSION
The 30 May 1972, pre-channelization sample at the primary Middle Creek site resulted
in the capture of 13 individuals in seven species. The 30 September 1972, post
channelization sample at the same site produced 16 individuals in seven species.
Indiyiduals of one species, Tachys vivax LeConte (Coleoptera: Carabidae) were present at
the site 00th pre- and post-channelization. The other six species present in the sample
before construction were replaced by six different species in the post-channelization
sample. In this latter sample, eight of the 16 individuals were Bembidion impotens Casey
(Coleoptera: Carabidae). All other species wcre represented by one or two individuals. No
species of the family Heteroceridae were represented in the post-channelization collection,
although two species were present in the early season collection before channelization.
Eight collections from the channelized site were made at approximately two week
intervals throughout 1973, from 13 July on. Attempts to sample earlier were prevented by
flood v.-aters which inundated the shore area continuously from April through early July. A
total of 169 individuals belonging to 17 species was collected in these samples. Seventy
six individuals (-t5~) were B. impotens. Other species were represented by from I to 20
individuals. The greatest number of species taken in anyone collection during the season
was I 1. Although some of the species were present in most of the samples taken
throughout the season, there was considerable disappearance and replacement of species.
Eight collections at this site were also made from 27 April through 31 October 1974.
During this year 121 individuals of 19 species were collected. Again the most abundant
species v.as B. impotens, represented by 37 individuals (31 %). One other species, as yet
undescribed. was present in large numbers (24), while all other species were represented
bv from 1 to 15 individuals .
. In the ~facArthur- Wilson model there is a continuous process of extinction and invasion
of species in the ecological islands; species diversity at any point is a balance between
these forces of invasion and extinction, and represents a state of flux rather than a
continuity. On the stream shores described in this report it was observed that individuals of
a particular species could appear, disappear, and sometimes reappear from sample to
sample. This phenomenon was produced, in part, it is believed, by an actual colonization
and replacement of species at the channelized site. The theoretical values of the particular
C.S. index used could range from 0 (no species shared) to 1.0 (all species shared and
number of indh'iduals in each species approximately equal). In this study, because of the
low number of species and individuals involved, it was necessary to pool the samples.
This v.as accomplished by subdividing each season into three periods: April-June,
July-August. and September-October. In addition, all of the individuals collected at a
site in one season v.\ere pooled and compared with each of the pools of the other two yearly
total collections. The results of the quantitative analysis are shown in Table 1, while the
results of the qualitative analysis are shown in Tables 2 - 3.
Sample data at the end of the second year showed that the species numbers remained
nearly the same. but there had been a high rate of species turnover resulting in a very
different species composition from that of the first year. Only 35-52% of the total species
were common to the censuses of the first and second year.
It would be difficult to construct a species colonization curve for this present report, at
least for the immediate period following stream channelization due to the termination of
construction close to the end of the season of activity of the insects. Nonetheless, it can be
seen that the turnover of species following channelization of the test site existed to a
greater extent than at the other nearby control sites. This is especially evident in the first
full season (1973) following ehannelization. As shown in Table 2, the C.S. index value of
species and numbers of individuals for the three base periods throughout the season of
activity ""as only 0.259 at the channelized site, while at all but one of the other sites,
values ranged from 0.546 to 0.747. However, by the next season the community at the
Middle Creek channelized site appeared to have stabilized and a high C.S. value (0.793)
v.as obtained.

THE GREAT LAKES ENTOMOLOGIST

4

Vol. 17, No. I

Table I. Summary of quantitative diversity index values.
Middle
Creek'

Little
Auglaize
River

West
Braneh

3.56'
2.23 d

5.96
2.85

4.80
2.61

3.12'
1.92d

3.80
1.98

4,42
2.15

3.75'
2.24d

5.37
2.45

4.77
2.30

Prairie
Creek

Middle
Creek b

Dog
Creek

4.65
2,49

5.58
2.82

5.63
2.84

5.15
2.34

4.20
2.17

5.18
2.23

4.45
2.10

5.22
2.47

4.84
2.39

1972

1973

1974

'Channelized
bUnchannelized

'Margalef (1951) index.
dShannon-Weaver (1963) index.

Table 2. Mean coefficient of similarity (Estabrook 1973) based on seasonal comparisons.
Each colleeting season was divided into three seasonal periods: April-June, July-August,
September-October; and the species composition of each of the periods compared for
similarity. The higher the value, the more similar the composition of species.
Sample station

1972

1973

1974

Middle Creek, channelized
Little Auglaize River
West Branch
Prairie Creek
Middle Creek. unchannelized
Dog Creek

0.264
0.684
0.747
0.236
0.638
0.644

0.259
0.747
0.661
0.178
0.724
0.546

0.793
0.678
0.713
0.793
0.603
0.649

Table 3. Coefficient of similarity (Estabrook 1973) for yearly data. Values were determined
by comparing the species composition at a sampling station each year with the species
composition at the same station each of the other two years.
Sample station
Middle Creek, channelized
Little Auglaize River
West Branch
Prairie Creek
Middle Creek, unchannelized
Dog Creek

1972. 1973

1972,1974

1973, 1974

Mean

0.724
0.569
0.552
0,483
0.603
0.586

0.672
0.709
0.534
0.638
0.621
0.517

0.690
0.552
0.534
0.672
0.655
0.586

0.695
0.609
0.540
0.598
0.626
0.563
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FROM WHERE DO THE COWNISTS COME?
A5 previously stated, the insect communities that exist on the shores of streams are
subject to periodic disruption. Unfortunately very little is known about the life cycles and
the reproductive strategies of the riparian species, but it is probable that some aspects of
both a beyond K and an r-strategy are involved in maintaining the community.
Most of the carabid beetles are believed to be spring breeders, that is, they overwinter as
adults and then reproduce from spring to early summer with a new generation appearing in
autumn. Lehmann (1965) found that carabid beetles were unable to survive the winter in
shore areas of the Rhine which were affected by winter floods. The adults must flyaway
before 'll.inter and return in the spring. Species which were autumn breeders, overwinter
ing as lar....a e. could not survive in the shore area. The results of several other studies also
supported this observation (Theile 1977). This would seem to indicate an r-strategy by
these species. 'll.ith the new generation bound to colonizing a new area each season. In
contrast. studies in northern Norway indicated that up to 25% of the species living on river
banks were those which were autumn breeders overwintering as larvae (Anderson 1968).
Anderson believed that both adults and larvae were capable of surviving the cold flood
\Vaters of the rather short duration spring floods of that area, the remaining 75% + being
spring breeders. Cnfortunately, the reproductive patterns of the Heteroceridae and the
Staphylinidae are even less well documented.
The spring floods characteristic of the streams of the area considered in this report are
usually of long duration, often several weeks, and usually inundate the area up to several
meters from the stream channel. To survive this long period of inundation, the insects
must either hibernate beyond the flooded area, which in most cases would place them in
cultivated fields which are plowed after harvest and after the insects would go into
hibernation. or they must hibernate on the stream shore and survive the long period of
inundation. The latter is probable. Palmen (1949) found that some species of adult carabid
beetles could sUI'\iye submerged for over a month in cold water, and it is likely that both
adult and immature stages could survive protected in hibernacula created in the fine
particle soil typical of shores in northwest Ohio for the duration of the spring flooding.
This would indicate a beyond K-strategy for these insects.
Many insects. including the shore-dwelling species, do have spring dispersal flights
after emerging from hibernation. Larochelle ( 1978) noted that a common riparian species,
Bembidion mimus Hayward, among many others, dispersed in eary spring in Quebec. It
seems likely that should the inhabitants of a particular shore area be decimated by spring
floods, migrants could repopulate the area.
Larochelle stated that the dispersal flights were restricted to the spring and were induced
by v.1IIlIling temperatures. This observation does not seem to be the case in the present
examination of the repopulation of the defaunated channelized stream shore. Many of the
species present in 1973 could have and probably did arrive during the spring of 1973, but
others arrived durinll the late summer of 1972, after channelization, and the turnover of
species during the -1973 season of activity indicated that species must have arrived
throughout the season. In this instance. as the original population had been destroyed, the
presence of additional or different species throughout the season would have to come from
new arrivals rather than from periodic emergences of adults all ready in the habitat. The
colonizers had to originate several kilometers upstream or from one of the nearby streams,
a minimum distance of over 1 lan. "'>nether flights throughout the season were random or
directed toward a habitat similar to the origin, and why they were made, is not known.
It does appear that one species in particular of those present was an excellent colonizer.
As noted in the results. Bembidion impotens was the most abundant species at the
channelized site in each of the three seasons of the study, declining in numbers each
season post-channelization. This species was also a common inhabitant, but not the most
abundant species, at any of the control sites except in 1973, a year when high flood waters
persisted at all sites until mid-July. During this season, B. impotens was the most abundant
species at three of the five control sites, but the number of individuals making up the
percentage of the total did not approach the 45% found at the test site (Fig. 1). That this
species \vaS most abundant at some of the control sites in a season characterized by
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Fig. 1. Percentage of individuals of Bembidion impotens in relation to the total number of individuals
of all species. " indicates that B. impotens was the most abundant species in number of individuals.

adverse conditions would seem to reinforce the opinion that it was an excellent colonizer.
As in the MacArthur-Wilson model it seems to follow an r-strategy of being able to invade
an area and build up a population, but as conditions stabilize and time progresses, it is
replaced in importance by other species.
After sudden disruptions during the season of activity, such as summer floods, it is
probably not necessary for colonizers to move into an area from other sources. Immatures
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could probably survive in their chambers, although for not as long a period as under colder
temperatures, at least the relatively short duration of these disruptions. Adults could
survive in the soil or by flying from the area or by climbing exposed vegetation and debris.
Many adult riparian species can take flight from water or are good swimmers, as noted by
Joy (1910). Thus, some of the original inhabitants could survive and repopulate the
disrupted area. In a previous paper, the term "perennial pioneers" was applied to the
community of riparian species because they are forced to recolonize their habitat
constantly (Holeski & Graves 1978). Although this would appear to involve a beyond K
strategy. the step to r-strategy of migrating to a new area of similar habitat, as in the case of
a channelized stream, would not be great.
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EFFECT OF A HAY MULCH AND OF A COMPANIONATE PLANTING
ON CABBAGE PEST POPULATIONS1
W. S. Cranshaw 2
ABSTRACT
Cabbage crop environments were modified by either use of a hay mulch or intercrop
ping with "companionate" plants (nasturtium, thyme, and rosemary). A temporary
reduction in egg and larval numbers of imported cabbageworm (Artogeia rapae L.)
occurred on mulched plots. This effect disappeared later in the season as the plants grew
large and coyered the mulch. On some interplanted plots, temporary increases in cabbage
looper (Trichoplusia ni Hubner) larvae and decreases in imported cabbageworm eggs were
noted. Hov.'Cver. on most dates, there was no effect of interplanting on pest populations.
The general lack of effects on cabbage insect pests due to these cultural changes indicates
that use of a mulch or interplanting cannot provide effective pest suppression under
Minnesota conditions.

Selecti\"e changes in the diversity of the agro-ecosystem is generally recognized as a
method to manage insect pests (Way 1966, van Emden and Williams 1974). Such changes
may act directly on the pest by reducing the attractiveness of the crop to colonization.
Indirect effects on pest populations can occur by modifying the environment so that the
activi ty of natural enemies of the pest are increased.
In Brassica crops, predator activity has been shown to increase with the provision of
shelter areas in the vicinity of the crop. Such shelter has been produced by planting the
crop near neighboring vegetation (Root 1973), allowing weed growth to increase within
the crop (Dempster 1969), and by undersowing a ground cover within the crop (Dempster
and Coaker 1975). Unfortunately, these methods are not compatible with commercial
operation because they either restrict the size of the planting or they compete with the crop
and reduce yield. However, use of an organic mulch might provide the necessary quality
of shelter v.ithin a planting, yet be feasibly employed in Brassica production. Such a
mulch might also affect the crop background which can affect colonization by some pests
(Smith 1969).
Reductions in Brassica pest populations are also purported from the pest-averting
qualities of various "companionate" plants. Presumably, the effect of such plants
employed about the crop is to either repel the pest from the crop or to concentrate the
feeding of the pest on the companionate plant. Among the plants reported to affect
populations of pest lepidopterans are nasturtium, Tropaelum minus L., thyme, Thymus
vulgaris L. and rosemary, Rosmarinus qfficinalis L. However, recent studies have shown
no protectiye effeets resulting from companionate plantings of thyme and nasturtium
(Dessell et al. 1975, Latheef and Irwin 1979) and trends of increasing pest problems with
companionate plantings were indicated by Latheef and Irwin (1979). Rosemary has not
pre\"iously been included in published companionate planting experiments. A study was
undertaken in 1981 to investigate the uses of a hay mulch and of some companionate
plants to favorably modify the crop environment for pest control of cabbage, Brassica
oleracea var. capitata L., under Minnesota conditions.

lJournal paper No. 13,626 of the Minnesota Agricultural Experiment Station.
'Department of Entomology, University of Minnesota, S1. Paul. Current address: Department of
Zoology and EntomOlogy, Colorado State University, Fort Collins. CO 80523.
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MATERIALS AND METHODS
Mulch planting. 'Late Flat Dutch' cabbage was transplanted 2 June to 90-cm rows
with a 60-cm in-row spacing at the Rosemount Agricultural Experiment Station, Dakota
County, Minnesota. Plots were 5-row, 7.3 m in length, arranged in a randomized complete
block design with four replications. On mulched plots, three bales of alfalfa hay/plot were
laid between plants 8 July. Remaining plots were not mulched and served as controls. Six
cabbage heads, two from each of the central three rows in a plot, were examined on four
dates at which time were counted all eggs and larvae of the imported cabbageworrn,
Artogeia rapae L., and larvae of cabbage looper, Trichoplusia ni (Hubner).
Companionate planting. Plots to investigate the effects of companionate plants each
consisted of three cabbage heads buffered with two untreated cabbage heads within a row
and by two buffer rows between treated rows. Companionate plants were planted 12 June
as seed (nasturtium) or as transplant seedlings (thyme, rosemary) at each corner of each
treated plant. This resulted in a planting density (90 em within row, 60 em across row)
similar to the close planting arrangement of Dessell et al. (1975). Check plots were
arranged identically but without surrounding companionate plants. Experimental design
was a 4 by 4 Latin Square. All plots were maintained weed-free by regular hoeing and
counts of cabbage insects were made 3 and 27 August and 11 September.
RESULTS AND DISCUSSION
Mulch planting. The hay mulch had little effect on pest insect populations (Table 1).
Numbers of eggs and larvae of the imported cabbageworrn were significantly lower on the
first date, 3 August, but this difference did not continue on subsequent counting dates.
Reductions in oviposition on the younger plants may have resulted from changes in the
crop background produced by the mulch which made the crop less attractive to adults.
Such effects would tend to lessen as the plants grew
and increasingly obscure the
mulch.
Cabbage looper populations were higher on mulched plots I I September, but were not
different from populations on control plots on earlier dates. The increase in cabbage

Table l. Cabbage insect populations on plants as affected by the use of a hay mulch,
Rosemount, Minnesota, 1981.

Treatment

Date

Insects/24 heads
Imported
cabbageworm
eggs

Imported
cabbageworm
larvae

Cabbage
looper
larvae

:\1ulch
Check

Aug 3

74A
132B

31 A
60B

13A
27 A

Mulch
Check

Aug 11

132 A
148 A

234A
251 A

2A
3A

Mulch
Check

Aug 27

39A
41 A

302A
274 A

26A
33 A

Mulch
Check

Sep 11

94A
55A

83 A
73 A

43 B
19 A

'For each date, numbers followed by the same letter are not
Duncan's MRT.
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looper on the late date may have resulted from the plants becoming more attractive to the
ovipositing females since the mulch would tend to provide cover and increased humidity
about the plant.
The failure of the mulch to modify the crop environment to allow substantial increases
in predation of pest species may have several bases. Dempster (1969) concluded that the
carabid Harpalus rufipes was the primary species responsible for reducing imported
cabbageworm numbers on weedy Brussels sprouts plantings. The species found most
frequently in Minnesota cabbage fields, Harpalus pennsylvanicus DeGeer and
Prerostichus chalcires Say (Weires 1972), may not similarly respond to cultural practices
which increase shelter about the plants. In addition, cabbage may not be as readily
searched by carabids as Brussels sprouts (Dempster 1969, Dempster and Coaker 1974) or
collards IRoot 1973) due to differences in growth habit or morphology of the crops.
Companionate planting. Use of companionate plants did not reduce pest populations
on cabbage ITable 2). a result that has been similarly reported previously (Dessell et al.
1975. Lalhed and Irwin 1979). Greatest effect on pest populations was a reduction of
imponed cabbageworm oviposition on cabbage plants surrounded by nasturtium. Nastur
tium .....as the only companionate plant used in this study on which oviposition also
occurred. HO\lo'evcr. there were no effects on imported cabbageworm larval populations
from any of the companionate planting treatments. Trends of increasing imported
cabbageworm infestation, such as were indicated by Latheef and Irwin (1979), were not
noted in this studv.
On some dates cabbage looper larvae were more numerous on cabbage plants sur
rounded by thyme and nasturtium. This may be due to microenvironment changes
resulting from the denser crop canopy on plots with companionate interplantings.
However. no consistent pattern of pest population shifts were observed on any interplanted
plots
that the cultural practice cannot effectively control cabbage insect pests in
Minnesota.

Table 2. Cabbage insect populations on plants as affected by the use of interplanted
companionate plants. Rosemount, Minnesota. 1981.

Companionate
planting

Date

Insectsfl2 heads
Imported
Imported
eabbageworm
cabbageworm
larvae
eggs
104 A
63A
91 A
87 A

Thvme
~asturtium
Rosemary
Check

Aug 3

Th\'me
~aSrurtium
Rosemary
Check

Aug 27

6AB
4A
18 AB
23 B

Thvme
!\aSttlrtium
Rosemary
Check

Sep 11

lOA
15 A
29A
45A

Cabbage
looper
larvae

38 A
38A
44A
47 A
175
169
180
174

11 A
7A
lOA
lOA
28 B
32B
17A
19 A

A
A
A
A

32A
52A
44A
43A

'For each date. numbers followed by the same letter are not significantly different
Duncan's :\fRT.

26B
22 AB
13A
13A
(P

005) by
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FLOWER ASSOCIATIONS AND MATING BEHAVIOR OR ITS ABSENCE
AT BLOSSOMS BY SPILOMYIA SPP. (DIPTERA, SYRPHIDAE)
G. P. Waldbauer l and Arthur W. Ghent l
Syrphid flies of many species visit blossoms to obtain nectar and pollen (see Waldbauer
1983 for referencesl. Many of these syrphids, in common with other insects (Parker 1978),
also find mates at the blossoms. Males of these syrphid species make aerial patrols of
inflorescences frequented by females, alternating these patrols with sitting on foliage.
l11ey pounce on or chase insects of various species and swiftly initiate copulation with
can specific females (Collet and Land 1975; Maier 1978; Maier and Waldbauer 1979a,b).
We here present evidence that Spilomyia quadrifasciata (Say) also mate at the plants
that they visit for nectar and pollen, while S. fusca Loew do not. We also indicate the
seasonal occurrence of these species and list the host plants that they visit.
METHODS
Samples were taken from flowers at the edge of the woods along the Reed Road transect
(\\'aldbaucr 19831 between the towns of Pellston and Carp Lake in Emmet County,
nonhern Lower ~Iichigan. Almost all of the Spilomyia were caught along a railroad track
where it crosses a mesic woodland of second growth conifers and hardwoods just south of
Carp Lake. Samples were taken with a hand net on every clear or partly clear day from 2
June to 18 AUgust. and on 25 August and 4 September in 1982. They were also taken in
1983 from 20 July to 9 August. Sampling usually began in the morning just before
syrphids appeared at flowers and continued until their numbers diminished from early to
mid-afternoon. Each plant species in blossom was checked several times to see if it
attracted the syrphids in question; plants that did were sampled regularly as long as they
were in blossom. Every Spilomyia seen was pursued; about 80% were caught. Specimens
were segregated according to whether they were feeding when caught (on an inflores
cence) or not
when caught (on the foliage of the host plant or flying nearby).
:\1ating pairs were kept together and mounted on the same pin. The first author identified
the syrphids: voucher specimens are in his collection. Voucher specimens of the plants are
in the Herbarium. Department of Plant Biology, University of Illinois.
RESULTS AND DISCUSSION
The 1982 seasonal distributions of adults of the two species of Spilomyia are shown in
1. The last date on which S. quadrifasciata appeared is not known because this
species was still present when the last sample was taken on 4 September. It could not,
however. have been present for much longer because 1 September is the average date for
the first freezing temperature in the Pellston area (Strommen 1974). In 1983 S. quad
rifi1sciata and S. fusca first appeared on almost the same dates, 1 August and 20 July,
respectively.
In 1982 and 1983 S.fusca was caught on or flying about blossoming plants of Pastinaca
sarim L. (86 specimens), Solidago spp. (9), Clematis virginiana L. (4), Eupatorium
maculatum (L.) (1), Sambucus canadensis L. (1), Spiraea alba DuRoi (1), and Verbascum
thaPSIIS L. (1). In the same years S. quadrifasciata was taken on or about Solidago spp.

'Department of Entomology, University of Illinois, Urbana, IL 61801.
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Fig. 1. The seasonal occurrence at blossoms of the adults of two species of Spilomyia in Emmet
County, Michigan, in 1982.
(= S. rugosa Mill., S. canadensis L., and S. gigantea Ait.) (132) or P. sativa (10). It is
noteworthy that the native S. Jusca was so frequently associated with the non-native P.
sativa. S. quadrifasciata (also native) was much less often associated with P. sativa,
probably because S. quadrifasciata occurs later in the season than does S. Jusca
1),
and thus does not coincide with P. sativa's peak blossoming period.
We employed a three-dimensioned contingency analysis (Table 1) to assess the
significance of the three two-way interactions, and a possible three-way interaction,
among species, gender, and activity (feeding vs. not feeding at time of capture). All three
two-way interactions (gender vs. species, activity vs. species, and activity vs. gender,
bottom of Table 1) proved highly significant in the 13-week 1982 data set, but only the
gender vs. species interaction could be detected in the three-week 1983 data set (analysis
not shown). A satisfactory description (P
0.263) of the 1982 data set is obtained if all
three two-way interactions are included (eighth model, Table 1), indicating that there is no
need to postulate the existence of a three-way interaction. The first of the conditional
models (fifth model, Table 1) incorporating only the two strongest two-way interactions is
conventionally acceptable at the 0.05 significance level, but it comes vcry close (P
0.06) to being rejected; it also excludes a two-way interaction known to be highly
significant, and clearly provides a less adequate description of these data.
The qualities of these three significant two-way interactions can be appreciated from
their associated percentages (Table 2). It is apparent that S. quadriJasciata and S. Jusca
differed from each other in sex ratio, females predominating in S. Jusca and males
predominating in S. quadr~fasciata. It is also apparent that S. Jusca of either sex were the
more likely to be caught while feeding, and that males of S. Jusca were more likely to be
caught in the act of feeding than were males of S. quadriJasciata.
These differences must reflect species differences in the activity patterns of the sexes
(Maier and Waldbauer 1979a, b). More specifically, these differences suggest that S.
quadrifasciata mates at the host plants and that S. Jusca mates elsewhere. Female S.
quadrifasciata apparently feed and then immediately move off, either in copulo or directly
to the oviposition sites. The males apparently spend most of the day at the host plants
looking for females to inseminate. On the other hand, it is the S. Jusca males that eat and
run, presumably rushing off to some other site where mating occurs. The strongly female
skewed sex ratio of S. Jusca at the host plants strongly suggests that males do not tarry
there to find females. It also suggests that females spend more time feeding than do males,
presumably because the females make the greater parental investment of energy and
biomass.
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Table I. Three-dimensioned contingency analysis of 1982 species-sex-activity data. Desig
nators: S = species, G = gender, F (vs. F') = feeding (vs. not feeding) at time of capture.
Probabilities for log-likelihood G 2 values approximated by chi square; df = degrees of
freedom.

o

S. quadrifasciata
Activity
F
F'
13
12

S. fusca
Activity

58
df

0
Probability

4
3
3
3
2
2
2
1

<.0005
<.0005
<.0005
<.0005
.06
.002
.001
.263

2

2
G2

~odel

[G]
47.47
[S]
[GS]
34.18
[FS]
26.97
[FG]
26.16
[S]
[GF] [SF]
5.65
[FG] [SG]
12.86
[FS] [GS]
13.68
[GS] [FS] [FG]
1.26
G2 tests of 2-way interactions
[F]
[F]
[G]

Complete independence
Conjoint independence
Conjoint independence
Conjoint independence
Conditional independence
Conditional independence
Conditional independence
Three 2-way interactions

GS:
FS:
FG:

F'
4

SEX

SEX
Descriptive

F
28

0

-1-7.-1-7 - 34.18 = 13.29 with 4 - 3 = Idf,p = <.0005
·.p.-1-7 - 26.97 = 20.50 with 4 - 3 = 1 df, P = < .0005
-1-7.-1-7 - 26.16 = 21.31 with 4 - 3 = I df, P = <.0005

Table 2. Distribution by feeding activity and sex of the adults of two species of Spilomyia
caught on or near their food plants in Emmet County, Michigan, in 1982. Individuals sitting
on flowers ""'ere assumed to be feeding. The "not feeding" category includes individuals
that were flying about the plants or sitting on their foliage. Percentages for activities within
sexes add to 100 horizontally; percentages for sexes within species add to 100 vertically.
Feeding
No.
%

Species

Not feeding
No.
%

Total
No.

%

S. quadrifasciata

0

2

13
9

52.0
90.0

12
I

48.0
10.0

25
10

71.4
28.6

28
58

87.5
100.0

4
0

12.5
0.0

32
58

35.6
64.4

S·fusca

0

2

Our view of the mating behavior of the two species is supported by other observations.
First. on a few occasions males of S. quadrifasciata were seen to patrol blossoming plants
as if they were in search of females. This behavior was not seen in S. fusca. Futhermore,
three mating pairs of S. quadrifasciata were found on Solidago inflorescences, while
maring pairs of S. fusca were not seen. It is possible that either or both species mate at the
oviposition sites or at stations and (or) leks that are not associated with resources. It should
be noted that mating pairs of S. quadrifasciata are relatively secretive as compared to
mating pairs of Temnostoma spp. that continue to feed while the females fly from
inflorescence to inflorescence dragging the males behind them (Waldbauer, in press).
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A MAPLE WOOD WASP, XIPHYDRIA MACULATA, AND ITS INSECT
ENEMIES (HYMENOPTERA: XIPHYDRIIADE)
Mark A. Deyrupl
ABSTRACT
A xiphydriid wood wasp, Xiphydria mandata, is very common in branches ofAeer spp.
in Indiana. and is frequently the proximate cause of branches falling from shade trees. X.
maculata is attacked by seven parasitoids: Alliaells bllrquei (Aulacidae), A. digitalis,
Rhyssella nitida (Ichneumonidae), Xiphydriophagus meyer/llcki! (Pteromalidae), Co·
eloides TOssiclls betlltae (Braconidae), Spathills elegans (Braconidae), and OruSSlIs sp.
(Orussidae). The latter three parasitoids prior to this study had no confirmed hosts;
Xiphydriophagus is new to N. America. This parasitoid complex is compared with that of
the Palaearctic Xiphydria camelus, showing a series of pairs of closely related Palaearctic
and :\earctic forms.

~lore than 20 years ago the British entomologists G. H. Thompson and E. R. Skinner
produced their film on the alder wood wasp and its insect enemies (1961), a film that
documents the complex story of Xiphydria cameills (L.) and four parasitoid wasps. This
film has been shown to thousands of students in the United States as well as Great Britain;
it must be the most widely disseminated study of insect parasitoids. now that the works of
J. H. Fabre are no longer made required reading for young scientists. The film is also one
of the earliest examples of a modem phenomenon: the scientific study that has been fully
documenred on film but not in print. As my study of a Nearctic species, Xiphydria
mamlara Say. is to a large extent dependent upon the Thompson and Skinner film, I will
briefly recapitulate the alder wood wasp study as a prelude.
The alder wood wasp, Xiphydria cameills, oviposits in recently killed alder trees (AlII us
SpP.I. The eggs. accompanied by propagules of a symbiotic fungus, are deposited at the
interface between bark and wood. Upon hatching from the egg, the larva quickly bores
into the wood. where it tunnels until fall. The larva pupates the following spring and
emerges as an adult in late spring or early summer.
Four species of hymenopterous parasitoids are associated with X. camelus. The first of
these. A.lllaclIs striatus Jurine (Aulacidae), searches for the oviposition holes of X.
camellls and lays its own egg inside the recently deposited egg of its host. When the host
larva is fully grown the parasitoid larva begins to grow rapidly, soon killing its host. The
aulacid larva forms a cocoon within the pupal cell of its host, overwintering in this cocoon
and emerging as an adult the following spring. The second parasitoid, Rhysella approx
imator I Fabricius) ( = R. curvipes Gravenhorst), is a large ichneumonid that drills through
bark and wood to intercept a large larva of X, cameills. After stinging and paralyzing its
host. the wasp lays an egg externally on the larva. Like A. striatus, R. approximafor grows
rapidly on its mature host larva, overwinters in the wood, and emerges as an adult the
follo\\ing year. Another ichneumonid, Pseudorhyssa alpestris (Holmgren), is a c1ep
toparasitoid of R. approximator. P. alpestris uses the oviposition hole drilled by R.
approximator to gain access to the larva of X. cameills. Upon hatching, the P. alpestris
larva kills that of R. approximator and consumes the wood wasp larva. The fourth
parasitoid. Xiphydriophagus meyerinckii (Ratzeburg) (Pteromalidae) is a gregarious
external parasitoid that kills large larvae of X. camelus. The female X. meyerinckii enters
old Xiphydria exit holes and burrows down through the frass in the abandoned larval

lArchbold Biological Station. Lake Placid, FL 33852.
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gallery until she deteets a Xiphydria larva boring nearby in the wood, X, meyerinckii then
cuts a gallery through the intervening wood, stings the host, and lays about 30 eggs on its
body.
Since 1961 there has been a quantitative study of the effeet of ichneumonids of the tribe
Rhyssini on various European Siricidae and Xiphydriidae (Kazmierczak 1979),
Inspired by the alder wood wasp film, I have been observing a native Nearctic wood
wasp, Xiphydria maculata, and its inseet enemies over a period of about three years. One
goal of this study is descriptive: very little is known about the biology of ;\[earctic
Xiphydriidae, or about their abundance, or about the amount of damage they cause, or
about their insect associates. A second goal of this study is comparative: there are
intriguing questions concerning parasitoid complexes of similar species found on separate
continents. Are the parasitoids of the two Xiphydria closely related, or have unrelated
species taken similar ecological roles in the two regions? Is there any evidence of
apparently "empty" ecological niches? Is it possible to formulate any hypotheses on the
biogeographical history of any of these groups of insects?
MATERIALS AND METHODS
Most of the insects studied were collected in West Lafayette, Tippecanoe County,
Indiana. Xiphydria maculata and its parasitoids were easily obtained from fallen maple
(Acer spp.) branches in parks, in wooded areas, and under shade trees along city streets
and on the Purdue University campus. Most of these branches were collected in winter and
spring. The branches, which were usually 3 to 6 cm in diameter, were brought into the
laboratory; some branches were split and the insects removed for examination, others were
cut into sections and placed in plastic bags, into which the insects emerged, Each pinned
specimen was given l<ibels stating the date the branch was brought in, the date of
emergence, and the host. When parasitoids emerged from wood known to have contained
larvae of X. maculata, the host-parasitoid association was verified by splitting the wood
and finding the head capsule and terminal abdominal spine of the host larva together with
the shed skin or cocoon of the parasitoid. The head capsule and terminal spine of
Xiphydria species are not easily confused with those of most other insects, though large
Mordellidae larvae, occasionally occurring in maple, have a somewhat similar spine. Two
additional Xiphydria species, X. tibialis Say and X, polia Smith, occur on maple in
Tippecanoe County; neither of these species were reared from wood from which X,
maculata emerged. For the purposes of this study, therefore, a firm host-parasitoid
association was considered established by the combination of an emerged adult parasitoid.
plus the cocoon or exuvia of the parasitoid and host remains at the bottom of an exit shaft,
plus adult Xiphydria maculata reared from the same piece of wood. Voucher specimens of
the insects discussed in this paper have been placed in the U,S. National Museum.

SPECIES ACCOUNTS
Xiphydria maculata Say.

In central Indiana, if not elsewhere, the most surprising fact about X. maculata (Fig, 1)
may be its abundance. My first finding of this species I considered an extraordinary piece
of luck, but as my lucky finds were repeated day after day to the point of monotony and
my office became filled with large branches containing these "rare" insects, it became
evident that, although X. maculata adults are seldom secn, this species was by far the
commonest of all wood boring larvae seen in branches of maple. It is not, however,
established that this species is as common throughout its range, or whether it has cycles of
abundance. The only author to remark on the abundance of X. maculata is Harrington
(1884), who found X. mandata "far from being so rare as I then considered it," in
Ottawa, Ontario,
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Fig. 1. Xiphydria maculata, female, natural stance, actual length 13 mm.

This species occurs in the northeastern United States and southeastern Canada, with
isolated records as far west as Manitoba, Kansas, and eastern Texas, as well as a dubious
record from California (Smith 1976).
Reported hosts of X. maculata are Acer saccharinum L. and A. rubrum L. (Smith
1976); I have reared specimens (103 voucher specimens) from many separate pieces of A.
saccharinum and A. saccharum Marsh. Harrington (1884) found specimens attacking
small to medium-sized trees, always on the bole below the branches. I have seen a series
of 4-5-cm diameter A. saccharum saplings riddled with galleries of X. maculata, but
most infested material is tops and branches from 2.5 cm to 9 cm in diameter. The galleries
of X. maculata often weaken branches so extensively that the branches break off at the
point where the galleries are most concentrated. The large number of such branches lying
on the ground and showing the galleries of X. maculata in their broken ends suggests that
X. maculata normally oviposits in branches that are still attached to the tree, or in the
boles of small standing trees. I have actually observed oviposition on only six occasions;
in two instances the material was fallen limbs, in four instances it was broken, bent-over
trees or branches still attached to the tree.
Larval galleries usually run parallel to the grain and are filled with densely packed white
frass composed of minute fibers. There is seldom any obvious evidence of fungus around
the gallery. except for the pupal cell, which is usually lined with black fungus. The larva
sometimes makes a bend in the gallery and approaches the surface of the wood before
constructing a pupal cell (Fig. 2).
The mating of X. maculata has been described by Rohwer (1915), who stated that no
courtship takes place. I found that males kept in isolation in small plastic dishes produced
an audible tapping noise by striking the end of the abdomen very rapidly against the side

Fig. 2. pupa of Xiphydria maculata.
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of the container, with bursts of tapping occurring at short intervals. By tapping lightly on
the container with the point of a pencil I was sometimes able to induce thc males to start
tapping. On one occasion three males were observed walking up and down a small
uprooted tree, making the characteristic tapping movements with the abdomen. On a few
occasions females were heard tapping. It seems possible, therefore, that there are
vibrational courtship signals preliminary to the rapid approach and mating observed by
Rohwer and also observed in the present study. Male X. maculata have a brush of enlarged
stiff, backward-pointing setae on abdominal sternites 6 and 7, with a smaller brush on
sternite 5. These brushes have several conceivable functions, including sending or
receiving signals through a substrate, Cooper (1953) described abdominal tapping in
female Orussidae, and suggested the female was sounding out the wood to discover
concealed larvae; the Orussidae, like the Xiphydriidae, are wood-inhabiting members of
the superfamily Siricoidea (Ross 1937).
In the laboratory some pieces of maple produced series of at least 20 female X.
maculata and no males, nor any evidence of an earlier emergence of males. The possible
explanations for these all-female emergenees are complete mortality of male larvae, or
selective oviposition of female eggs in certain kinds of host material, or thelytoky in some
individuals. None of these phenomona is known to occur in Xiphydriidae.
The life eycle probably normally requires one year, with adult emergence in early
summer. Several large sugar maple branches broken during a spring storm in 1979
produced adult X. maculata the following summer. Most larvae I have seen in late winter
and early spring are apparently nearly mature, but some are as small as 4 mm in length; it
seems likely that these small individuals require two years to develop as there is no
evidenee of fall emergence of adults. Harrington (1884) observed adults (in Canada) from
mid-June to the end of July. I have observed adults in the field in Indiana from 27 May to I
July.
There is little evidenee of competition between X. maculata and other species of
Xiphydria. On two occasions I reared X. tibialis from Acer saccharum branches appar
ently similar to those often attacked by X. maculata. On one occasion I observed a
specimen of X. polia ovipositing in an uprooted A. saccharinum with X. maculata females
ovipositing nearby. Additional species collected in the study area are X. scafa Smith, X.
hicoriae Rohwer, and X. abdominalis Say, none of which is known to attack maple.
It is still not clear whether X. maculata should be considered a beneficial insect
promoting pruning of dead and unhealthy branches, or a pest that kills healthy and slightly
stressed trees and branehes. Harrington (1884) took the latter view; in an article gloomily
entitled "A New Foe to the Maple" he described X. maculata attacking apparently healthy
young shade trees. X. maculata was not discussed as a pest in any recent works on forest
and shade tree entomology, but this does not prove that X. maculata is not causing
eonsiderable damage out of sight in the tops of shade trees. In siricids the ability to kill
trees and branches depends entirely upon the phytotoxicity of a mucous secretion injected
at oviposition and the virulence of a symbiotic fungus accompanying this secretion
(Spradbery 1973); the same might be true of xiphydriids.
Aulacus burquei (Provancher)
Aulacus burquei is a parasitoid that was observed laying its egg in the egg of its host, in
the manner of the European A . .I'triatus. A. burquei varies in abundance from one maple
branch to another, some branches kept in the laboratory produced more adult A. burquei
than X. maculata, while other apparently similar branches produced no A. burquei. This
suggests that this parasitoid is highly successful when it finds a batch of eggs, but often
misses batches of eggs entirely.
Aulacus burquei is known to oeeur from Nova Scotia south to Maryland and west to
Michigan (Carlson 1979). The only known host is X. maculata, though I have reared one
specimen from the tree Carpinus caroliniana Walt., in which the host was probably X.
maculata.
Almost all specimens seen were reared. 'IWo specimens were eollected in the field. on 6
June and 18 June respectively. Two larval specimens were removed from their cocoons on
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7 July. I have prepared 44 voucher specimens. Published records of 14 specimens
presumably taken in the field have collection dates from 17 June to 6 August (Townes
1950).

Aulacus digitalis Townes
Aulacus digitalis (Fig. 3), like A. burquei, occurs in maple branches. frequently
emerging from the same branches as A. burquei. The two aulacids are eaSily distinguished
morphologically (Townes 1950), but these differences, chiefly in coloration and the length
of the metacoxal process, do not have any obvious ecological significance. The ovipositor
lengths of the two species are similar.
A. digitalis is known to occur from New England west to northern Ohio (Carlson 1979).
The only known host is X. maculata. Adults were taken in the field on 3 June and 7 June
respectively; I have in addition 41 reared voucher specimens. Published records of three
specimens taken in the field have collection dates of 20-30 June and 17 July (Townes
1950),
Rhyssella' nitida (Cresson)
Rhysella nitida, like the Palaearctic R. approximator, attacks large Xiphydria larvae,
drilling through bark and wood to reach its host. R. nitida is an abundant species that can
be found in almost all pieces of maple that contain X. maculata.
R. nitida is distributed from Maine south to Georgia, and west to Minnesota; specimens
have also been collected in British Columbia (Townes and Townes 1960). The only host
reported for this species is X. maculata (Townes and Ibwnes 1960) but the specimens
from British Columbia must have had another host, almost certainly X. mellipe.l' Harris,
the only xiphydriid known from the area. I have reared R. nitida from X. tibialis as well as
from X. maculata. The flight season is from early May to the end of August (Townes and
Townes 1960). I have prepared 45 voucher specimens of this species. Townes and Townes
(1960) provided an illustration of R. nitida.

Fig. 3. Aulacus digitalis, female, natural stance. actual length 8.5 mm.
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Xiphydriophagus meyerinckii (Ratzeburg)

On four occasions I have reared this species (Fig. 4) from larvae of X. maculata in Acer
saccharum; this is the first Nearctic record of the genus Xiphydriophagus. The only
described species of Xiphydriopohagus is X. meyerinckii, mentioned above as a parasitoid
of Xiphydria camelus. The Indiana specimens were identified as X. meyerinckii by Dr.
Eric E. Grissell, (pers. comm.).
My limited studies of this species suggest that its life history is the same as that of
European X. meyerinckii. Larvae were found clustered in the cell of the host. A tunnel
could be seen in the wood, connecting the larval cell with a larva gallery and emergency
hole of another Xiphydria maculata. Female Xiphydriophagus in the laboratory entered
Xiphydria exit holes and commenced tunneling, presumably seeking host larvae.
The branches from which this species was reared contained only a few host larvae and
did not appear suitable for another generation of wood wasps.
The geographic range and host range of X. meyerinckii in North America is unknown.
In Europe, this species has been reared from Betula and Ulmus, as well as Alnus (Ferriere
1952), suggesting that several Xiphydria species may be hosts.
CoeLoides rossicus betulae Mason

I have reared this braconid (Fig. 5) on 15 occasions from X. maculata and X. tibialis in
Acer saccharum. The branches were found on the ground in deep shade in wooded areas.
Rhyssella nitida and, on two occasions, Xiphydriophagus were taken from material
containing C. rossicus, and seem possible competitors of the latter. No C. rossicus were
reared from the large number of branches found under shade trees along streets, branches
in which Aulacus sp. and R. nitida are common.
C. rossicus betulae is the Nearctic subspecies of the Holarctic C. rossicus (Kokujev).
Most reports of Nearctic specimens are from Betula (one from Acer), and Mason (1978)
tentatively suggested that Agrilus anxius Gory might be the host; this suggestion is
probably based on the host tree, a "birch borer" label on one specimen, and the fact that
some other CoeLoides do attack buprestids. There is no reason to rule out Agrilus spp. as

Fig. 4. Xiphydriophagus meyerinckii, female, actual length 2.8 mm.
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Fig. 5. Coeloides rossicus, female, actual length 9.5 mm.

hosts, but the only confinued hosts at present are my records of X. tibialis and X.
macuiata, and on this basis there is a good possibility that X. mellipes is the host in
Betula. In Europe the known host of C. rossicus is Xiphydria prolongata (Geoffroy) in
Salix spp. (Balazy and Michalski 1977).
The geographic range of C. rossicus betulae includes southeastern Canada, the
northeastern U.S., and British Columbia (Mason 1978).
I have taken one specimen in flight on 30 May; published collection records that
presumably refer to adults collected in the field (Mason 1978) are from 28 May to 28
August. I have 15 voucher specimens.
Spathius elegans Matthews

On three occasions the braconid Spath/us elegans (Fig. 6) was reared from small
Xiphydria larvae, twice from X. maculata, once from X. tibialis. The larvae parasitized
were near the surface of branches of Acer saccharum on the ground in dense shade in a
wooded area. This species is undoubtedly an ectoparasitoid like other members of its
genus (Matthews 1970) and like Rhyssella and Coeloides.
There are no other confinued records of hosts of S. elegans. A tentatively identified
teneral male was reared by Hopkins from wood infested with Hadrobregmus sp.
(Matthews 1970); this possible host is almost certainly not Hadrobregmus according to
current nomenclature, but some other genus of Anobiidae (see Knutson 1963). There is a
record of a specimen reared from Juglans nigra L. (Matthews 1970), and I reared a
specimen from Celtis occidentalis L.; neither of these hosts are likely to harbor
xiphydriids. The admittedly unsatisfactory evidence on host relationships of X. elegans
seems to suggest that this species is not a specialist dependent on Xiphydria but rather
attacks a number of wood borers within a certain size range found in a particular habitat.
The geographic range of X. elegans is Quebec to Florida, west to Iowa and Minnesota;
there is also a single specimen from San Juan Island, Washington (Matthews 1970). The
flight season is 19 May to 7 September (the earlier date from Florida) (Matthews 1970). I
have collected two adults in a flight trap, 24 June and 4 August, for a total of seven
voucher specimens.

24

THE GREAT LAKES ENT0.\10LOGIST

Vol. 17, No, I

Fig, 6, Spath!us eiegans, female, actual length 5,5 mm.

Orussus sp.
Four separate branches of Acer saccharum containing X. maculata produced specimens
of this undescribed orussid (Fig. 7). Three of these branches were split to reveal the larval
skins of X. maculata together in the gallery with the larval and pupal skins of the orussid.
Hosts of eastern Orussidae have not previously been identified, though the similar O. say!!
is often associated with buprestids (Cooper 1953). On one occasion I reared specimens of
Agrilus obsoletoguttatus Gory as well as X. maculata from Acer saccharum from which
Orussus sp. emerged. A western species, Orussus occidentalis (Cresson), has been taken
from the pupal cell of a buprestid (Burke 1917). The only report of Orussus associated
with Xiphydria is Rudow's observation (cited in Rohwer 1925) that a European Orussus
occurs together with Xiphydria on Betula. For the present it seems unwarranted to assume
this orussid is a specialist associated only with Xiphydria in the manner of Rhyssella spp.
and some Aulacus spp.
Orussus sp. occurs together with Rhyssella nitida and Aulacus burquei in branches from
exposed trees. In the laboratory I found the orussids to be active only in bright light; in

Fig. 7. Orussus, undescribed species, female, actual length 8 mm.
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dim light and at night the adults sought open galleries (their own, or those of X. maculata)
and backed into these holes until only the front of the head was visible.
GEOGRAPHIC RANGE NarES
The following species of Xiphydria and parasitoids have not previously been reported
from Indiana. All records are from Tippecanoe County, in the north-central part of the
state.
Xiphydria abdominalis Say, X. polia Smith, X. scafa Smith, X. hicoriae Rohwer, X.
tibialis Say, Aulacus burquei (Provancher), A. digitalis Ibwnes, A. love! (Ashmead),
Rhyssela nitida Cresson, R. humida Say, Xiphydriophagus, meyerinckii (Ratzeburg).
Coeloides rossicus betulae Mason, and Spathius elegans Matthews.
RELATIONSHIPS BETWEEN PARASlJOIDS OF X. MACULlfI'A IN INDIANA
Most parasitoids of X. maculata clearly differ in the way they exploit their host, but the
term "resource partitioning," which often implies competitive displacement, may not be
appropriate in this case, The parasitoids differ ecologically in ways that may be more
simply explained as ecological differences that are inherent in the taxonomic groups to
which they belong than as behavioral differences that coevolved among species utilizing
the same species of host.
Rhyssella nitida is limited by the length of its ovipositor, which can reach larvae at a
depth no greater than 21 mm, the maximum length of the ovipositor. Small individuals
have a proportionally short ovipositor as short as 11 mm. X. maculata larvae often occur at
depths greater than 21 mm. SmallX. maculata larvae are not suitable hosts, so that small
species of parasitoids can pre-empt hosts before these hosts are large enough to be suitable
for R. nitida.
Coeloides rossicus, though one of the largest members of the genus Coeloides, is
considerably smaller than R. nitida and is able to utilize hosts that are suboptimal or too
small for R. nitida. C. rossicus, however, is limited to hosts at a depth of 10 mm or less,
and the smallest individuals have an ovipositor only 5.5 mm long. In addition, C. rossicus
has thus far been found only in heavily shaded branches, whereas R. nitida occurs in both
shaded and exposed branches.
Spathius elegans is one of the largest species of Spathius, but the largest individuals are
only 6.5 mm long, about the size of the smallest C. ross/cus. The ovipositor is 5-6 mm. S.
elegans has been reared only from heavily shaded branches.
Xiphydriophagus meyerinckii can attack hosts at any depth in the wood, and can
probably attack larvae of various sizes. X. meyerinck!i however, attacks only the second
and succeeding generations of X. maculata in a piece of wood, because exit holes of adult
X. maculata must be present to provide access to host larvae in the wood. X. maculata
attacks relatively sound branches, not soft and rotten branches, so some dead branches rot
too rapidly to be suitable for the second host generation required by Xiphydriophaga, and
few branches are likely to produce a third generation of hosts.
The two species of Aulacus are in no way limited by the depth at which the host occurs,
as the eggs of X. maculata are always within the reach of Aulacus. The Aulacus species,
however, have only a short time in which to find a batch of
of the host before the eggs
hatch and the larvae bore into the wood. A few days of poor
conditions, or any other
factor that hinders efficient dispersal and host detection, allows the irretrievable escape of
large numbers of potential hosts. The coexistence of A. burquei and A. digitalis is not
explained by any known difference in ecological roles, but ecological differences could
easily go unnoticed, especially in the important areas of dispersal and host detection. It
may not be correct, however, to assume that an ecological difference must exist to explain
the coexistence of A. burquei and A. digitalis. These two species utilize a resource
(Xiphydria eggs) that is distributed in highly ephemeral patches in a habitat (dead
branches) that is itself patchily distributed in time and space. The coexistence of two
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ecologically similar species of Aulacus could be a small scale example of the diversity that
may occur in temporary, disturbed habitats under conditions where numbers of colonizers
are relatively independent of the numbers of offspring produced by the parent populations,
and where the first colonizers can permanently preempt resources (Connell 1978).
Orussus sp., like the other species that oviposit on or near larvae in wood, is apparently
limited in host utilization by the length of the ovipositor, which is normally retracted, and
was not measured in use. It is not known whether the host is paralyzed or whether the larva
of Orussus is able to tunnel in the wood looking for its host. This Orussus seems to have
an ecological limitation in that it is active only under conditions of high light intensity.
The outcome of direct confrontation between any of these species of parasitoids is not
known. The confrontation that is likely to occur most frequently is the attack by R. nitida,
X. meyerinckii, C. rossica, S. elegans, or Orussus sp., on aX. maculata larva containing a
small Aulacus larva.
COMPARISON OF PARASITOID COMPLEXES
The parasitoid complexes in Europe and Indiana have in common parasitoids represent
ing the genera Au/acus, Rhyssella, Xiphydriophagus, and Coeloides. There is no example
of a species in one complex whose role is filled by a representative of a different genus in
the other complex. There are, however, examples of ecological roles that are occupied in
one complex and apparently vacant in the other. The best documented example is the
Palaearctic hyperparasitoid Pseudorhyssa alpestris, for which there is no Nearctic
equivalent hyperparasitoid either in the genus Pseudorhyssa or in any other genus. The
only Nearctic representative of Pseudorhyssa, P. ruficaxis (Kriechbaumer), is associated
with Siricidae in conifers. No representatives of Spathius or Orussus are known to attack
Palaearctic Xiphydriidae. Of these two only Spathius, which attacks small Xiphydria
larvae, has a demonstrably distinctive ecological role, a role apparently not occupied in
Europe.
Some evidence of the biogeographical history of two Xiphydria species and their
parasitoid complex can be seen from a number of cases of closely related species pairs.
These species pairs show a Holarctic ecological complex that has diverged relatively little
in the time since the species were isolated as Palaearctic and Nearactic populations.
Xiphydria camelus, which attacks Alnus spp., has as its counterpart X. mellipes, which
attacks Betula spp. X. mellipes, the only transcontinental species of Xiphydria, more
closely resembles X. camelus than any Nearctic Xiphydria (Smith 1976). Aulacus striatus
is matched by A. paUipes Cresson, a transcontinental species attacking X. mellipes. A.
striatus and A. pallipes are particularly closely related (Townes 1950). Rhyssella approx
imator is matched by R. nitida, which probably has a transcontinental distribution and
almost certainly attacks X. mellipes, at least in northwestern North America, Rhyssella
approximatar and R. nitida may bc only subspecifically distinct (Townes and Townes
1960). Caeloides rossicus andXiphydriaphagus meyerinckii are Holarctic species, though
their connection with X. camelus and X. mellipes respectively have yet to be established.
In the case of X. maculata, this species is attacked by all of the Holarctic complex
except for A. pallipes, and is also attacked by two apparently host-specific species of
Aulacus, as well as by species of Orussus and Spathius, which may well be habitat
specific and host-generalist parasitoids.
This preliminary study raises a number of questions aside from the questions on host
ranges and geographic ranges suggested in the paragraphs above. There is the general
zoogeographic question of the origin of the host-parasitoid complexes in the Nearactic and
Palaearctic regions. There are the species of Xiphydria in both regions whose parasitoids
have not been catalogued. There are questions of competitive interactions, particularly
those involving aulacids. There are questions on how the various parasitoids locate their
hosts. There is no consensus on the pest status of X. maculata or any other Nearctic
Xiphydria. Finally, there is the ultimate and daunting task of revealing the population
dynamics of X. maculata and the quantitative impact of its insect enemies.
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AQUATIC HEMIPTERA OF WISCONSIN1
William L. HilsenhoffABSTRACT
About 59,000 aquatic Hemiptera were collected in Wisconsin, most of them in the last
15 years. These include three species of Belostomatidae, 48 species of Corixidae, one
species of Naucoridae, four species of Nepidae, nine species of Notonectidae, and one
species of Pleidae. The riparian Gelastocoris oculatus was also found. Species keys for
adults are provided along with notes on identification, habitat, biology, distribution, and
abundance. Most species reached peak abundance in late summer and autumn and
overwintered as adults, but seven species apparently overwintered as eggs. Most lentic
species flew to streams or larger len tic habitats to overwinter. Populations of all species
declined rapidly after mating and oviposition in the spring.

Species in six families of aquatic Hemiptera have been collected in Wisconsin, and their
distribution, abundance, habitat preference, and identification are discussed here. Species
in all families are predators, except Corixidae. which mostly feed on algae and detritus. In
addition, species in five families of semiaquatic Hemiptera have been collected and will be
treated in a subsequent publication. The usually riparian Gelastocoris oculatus (Fabricius,
1798) is also known to occur in Wisconsin from a female collected by C. E. Brown in
Milwaukee County in 1900 (Todd 1955), from one in the University of Wisconsin Insect
Collection collected in 1910 by A. C. Burrill and labeled "Rice L. Wis." (presumably
Barron Co.), and from two specimens collected by Dr. Walter Suter from the margin of a
pond in Kenosha County in 1970.
Most collections of aquatic Hemiptera were made in the last 15 years when I sampled
lentic and lotic habitats throughout the state. All specimens have been deposited in the.
University of Wisconsin Insect Collection. Not all that were captured were retained. When'
thousands of corixids were captured at a site, only about 300 representative individual~
were kept. Similarly, only 25 to 50 of easily recognized species of Notonecta or Plea were
retained from each site,
Most species appeared to have two generations each year in Wisconsin, reaching peak
abundance in late summer and early autumn. Except for Trichocorixa naias,
Hesperocorixa scabricula, the four species of Buenoa, and Notonecta borealis, all of
which apparently overwinter as eggs, most aquatic Hemiptera overwinter as adults. Their
numbers become somewhat depleted by spring and decline precipitously after mating and
oviposition in April or May. Individuals usually enter overwintering sites in September
and October, and many species that breed in shallow lentic habitats fiy to streams to
overwinter, congregating along the banks in areas with reduced current. Many collections
were made at such overwintering sites, but five or more lentic sites were also sampled in
every Wisconsin county during this IS-year period, some of them several times.
Collections made in the last 25 years are summarized in Table I. In this table the state is
divided into nine 8-county regions as depicted in Figure 1. From the total number of
insects collected in each region it will be noted that the sampling effort was not uniform,
and this must be considered when comparing numbers of a species collected from the
various regions. McKenna Pond, a shallow 0.8 ha pond in Dane County, is listed
separately in Table I because it was sampled at weekly or biweekly intervals throughout
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University of Wisconsin-Madison.
2Department of Entomology, University of Wisconsin, Madison, WI 53706.

Table 1. Numbers of each species of aquatic Hemiptera collected in nine areas of Wisconsin and McKenna Pond between 1962 and 1983 and
total number of collections.
North
West Cent East
BEWS1DMATIDAE
Belostoma flumineum
Lethocerus americanus
CORIXIDAE
Callicorixa audeni
Cenocorixa dakotensis
C. utahensis
Corisella edulis
C. tarsalis
Cymatia americana
Hesperocorixa atopodonta
H. kennicottii
H. laevigata
H.lobata
H.lucida
H. michiganensis
H. minorella
H.obUqua
H. scabricula
H. semilucida
H. vulgaris
Palmacorixa buenoi
P. gillette!
P. nana
Ramphocorixa acuminata
Sigara alternata
S. bicoloripennis
S. compressoidea
S. conocephala
S. decorata
S. decoratella
S. dejecta
S. dolabra
S. douglasensis

Central
West Cent East

122
29

53
19

43
11

75
9

117
8

96
3

135

303

299

9

4

2

420
46
4

5
1
122
5
152
154
4

151
142

24
24

South
West Cent East
133
3

162
13

I

1027 883 548
87 174 20
1
3
80
3 61
1
2
650 842 726
1673 1542 1639
91

10

479
6
2

184
5
11

19
659
104
252
3
43
96
142
17

203

30
1
192
9
9
23

388 323
91
41
527 195
3 125
21
5
45
84
20
23
8 22
36
13

250
5

4
5

15
69

125
1

379
6

9

5

49
5

72
7

1

306
34

166
14
86

4
I

67
243
55
452
3
2

19
13
3
10
350 394
50 24
4
2
1 22

613
83
74
9
31
54
19

778
36
268
54
67
98
56

13

13

490
62
7
56
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Figure I. Location of the nine 8-county areas of Wisconsin and number assigned to each county.

much of a 6-year period as part of another study. Lentic habitats in unglaciated areas of
western and southwestern Wisconsin are under-represented in the collections because only
hard-to-find man-made ponds or river-bottom ponds occur there.
Keys to adults of species that occur or may occur in Wisconsin follow a brief discussion
of each family. Reference to a recent revision of each family is also cited to provide
supplemental illustrations and keys to species. Lengths were measured from the front of
the head to the tip of the hemelytra, and literature values were used for species not
collected. The distribution, abundance, habitat preference, and identification of each
species that was collected is discussed separately. Each Wisconsin county has been
numbered, generally from northwest to southeast (Figure I), to facilitate listing of county
records.
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BELOSTDMATIDAE
Three species of "giant water bugs," have been collected in Wisconsin, and a fourth,
Belostoma lutarium (Stal, 1856), may occur in southern Wisconsin. This species is found
regularly in southern Illinois and there is one record from southeastern Michigan. All of
the species breed primarily in lentic habitats, but frequently are collected in late autumn
and early spring from overwintering sites along stream banks. Because all species are
attracted to lights, they are sometimes called "electric light bugs". All species that occur
in eastern North America can be identified by
by Lauck (1964) and Menke
(1963).
Key to Species of Belostomatidae in Wisconsin
I.
I' .
2(1).
2' .
3(1 ').
3'.

Length 18-25 mm....................................... Belostoma 2
Length more than 45 mm......... . ..................... Lethocerus 3
Belostoma: Dense pile of fine setae extending to mesal edge of lateral abdominal
sternites and extending onto mesal sternites; scutellum distinctly longer than
hemelytral commisure; length 20-24 mm ................... B. ftumineum
Dense pile of fine setae on lateral abdominal sternites separated from middle
sternites by a narrow strip devoid of setae; scutellum about as long as hemelytral
commisure; length 18-24 mm .............................. B. lutarium
Lethocerus: Profemur grooved to receive protibia; head and pronotum uni
colorous; length 47-60 mm.............................. L. americanus
Profemur flat on inner margin; a pale stripe extends from between eyes onto
pronotum; length 54-65 mm. . .............................. L. griseus

Belostoma ftumineum Say, 1831
Distribution and Abundance: Common throughout Wisconsin. County records: 1-8,
10, 12-72.
Habitat: It breeds in all types of shallow, weedy ponds and flies to streams to
overwinter under the banks.
Identification: Very similar to B. lutarium, but it can be separated with certainty from
this southern species by the dense pile of setae on the lateral sternites that completely
covers these sternites, except for the lateral edge, and even extends onto the middle
sternites. In B. lutarium there is a distinct bare strip mesally between the pile and the
middle sternites.
Lethocerus americanus (Leidy, 1847)
Distribution and Abundance: Generally uncommon, but apparently more common in
northern Wisconsin than in the south. County records: 1-15, 18-19,23-25,27,30-31.
36, 38-39, 41-42, 47, 50, 52, 54, 57-58.
Habitat: It breeds primarily in lentic habitats
from small ponds to lakes. It
overwinters in deep lentic habitats or flies to streams.
Identification: Nymphs as well as adults can be identified by their very large size and
the grooved inner
of the I'''HC:IHUl
Lethocerus griseus (Say, 1832)
Distribution and Abundance: Rare. I have not collected this species, but there are
nine specimens in the University of Wisconsin Insect Collection, all of them from Dane
County.
Habitat: I suspect that this southern
inhabits
waters of large ponds and
littoral zones of lakes, making it almost impossible to capture with an aquatic net.
Specimens in the collection were probably captured at lights.
Identification: The pale stripe between the eyes and extending onto the pronotum is
quite distinctive. The broad, flat, inner margin of the profemur is conclusive.
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CORIXIDAE
"Water boatmen" are the most abundant aquatic Hemiptera in Wisconsin and have the
greatest diversity of species. Forty-nine species have been collected, and with additional
collecting a few more may be found. They inhabit all types of lentic and slow lotk
habitats, but do not venture into the swift currents of streams. Almost all species are able
to fly, and most do so frequently during the warmer months. Most species that breed in
shallow lentic habitats fly to larger bodies of water, especially to slow streams, to
overwinter. Taking advantage of this, about 22,000 corixids were collected in Wisconsin
and identified between 1962 and 1968, mostly from streams in late autumn. Their
distribution and abundance was reported and keys to Wisconsin specics and notes on
identification were provided (Hilsenhoff 1970).
Since 1968 an additional 24,000 corixids were collected in Wisconsin and identified.
Unlike previous collections that came mostly from streams, many of these corixids were
collected from lentic habitats. Cymatia americana was the only species that had not been
found previously, but much knowledge was gained about probable breeding sites. Several
species were found to be more common than previously reported, especially those species
that breed in lentic habitats and rarely fly to streams to overwinter.
By using the key below it should be possible to identify all species of Corixidae likely
to occur in Wisconsin. Males can be idcntified positively by using secondary sexual
characters, all of which are thoroughly illustrated by Hungerford (1948) in his monu
mental monograph on the Corixidae of the Western Hemisphere, or by Sailer (1948) as
part of this monograph. Females, which average about 7% longer than males, are
occasionally difficult to identify. Figure 2 illustrates morphological structures used in
identification of this difficult family.
Key to species of Corixidae in Wisconsin
1.
l' .
2(1 I).

2'.
3(2').
3'.
4(3'),
4'.
5(4).

5'.
6(5').

6'.

Rostrum without transverse grooves; pronotum without transverse dark bands;
length 6.5-8.2 mm ................................ Cymatia americana
Rostrum with transverse grooves: pronotum with transverse bands, although they
may be indistinct ................................................. 2
Entire hemelytral pattern effaced; palar claw serrate at base; vertex of male
acuminate; length 5.3-6.0 mm.................. Ramphocorixa acuminata
Hemelytral pattern distinct, although limited areas may be effaced ....... 3
Small shining corixids, male with sinistral asymmetry; apex of clavus not. or
scarcely exceeding a line drawn through costal margins at nodal furrows , .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , .......... Trichocorixa 10
Male asymmetry dextral; apex of clavus plainly exceeding a line drawn through
costal margins at nodal furrows.,..... . .......................... , 4
Markings on clavis transverse, those on corium transverse. longitudinal. or
reticulate; dark areas predominate . . . .. .............. ' .. ', ........ , 5
Markings on clavus and corium narrow and broken, usually open reticulate with
many interconnections; light areas predominate or equal dark areas in prominance
...................... , ......................................... 7
Pruinose area at base of claval suture short and broadly rounded at apex, about 2/3
as long as postnodal pruinose area; prothoracic lobe truncate............ .
. . .. . ............................................ Hesperocorixa 14
Pruinose area at base of claval suture narrowly rounded or pointed at apex and
almost as long as postnodal pruinose area; prothoracic lobe rounded ..... 6
Corial pattern transverse with little contrast between dark and light markings;
male strigil absent; mesoepimeron slightly wider than prothoracic lobe and with
scent gland osteole near tip; metaxyphus slightly longer than wide; length 6.5-8.1
mm .................................................. Callicorixa 26
Corial pattern longitudinal, reticulate, or transverse, with light and dark markings
usually contrasting; male strigil present ....................... Sigara 27
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Figure 2. Hesperocorixa ob/iqua (modified from Hungerford 1948), k Dorsal view of male. B.
Ventral view of male, C. Lateral view of female. D, Prothoracic leg of male.
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Rear margin of head sharply curved, embracing an unusually short pronotum;
interocular space much narrower than width of an eye ..... Palmacorixa 51
7'.
Rear margin of head gently curved; interocular space about equal to width of an
eye ......................................................... 8
8(7'). Prothoracic lobe tapering to a narrowly rounded apex; dark marks on anterior of
clavis very narrow, often obscure .......................... Corisella 53
8'.
Prothoracic lobe truncate at apex.; dark marks on anterior of clavis distinct
................................................................ 9
9(8'). Postocular space broader than antenna; anterior distal angle of prothoracic lobe
produced and turned inward; length 7.6-9.2 mm ....... Dasycorixa hybrida
9'.
Postocular space narrower than antenna; apex of pro thoracic lobe squarely
truncate; smaller, less than 8.3 mm long ................. Cenocorixa 54
10(3). Trichocorixa-Male strigH small and round; nodal furrow of female absent or at
apex of embolar groove. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... II
10'.
Male strigil elongate; nodal furrow dividing embolium of female. . ... 12
11 (10). Length of pronotal disc 112 or more its width; length 3.4-4.6 mm ...... .
· ......................................................... T. naias
Length of pro notal disc about 114 its width; extremely small, length 2.8-3.2 mm
11'.
· ..................................................... T. macroceps
12(lO').Male strigil noticeably widened in region of bend to equal width of mesotarsus;
length of apical area of embolar groove of female exceeding length of mesotarsus;
length 4.1-5.2 mm ........................................ T. borealis
12'.
Male strigil not noticeably widened near bend and distinctly narrower than
mesotarsus; length of apical area of embolar groove of female less than that of
mesotarsus ................................................. . ... 13
13(12'). Strigil of male extremely narrow, little more than a heavy dark line: only fine
pubescence on right side of seventh abdominal sternum of female; length 3.9-5.3
mm ........................................................ T.calra
13'.
Strigil of male 8-10 times as long as wide; 2 or 3 patches of bristle-like setae on
right side of seventh abdominal sternum of female; length 4.5-5.5 mm ..
· ......................................................... T. kan::a
14(5). flesperocorixa-Mesoepimeron at level of scent gland osteole as broad or
broader than lateral lobe of prothorax. . . . . .. . ...................... 15
14' .
Mesoepimeron plainly narrower than lateral lobe of prothorax .......... 19
15(14). Tip of metaxyphus broadly truncated: length 7.9-9.2 mm .... fl. kellllicottii
15'.
Tip of metaxyphus pointed ....................................... 16
16(15'). Mesoepimeron at level of scent gland osteole equal to width of prothoracic lobe;
length 8.3-9.9 mm .................................... fl. atopodoma
16'.
Mesoepimeron at level of scent gland osteole distinctly wider than prothoracic
lobe; less than 8.1 mm long ...................................... 17
17(16').Two stout spines dorsally on metafemur: length 6.7-7.8 mm ....... .
· . . . . . . . . . . . . . . . . . . . .. .............. . ............... fl. millorella
17' .
Many spines dorsally on metafemur . .. .. . .. . .. . .. .. .. . .. .. ... ... . 18
18(17').Corial pattern crossbanded; length 6.4-7.9 mm .......... fl. michigallensis
18'.
Corial pattern longitudinal; length 7.0-8.1 mm ............. II. semilucida
1904').Pronotum short, less than half as long as wide; length 9.7-12.7 mm .....
. . . . . . . . . . . . . . . . . .. . ................................. fl. scabricula
19' .
Pronotum more than half as long as wide ........................... 20
20(19').Pattern of corium effaced laterally; length 8.5-9.6 mm ......... fl. lucida
20'.
Pattern of corium not effaced ...................................... 21
21 (20'). Corium and membrane separated by a coalescing of pale figures ....... 22
21 !.
Corium and membrane not separated by a coalescing of pale figures.. .23
22(21). Interocular space almost equal to width of an eye; metaxyphus as broad as long;
male pala rounded apically; length 9.5-10.6 mm.............. . fl. lobata
22' .
Interocular space much narrower than width of an eye; metaxyphus longer than
broad; male paJa truncated apically; length 9.0-11.0 mm..... fl. interrupta
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23(21 '). Metafemur with a row of about 10 spines ventrally on posterior distal margin;
small, length 8.0-9.2 mm .................. , . , , .... , . , , . , , , . H, nitida
23'.
Metafemur with a row of 4 to 7 spines ventrally on posterior distal margin; large,
more than 9,2 mm long . , . , , , , ...... , .. , ... , ... , , .. , . , , .. " "'" 24
24(23 '). Pronotum nonrastrate; hemelytral pattern somewhat reticulate; length 9.4-10.7
mm .. , ....... , ............ , ... , , ....... , ........... , , . H, laevigata
24'.
Pronotum rastrate; hemelytral pattern not reticulate ..... , ....... , , , . .. 25
25(24'). Male pala concave apically; usually with a row of 4 spines ventrally on posterior
distal margin of metafemur; length 9.3-10.4 mm, .. ",."", ,H, vulgaris
25'.
Upper distal angle of male pala acutely, obliquely produced; usually with a row of
5 spines ventrally on posterior distal margin of metafemur; length 9.4-10.3 mm
· . , . , , , , , , , , , , .... , . , , , , , , , , . , , , , . , , . , , . , . , , . , , . , ... , .. ,H, obliqua
26(6). Callicorixa-First metatarsal segment unicolorous; length 6.5-7.8 mm,. , , .
, , . , ......... , , ......... , ... , ... , ......... , ... , . . . . . . .. ,C. audeni
26'.
First metatarsal segment infuscated on distal third; length 6.9-8.1 mm.
· ............. , .................... , ............ , ..... C. alaskensis
27(6'), Sigara-Pronotum with a median pale longitudinal line ............... 28
27',
Pronotum without a median pale longitudinal line , ... , . , , . , . , .... , ... 33
28(27), Tip of mesoepimeron as close or closer to scent gland osteole than to mesoster
num. , ... , . , , , , " ... , , , , , , ..... , .. " .... , ...... , ........... , ...... 29
28',
Scent gland osteole remote from tip of mesoepimeron, farther than distance from
tip to mesosternum .. , . . . . . . . . . . . . . . . . ....................... , .. 31
29(28), Hemelytra mostly black with wide pale markings that are transverse on davis and
somewhat longitudinal on corium; male paJa tbickened, with prominent keel on
outside; length 5.7-6.6 mm, ......... ". , .. " , , . , " . , ... , , , " "S. variabilis
29'.
Markings on hemelytra narrower and arranged differently .... , ......... 30
30(29').Male pala with strongly arched single row of pegs; female with anal lobes not
notched on inner margin; length 6.3-7.2 mm ................ S. johnstoni
30'.
Male pala with 2 rows of pegs; female with anal lobes notched on inner margin;
length 5.4-6.5 mm ......... , .. ' .................. , ........ S. kllighti
31(28').Pronotum and hemelytra boldly cross-barred; vertex produced beyond eye curve
in both sexes; length 5.5-5,8 mm ....... " .... , .... , .... S. transfigurata
31' .
Pattern less striking; vertex not noticeably produced ............... , . , . 32
32(31 '). ?dttern of membrane effaced or indistinct; pale figures on corium and davis
transverse; lengtb 5.2-5.8 mm ....... , ... , .. , ......... S. compressoidea
32',
Pattern of membrane usually distinct; pale figures on corium and distal half of
davis arranged more or less longitudinally; length 5.0-6.3 mm ..... , ....
. . . . . . . , .......................................... ,S. mackillacensis
33(27'). Large species, males greater than 6.8 mm long, females greater than 7.3 mm long
... ",., ... , .. ,"',.'" .... , .. " ... ,""",.,.,.,.,' "",., ..... 34
33',
Small species, males less than 6.7 mm long, females less than 7.2 mm long
.... ".,.,",., ..... , " " " " " ' , .. , .. ,",.,""', .. , ..... ,.,., 37
34(33), Metaxyphus broad, truncated or notched at tip; length 8,1-9,5 mm."., '.'
· , , , .. , , .. , , . , , .. , ... , " ",.,""',.,""",.,',', .... S, decorata
34',
Metaxyphus pointed apically .. " .. ,. , , . , , , .. , , , , , , . , , . , . , .. , , , . , , , . 35
35(34'),Palae of botb sexes with only 14-16 lower palmar hairs; pale marks on corium
distinctly transverse, length 6,9-8,2 mm, . , , .. , .. , . ' , ... ' , ,S, decoratella
35'.
Palae with 18-22 lower palmar hairs; pale mark> on corium never distinctly
transverse, but at least somewhat longitudinal, , .. , , , , , , , , .. , , , . , , . , , ,36
36(35 '). Interocular space plainly narrower than width of an eye; pale marks on corium and
distal half of davis arranged in a definite longitudinal series; lengtb 6,9-7 ,9 m~
... , . , , .. , , , . , .. , , , , , , , , , , , , , , , , , . , , , , , , , , , , , , , , , , , . , . S. pelllllensls
Interocular space equal to width of an eye; pale marks on davis and some on
36'.
corium transverse; length 7.3-8.5 mm .. , , , , , , , , , .. , ... , . S, conocephala
37(33'),Small, less than 4,6 mm long; two black longitudinal stripes on corium; length
3,8-4,6 mm .... , , , , . , , .. , . .. .,', .. ,.,"', .. " .. ,""" .. S, lineata
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Larger, more than 4.6 mm long; if less than 5.0 mm long, without longitudinal
stripes on corium ................................................ 38
38(37'). Metaxyphus much longer (from widest point to tip) than wide... . . .. .39
38'.
Metaxyphus short, at most as long as wide ......................... 42
39(38). Clavus and corium with pale lines in a wavy longitudinal series; length 5.2-5.9
mm ................................................. S. douglasensis
39' .
Markings on clavus and corium not in a wavy longitudinal series ...... 40
40(39'). Mesoepimeron at level of scent gland osteole about equal in width to prothoracic
lobe; length 6.0-6.8 mm........... . ...................... S. dolabra
40' .
Mesoepimeron at level of scent gland osteole much broader than width of
prothoracic lobe..................................... . ........... 41
41(40').Dark. with little contrast bctween light and dark marks; pale bands on base of
clavus more or less broken and confused; dorsal surface of metafemur with 2 or 3
rows of pegs; length 4.5-5.3 mm .......................... . S. signata
41'.
Hemelytral pattern bold; pale bands on base of clavus entire, bands on corium
plainly transverse; dorsal surface of metafemur with only 3 or 4 pegs; length
4.8-5.8 mm....................... ....... . ............. S. solensis
42(38'). Scent gland osteole nearer base of mesoepimeron than tip...... . ..... 43
42' .
Scent gland osteole near tip of mesoepimeron .... . ................. 46
43(42). Corium with 3 longitudinal dark stripes; length 5.1-{i.0 mm .. . S. trilineata
43'.
Corium without longitudinal dark stripes ............................ 44
44(43'). Head with median longitudinal brown line; mesoepimeron with deep incision at
or near lateral bend; length 4.8-5.6 mm . . .. . ............. S. mathesoni
44'.
Head without line; mesoepimeron without deep incision near lateral bend ..
..................... .. .. ................... ... .......... . 45
45(44').Osteole almost in lateral bend of mesoepimeron, at least 4/5 from tip; metaxyphus
with a truncated tip; length 4.8-5.9 mm .. . ........... S. grossolineata
45'.
Osteole not so close to lateral bend, 112-3/5 from tip; metaxyphus with a rounded
tip; length 4.6-5.7 mm. . ................................. S. modesta
46(42'). Corium with 3 bold, uninterrupted, longitudinal black stripes; male pala with 2
rows of pegs; anal lobes of female only very slightly notched on inner margin;
length 5.5-6.8 mm . . . . . . . . .. . ........................ S. mullettensis
46'.
Corial pattern transverse or indistinctly longitudinal; male pal a with one row of
pegs; if corial pattern is somewhat longitudinal, anal lobes of female distinctly
notched on inner margin ........................................ .47
47(46'). Pattern of membrane, and usually also inner basal angle of clavus, effaced or
obscure; small, length 4.6-5.6 mm .......................... S. hubbelli
47'.
Pattern of membrane and clavus distinct; at least 5.2 mm long ........ 48
48(47').Pronotum crossed by 5 or 6 dark bands; length 5.2-5.9 mm ........... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. macropala
48'.
Pronotum crossed by 8 or 9 dark bands ............................ 49
49(48'). Corium with 3 more or less distinct dark longitudinal bands; pala of male with
pegs becoming widely separated distally; anal lobes of female notched on inner
margin; length 5.4-6.8 mm ................................. S. dejecta
49'.
Corium without 3 dark longitudinal bands; pegs of male pala evenly spaced; anal
lobes of female not notched on inner margin ........................ 50
50(49').Metaxyphus short, rounded apically; length 6.0-6.9 mm . . S. bicoloripennis
50'.
Metaxyphus about as long as wide, pointed apically; length 5.9-7.2 mm ..
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ........ S. alternata
51(7). Palmacorixa-Pronotum with well marked anterolateral depressions; male pala
very broad, almost disc-like, with poorly defined pegs; length 5.1-5.9 mm
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ................ P. gillettei
51'.
Anterolateral depressions on pronotum weak or absent; male pal a elongate .
............ ................................. ............... . 52
52(51'). Mesofemur of male with a longitudinal row of pegs on ventral surface; female less
than 5.2 mm long; length 4.4-5.2 mm ......................... P. nana
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52'.

Mesofemur of male without a row of pegs; female 5.4 mm or longer; length
4.9-6.5 mm.............................................. P. buenoi
53(8). Corisella-Less than 7.0 mm long; metatarsus embrowned; length 5.7-6.9 mm
. . . . . . . . . . . . . .. ................................... . ... C. tarsalis
53' .
More than 7.0 mm long; metatarsus pale; pattern of clavus effaced at inner, basal
angle; length 7.1-8.5 mm ........................... ., .. .... c. edulis
54(9'). Cenocorixa-Last metatarsal segment black or dark brown; metafemur pubescent
for about 1/3 its length; length 7.5-8.0 mm ............... C. dakotensis
54' .
Last metatarsal segment pale; metafemur pubescent for at least 40% of its length
.............................................................. 55
55(54'). Shining costal area just anterior to nodal furrow longer than mesotarsus; peg row
of male pala divided; length 6.8-8.0 mm...................... C. bijida
55' .
Shining costal area just anterior to nodal furrow equal to mesotarsus in length; peg
row of male pala entire; length 6.8-8.3 mm ................ C. utahensis

Callicorixa audeni Hungerford, 1928
Distribution and Abundance: Common northern third, rare central third, absent
southern third. County records; 1-24, 26--30. 35, 37. 41, 47.
Habitat: It probably breeds in ponds and swamps, mostly in wooded areas, and often
flies to larger streams in autumn to overwinter.
Identification: The black prothoracic lobe is distinctive, but some, especially teneral
individuals, lack this feature. Males are distinctive, having no strigH and two rows of pegs
on the pala. Females most resemble Sigara alternata. which may have a smokey
prothoracic lobe, but C. audenl can be identified by their longer. more acutely pointed
metaxyphus, a slightly wider mesoepimeron, and a distinct widening of the hemelytra at
the nodal furrow.
Cenocorixa dakotensis (Hungerford, 1928)
Distribution and Abundance: Very rare. Two females have been collected, one from
L. Minnesuing in Douglas Co. 20 Nov. 1968 and the other from McKenna Pond in Dane
Co. 17 Apr. 1978.
Habitat: It probably breeds in lakes.
Identification: The dark last metatarsal segment separates it from other Cenocorixa in
this region.
Cenocorixa utahensis (Hungerford, 1925)
Distribution and Abundance: Rare. A male was collected from L. Nebagamon in
Douglas Co. 20 Nov. 1968 and four males and a female were collected from a shallow,
open. mud-bottomed pond in Manitowoc Co. 20 Apr. 1983.
Habitat: It probably breeds in lakes.
Identification: Males can be separated from C. bijida by the uninterrupted peg row of
the pala. Females have a shorter costal area anterior to the nodal furrow.
Corisella edulis (Champion, 1901)
Distribution and Abundance: Rare statewide, mostly found in southwest third,
County records: 5, 42, 53-54, 58, 60-62, 64.
Habitat: All collections were from open lentic habitats in autumn, suggesting that it
breeds in such habitats.
Identification: The larger size, effaced base of the davis, and the pale metatarsi
separate C. edulis from the more common C. tarsalis.
Corisella tarsalis (Fieber, 1851)
Distribution and Abundance: Generally uncommon southern half, rare north. County
records: 16, 24, 46--47, 50, 53, 58. 60-61, 67-68, 71-72.
Habitat: It apparently breeds in open ponds, especially in agricultural areas, and only
occasionally flies into streams.
Identification: The small size and infuscate metatarsus distinguish it from C. edulis.
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Cwnatia americana Hussey, 1920
Distribution and Abundance: Rare. Six individuais have been collected from four
ponds. County records: 42, 46, 61.
Habitat: It apparently breeds in shallow, open ponds.
Hesperocorixa atopodonta (Hungerford, 1927)
Distribution and Abundance: Abundant northern three-fourths. common southern
fourth. County records: 1-72.
Habitat: It probably breeds in all types of lentic habitats, and frequently overwinters in
streams.
Identification: A mesoepimeron that is the same width as the prothoracic lobe and a
conspicuous V-shaped yellow band bordering the apex of the corium readily separate it
from other Hesperocorixa. The elongate metaxyphus separates it from similarly sized
Sigara.
Heoperocorixa interrupta (Say, 1825)
Distribution and Abundance: The only Wisconsin record is a male collected at Beaver
Dam (Dodge Co.) by W. E. Snyder in 1909 (Hungerford 1948). This southern species
may no longer occur in Wisconsin.
Identification: While similar to H. Zobata, it can be separated from that species by its
narrower interocular space and longer, more pointed metaxyphus. Males have a truncate
pala that differs markedly from the rounded pala of H. lobara. and they also have an
elongate and large strigil. Characters in the key separate it from the smaller H. nitida.
Hesperocorixa kennicottii (Uhler. 1897)
Distribution and Abundance: Fairly-common most areas, but apparently absent from
counties bordering on L. Michigan. County records: I, 3-10, 12-18, 20-21, 26, 28,
33-37, 39, 41-42, 44, 50-53, 55-58, 60-62, 67.
Habitat: It probably breeds in ponds. Most were collected from overwintering sites in
larger streams.
Identification: The golden-brown membrane almost devoid of markings, the wide pale
mesoepimeron, and the truncate or broadly rounded metaxyphus easily separate H.
kennicottii from other large corixids.
Hesperocorixa laevigata (Uhler, 1893)
Distribution and Abundance: Rare statewide. County records: 7. 24, 36-37. 44, 46.
58, 60-61.
Habitat: It was collected in spring and autumn from ponds and margins of slow
streams, but none were collected during the breeding season.
Identification: The somewhat reticulate pattel11. and non-rastrate pronotum distinguish
it from other Hesperocorixa.
HesperocorLw lobata (Hungerford, 1925)
Distribution and Abundance: Uncommon northern third. absent elsewhere. County
Records: 1-8. 12-13, 15, 18, 20, 22, 25-27.
Habitat: It apparently breeds in larger ponds and small lakes, and rarely enters streams
to overwinter.
Identification: Separation from H. interrupta is discussed under that species, but their
distribution does not overlap. No other large Hesperocorixa has
coalescing along
the edge of the membrane, although in H. atopodonta the membrane is bordered in
yellow.
HesperocorLr.a lucida (Abbott, 1916)
Distribution and Abundance: Rare statewide. County records: 1, 15, 32, 56, 58.
Habitat: Except for a female collected from a pond in mid-October, all were collected
from margins of large rivers in autumn or spring.
Identification: The lack of markings on the davis and effaced markings of the corium
are distinctive.
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Hesperocorixa michiganensis (Hungerford, 1926)
Distribution and Abundance: Abundant north, much less so farther south, rare
southeast. County records: 1-21,23-44,4647,50-53,55-59,61,63-64,67,70-71.
Habitat: It overwinters mostly in larger streams where it can be collected in numbers in
autumn and spring. Summer collections indicate that it breeds in a variety of ponds,
especially those in open areas.
Identification: The wide, very pale mesoepimeron, elongate metaxyphus, and distinct
transverse pale markings on the hemelytra separate this species from all others of similar
size.
Hesperocorixa millorella (Hungerford, 1926)
Distribution and Abundance: Abundant north, much less common central, uncom
mon south. County records: 1-41, 43-44, 46-47, 49-53. 57-59, 61, 64··65, 67.
Habitat: Summer collections indicate it breeds in swamps and a wide variety of ponds.
It overwinters mostly in larger streams.
Identification: The dark coloration, broad dark mesoepimeron, long metaxyphus, aud
two spines on the dorsal surface of the metafemur readily identify it.
Hesperocorixa obliqua (Hungerford, 1925)
Distribution and Abundance: Uncommon southern third, absent elsewhere. County
records: 53-54, 58, 60-62, 64, 71-72.
Habitat: All collections have been from ponds and margins of lakes. It apparently
breeds in shallow ponds and does not overwinter in streams.
Identification: The acute and obliquely produced upper distal angle of the male pala is
distinctive, but females closely resemble H. vulgaris. The pale transverse lines of the
corium are shorter and broader in H. obliqua, and seldom traverse the entire corium, while
the longer lines in H. vulgaris extend entirely across the corium in the basal third. Almost
all have a row of five spines ventrally on the posterior distal margin of the metafemur.
Hesperocorixa scabricula (Walley, 1936)
Distribution and Abundance: Fairly-common statewide. County records: 1-8, 11, 15,
18, 20-21, 23-36, 42, 46, 48, 52-53, 58, 60-61. 64, 68.
Habitat: It breeds in large ponds and small lakes. and does not fly to streams to
overwinter. Except for two females collected in April 1983, after au exceptionally mild
winter, all collections were made between 28 June and 4 November. Seventy percent of all
individuals were collected in September and October. In July and August males slightly
outnumbered females, but in September females outnumbered males 9 to 2 and in October
and November they outnumbered males 30 to I. I suspect that this species mates in late
summer, oviposits in September and October, and overwinters primarily in the egg stage.
Identification: The combination of its very large size aud very short pronotum readily
distinguish this species.
Hesperocorixa semilucida (Walley, 1930)
Distribution and Abundance: Uncommon southern half, mostly found southwest.
County records: 23, 38-39, 41, 48, 51, 54-56, 63, 71.
.
Habitat: It overwinters in larger rivers. Some were collected from ponds in spring, but
none were collected during the summer.
Identification: In size, and in the shape of the mesoepimeron and metaxyphus, it
resembles H. millorella and H. michiganensis, but the longitudinal arrangement of
markings on the corium and clavis readily separate it from those species.
Hesperocorixa vulgaris (Hungerford, 1925)
Distribution and Abundance: Abundant south, common north. County records: 1-72.
Habitat: It breeds in a variety of shallow ponds and overwinters either in these ponds or
in larger streams.
Identification: The concave apex of the male pal a is distinctive. Females can best be
separated from other large Hesperocorixa with a narrow mesoepimeron by the very
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narrow and long transverse pale marks of the corium. Almost all have a row of four spines
ventrally on the posterior distal margin of the metafemur.
Palmacarixa buena! Abbott, 1913
Distribution and Abundance: Rare north, fairly-common east and southeast, uncom
mon farther west. County records: 1, 4-6, 12-14, 20-21. 24, 2S-29, 34-43, 49-50,
52-53, 55-58, 61-62, 64-66, 71-72.
Habitat: It inhabits permanent ponds and margins of lakes and streams. probably
breeding and overwintering in the same habitat.
Identification: Females are difficult to separate from P. nana and some cannot be
identified with certainty. P. buena! females are larger (5.4-6.5 mm) than those of P. nana
« 5.2mm), but there is some size overlap. The dark base of the pronotum is usually wider
than in P. nana and the pronotum lacks the strong antem-Iateral depressions found in P.
gillettei.
Palmacarixa gillettei Abbott, 1912
Distribution and Aundance: Quite rare statewide. County records: I, 7, 9, II, 13-14,
IS, 21, 35, 3S, 41, 48, 53-54, 60-62. 67.
Habitat: It has been collected only from streams, which it apparently uses as a breeding
and overwintering site.
Identification: Males are easily identified by their dilated and flattened palaeo The
strong antero-Iateral depreSSion of the pronotum and its wide, dark posterior border
distinguish females.
Palmacarixa nana Walley, 1930
Distribution and Abundance: Uncommon statewide. County records: 12, 14-15,
17-1S, 21. 30, 33, 41, 45-48, 53, 61, 66, 68, 70.
Habitat: It was collected mostly from margins of streams, but was also found in
permanent ponds. It probably breeds and overwinters in the same site.
Identification: The row of pegs on the mesofemur separates males from those of P.
buena!, and females generally ean be separated from P. buena! by the very narrow, often
interrupted, dark posterior border of the pronotum and by their smaller size (less than 5.2
mm).
Ramphocorixa acuminata (Uhler, 1897)
Distribution and Abundance: Rare, with collections from ponds in only three
southern counties. County records: 50, 61, 72.
Habitat: It probably breeds in ponds in open areas.
Identification: The effaced pattern of the clavis and corium separate it from all other
small Wisconsin corixids. The male is also recognizable because it has an acuminate
vertex.
Sigara alternata (Say, 1825)
Distribution and Abundance: Abundant southern two-thirds, common north. Countv
records: 1-72.

Habitat: It breeds in shallow, open ponds and frequently flies to streams to overwinter.
Identification: The pointed metaxyphus forms an angle of about 70° at the tip. This. the
alternate dark and pale transverse markings on the davis, and the interconnected
transverse pale marks in the middle of the corium that leave longitudinal dark bands
laterally, separate it from other species with a naITOW mesoepimeron.
Sigara bicoloripennis (Walley, 1936)
Distribution and Abundance: Fairlv-common northern three-fourths. rare southern
fourth. County records: 1-9. 12-18.20--21. 24-29. 34-37. 39-41. 43.46.49-55, 5S.
61, 67, 70-72.
Habitat: It apparently breeds in shallow. open ponds and flies to larger streams to
overwinter.
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Identification: The very short, rounded metaxyphus, and the broader and elongate
transverse pale marks on the corium distinguish it from S. alternata. and from S. dejecta,
which has very short pale marks.

Sigara compressoidea (Hungerford, 1928)
Distribution and Abundance: Common northern half, uncommon south. County
records: 1-18, 20-22. 25, 27--41, 48, 57, 61, 64, 67, 70, 72.
Habitat: It apparently breeds in ponds and other lentic habitats, and overwinters mostly
in streams.
Identification: The pale longitudinal line on the pronotum and the effaced membrane
are distinctive. It could be confused only with S. mackinacensis, but lines on the basal
third of the davis are mostly entire and not zig-zag, and the corial pattern is transverse and
not longitudinal.
Sigara conocephala Hungerford, 1926
Distribution and Abundance: Fairly-common east, especially northeast, uncommon
to rare elsewhere. County records: 1,4,7,9, I L 13, 17-18,25.28,37,40,44,47-51.
58-59, 61.
Habitat: It probably breeds in ponds and overwinters mostly in streams.
Identification: The large size and produced vertex of the male are distinctive. The
unusually long palae separate females from other large Sigara.
Sigara decorata (Abbott. 1916)
Distribution and Abundance: Fairly-common most areas. County records: I, 3--4.
6-8.10-12,14.16,18,20,24--25,28-30,33-37,39,41--42,44, 46--47, 50-58,61-65,
67, 71.
Habitat: It apparently breeds in ponds and small lakes and overwinters mostly in
streams and lakes.
Identification: The large size and broadly rounded to truncate metaxyphus readily
distinguish this species from other large Sigara.
Sigara decoratella (Hungerford, 1926)
Distribution and Abundance: Fairly-common statewide. County records: 1--4, 6-9,
11-15, 17-19, 21, 23-30, 34--42, 44, 46-58, 61, 63-65, 67, 70-72.
Habitat: It probably breeds mostly in ponds and overwinters in streams.
Identification: The distinctly transverse pale marks that almost completely traverse the
corium and the reduced number of lower palmer hairs distinguish S. decoratella from
Sigara.
other
Sigara dejecta Hungerford, 1948
Distribution and Abundance: Generally uncommon statewide. County records: 1--4,
6,8-9, 12-15, 17-18,21, 23, 25-26, 28-29, 34, 36-37, 39,41,44,48,50,52-53,
57-61, 64--65, 67, 69-72.
Habitat: It probably breeds in open ponds and overwinters in streams or lakes.
Identification: The male pala is distinctive. Females most closely resemble S. bi
coloripennis and S. mullettensis. Corial pale marks are distinctly transverse in S.
bicoioripennis and distinctly longitudinal in S. mullettensis; they are indistinctly longitu
dinal in S. dejecta. The anal lobes are distinctly notched mesally; they are only slightly
notched in S. mulletrensis and unnotched in S. bicoloripennis. S. hubbelli, which has not
been collected in Wisconsin, has the markings on the membrane obscure and almost
effaced.
Sigara dolabra Hungerford and Sailer, 1942
Distribution and Abundance: Quite rare extreme north, absent elsewhere. County
records: 1--4, 11-13, 15-19.
Habitat: It apparently breeds in ponds and overwinters in streams.
Identification: The very long, pointed metaxyphus and a mesoepimeron as wide as the
prothoracic lobe will distinguish this species from others of a similar size.
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Sigara douglasensis (Hungerford, 1926)
Distribution and Abundance: Fairly-common extreme northwest, occasional south to
central counties. County records: 1-\3, 15, 17-18, 22-23, 31, 36-37, 39--40.
Habitat: It appears to breed in ponds and swampy areas and overwinter in streams.
Identification: The wavy longitudinal lines on the clavis and corium are distinctive.
Sigara grossolineata Hungerford, 1948
Distribution and Abundance: Generally common statewide. County records: 1-9.
11-30, 33--48, 50-72.
Habitat: It breeds and overwinters along margins of streams and in spring ponds.
Identification: It is closely related to S. modesta (Abbot 1916), which has not been
collected in Wisconsin, but may occur in the south. In S. modesta the scent gland osteole
is only 1/2 to 3/5 from the tip of the mesoepimeron to the lateral bend, and not close to the
lateral bend as in S. grossolineata. Also, in S. modesta the dark pattern of the clavis is
effaced along the margin bordering the pronotum, while in S. grossolineata the lines may
become narrow, but they remain distinct.
Sigara johnstoni Hungerford, 1928
Distribution and Abundance: Uncommon to fairly-common northwest quarter. and in
some central counties. absent south and east. County records: 1,3-5,7-18.20.26-27.
29-34. 36-37.
'

Habitat: It apparently breeds in ponds and overwinters in larger streams.
Identification: It most closely resembles the smaller S. knighti, but in that species the
anal lobes of the female are notched and the male has a double peg row on the pala. A
distinctive characteristic of S. johnstoni is the slightly notched metaxyphus. In some
individuals the median pale line on the pronotum is obscure.
Sigara knighti Hungerford, 1948
Distribution and Abundance: Uncommon northern third. absent elsewhere. Count\'
'
records: \-2, 4, 6, 9, 11-14, 17-20, 30.
Habitat: It apparently breeds mostly in spring ponds, but may breed in other habitats. It
overwinters mostly in streams.
Identification: Males have two peg rows on their palae and females can be separated
from S. johnstoni and S. variabilis by their mesally notched anal lobes.
Sigara lineata (Forster, 1771)
Distribution and Abundance: Common to abundant statewide in large, sandbottomed
rivers; apparently absent from counties bordering L. Michigan. County records: 3. 7-16.
18-19, 21, 26, 29, 34, 36-37, 39, 41. 51. 53-55, 57-58, 60-61, 63, 66.
Habitat: It breeds and overwinters along margins of streams with a sandy substrate.
Identification: The very small size and striped hemelytra are distinctive.
Sigara mackinacensis (Hungerford, 1928)
Distribution and Abundance: Uncommon to fairly-common north and west-central.
absent east and south. County records: 1,3-15,17-19,21,27,29-33,36-37.
Habitat: It probably breeds in swamps or ponds and overwinters mostly in larger
streams.
Identification: The distinctly marked membrane separates it from S. compressoidea.
the only species with which it may be confused.
Sigara macropala (Hungerford, 1926)
Distribution and Abundance: Fairly-common northwest, northeast and west central.
but not found north central, east central, or south. County records: 1·4.8, 18,31. 34, 36.
Habitat: It breeds in lakes and large ponds, and overwinters in its breeding sites and
only occasionally in larger streams.
Identification: The large dorsal extension of the male paJa is distinctive. The reduced
number of black bars on the pronotum distinguishes it from similar species.
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Sigara mathesoni Hungerford, 1948
Distribution and Abundance: Fairly-common north, common south. County records:
1-4, 6-7, 9, 11-12, 15, 17-20, 24-28, 32. 34, 36-40,43, 45-47, 52-68, 70.
Habitat: It breeds in spring ponds and spring-fed streams, and overwinters in its
breeding sites or in larger streams.
Identification: The median brown stripe on the head and the deep incision at the lateral
bend of the mesoepimeron are distinctive.
Sigara mullettensis (Hungerford, 1928)
Distribution and Abundance: Fairly-common most of northern two-thirds, not found
southwest or in counties bordering Mississippi River. County records: 1-6,8-18,20-21.
24-25. 27, 29-30. 33-36. 38-39, 41. 44. 47-48, 59, 66-67.
Habitat: It apparently breeds in ponds and overwinters mostly in streams.
Identification: The double peg row of the male pala separates it from similar species.
Females could be confused with S. dejecta. which also tends to have a longitudinal corial
pattern, but in that species the anal lobes are distinctly notched mesally. They are only
slightly notched in S. mullettensis.
Sigara penniensis (Hungerford, 1928)
Distribution and Abundance: Uncommon northern two-thirds, generally absent from
southern third. County records: 1.3-8, 11-13. 15, 17-18,21, 24, 30-33, 37-38, 66.
Habitat: It probably breeds in ponds and overwinters mostly in larger streams.
Identification: The large size, narrow interocular space, and longitudinal arrangement
of the coria! markings separate it from other Sigara.
Sigara signata (Fieber, 1851)
Distribution and Abundance: Common northern two-thirds. rare southern third.
County records:
27-41, 47, 58.
.
Habitat: It breeds
bogs, swamps. ponds, and a variety of lentic habitats, and
overwinters mostly in streams.
Identification: The small size, long metaxyphus, and dark coloration make this
easy to recognize.
Sigara solensis (Hungerford, 1926)
Distribution and Abundance: Abundant east central, fairly-common elsewhere.
except rare southwest. County records: I, 3-18, 21, 24-26. 28-30, 34-35, 37-44,47-48,
51, 55, 57, 59, 61. 64-67, 70.
Habitat: It apparently breeds in spring ponds and small lakes, and overwinters mostly
in larger streams.
Identification: The long metaxyphus, wide mesoepimeron, and three or four pegs on
the dorsum of the metafemur are distinctive.
Sigara transjigurata (Walley, 1930)
Distribution and Abundance: Very rare, restricted to the north. County records:
10-11. 16-17.
Habitat: It probably breeds in lakes and overwinters in them or in large streams.
Identification: The bold cross-bars, short pronotum, and somewhat produced vertex
are distinctive.
Sigara trilineata (Provancher, 1872)
Distribution and Abundance: Found statewide, often common. County records: 4,
7-8, 11-19, 21, 26-29, 32-39, 50, 54, 57-61, 64, 66.
Habitat: It breeds and overwinters in streams.
Identification: The bold longitudinal stripes on the hemelytra and wide mesoepimeron
separate it from other medium-sized Sigara.
Sigara variabilis (Hungerford, 1926)
Distribution and Abundance: Rare north, uncommon near Mississippi River. absent
southeast. County records: 1, 5, 13, 16, 24, 26, 33-34. 36-37, 51-52, 55.
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Habitat: It probably breeds in larger ponds and lakes, and overwinters in streams or its
breeding sites.
Identification: The wide pale bands on the corium distinguish it from similar species.
Females most resemble S. johnstoni, but have a slight mesal notch in the anal lobes and an
unnotched metaxyphus.

Trichocorixa borealis Sailer, 1948
Distribution and Abundance: Generally common east, mostly uncommon west and
north. County records: 3,7-8, 12, 15-16,24. 26, 29, 34--37, 39--44, 46--48, 50-61.
63-65, 67-72.
Habitat: It apparently breeds in lakes and ponds, and perhaps even along streams. It
overwinters mostly in streams and lakes.
Identification: The rather broad, elongate strigil of the male is widened at the bend, but
could be confused with the slightly narrower strigil of T. kama. Females are distinctive,
having a long postnodal pruinose area and a distinct outward projection at the anterior end
of the polished prenodal area.
Trichocorixa calva (Say, 1832)
Distribution and Abundance: Common south, absent north. County records: 24. 32.
36-37, 39--43, 46--48, 50-72.
Habitat: It probably breeds in ponds and sloughs and overwinters in streams.
Identification: The extremely narrow strigil of the male is distinctive. Females
resemble T. kanza, but lack patches of setae on the right side of the seventh abdominal
sternum.
Trichocorixa kallza Sailer, 1948
Distribution and Abundance: Uncommon to rare southern third, absent elsewhere.
County records: 39--40, 55-56, 61-62, 64.
Habitat: It probably breeds in ponds and overwinters in streams.
Identification: Males are very similar to T. borealis, but the strigil is narrower and not
distinctly widened at the bend. The two or three small and distinct patches of setae on the
right side of the seventh abdominal sternum of the female are distinctive.
Trichocorixa naias (Kirkaldy, 1908)
Distribution and Abundance: Fairly-common statewide. County records: 2-3. 6-7.
9-10, 12-19, 21, 23-26, 28-30, 33-36, 38--43, 45--48, 50-56, 58-72.
Habitat: It breeds in ponds and rarely flies to streams. Only two were collected before
mid-June, suggesting that this species may overwinter as an egg.
Identification: The absence of a postnodal pruinose area in the female and the small
rounded strigil of the male separate this species from other Wisconsin Trici1ocorixa.
Trichocorua macroceps, which has not been collected, is most similar, but it is smaller
and has a very short pronotum.
NAUCORIDAE
Only one species of "creeping water bug" has been found in Wisconsin, and it is
unlikely that any others will be found.

Pelocoris femoratus (Palisot de Beauvois, 18(5)
Distribution and Abundance: Uncommon southern Wisconsin, absent north. County
records: 36, 56-58, 61, 67, 71.

Habitat: It has been collected from spring ponds and backwaters or impoundments of
streams where it breeds. It apparently overwinters in its breeding sites or along margins of
streams.
Identification: The flat, oval shape, extremely broad profemur, and 8.2-10.2 mm size
range easily distinguish it from all other aquatic Hemiptera.
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NEPIDAE
There are only four species and two genera of "water scorpions" that occur in
Wisconsin, and only one species that is widespread and frequently encountered. All the
species live primarily in lentic habitats, but frequently fiy to larger streams to overwinter.
The family in North America was revised by Hungerford in 1922.
Key to species of Nepidae in Wisconsin

1.
1'.
2(1 ').
2' .
3(2').
3'.

Body oval, more than 1/3 as wide as long; length 16--19 mm .......... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nepa apiculata
Body slender, subcylindrical, stick-like; more than 23 mm long ........ .
.. .. .... . . . .. ... .. .. . ... . .. . . . .. . . .. .. .. .. .. .. .. . ... .. .. . Ranatra 2
Ranatra-Antenna simple, distal end of penultimate segment without lateral
prolongation; length 23-27 mm ............................ R. kirkaldyi
Penultimate segment of antenna with lateral prolongation distally ....... 3
Lateral prolongation at distal end of penultimate antenna I segment almost as long
as last antennal segment; length 28-40 mm .................... R. fusca
Lateral prolongation at distal end of penultimate antenna I segment less than half
as long as last antennal segment; length 25-33 mm ............. R. nigra

Nepa apiculata Uhler, 1862
Distribution and Abundance: Rare south, absent north. County records: 40, 54,
57-58, 61, 63, 68.
Habitat: Almost all collections were from debris in streams in early spring or late
autumn, suggesting it overwinters in such sites. No summer collections were made, so its
breeding habit remains unknown.
Identification: The oval shape and long apical repiratory filament distinguish it from all
other aquatic Hemiptera.
Ranata fusca Palisot de Beauvois, 1805
Distribution and Abundance: Fairly-common statewide. County records: 1-23,
25-61, 63-72.
Habitat: It breeds in many types of lentic habitats, from small ponds to lakes, and often
fiies to streams to overwinter.
Identification: The F-shaped antenna separates it from other Ranatra. It also tends to
be larger than other Wisconsin species.
Ranatra kirkaldvi Bueno, 1905
Distribution and Abundance: Rare, but probably distributed statewide. County
records: 44, 60.
Habitat: It breeds in lakes, sloughs, and other larger bodies of water that are difficult to
sample, which probably accounts for its apparent rarity. Some may fiy to streams to
overwinter.
Identification: The simple antenna is distinctive. THe profemur is not narrowed in the
middle as it is in R. fusca and R. nigra.
Ranatra nigra Herrich-Schaffer, 1853
Distribution and Abundance: Uncommon to rare statewide. County records: 15, 25,
33, 44, 51, 58, 61, 70-71.
Habitat: It breeds primarily in larger and deeper lentic habitats and overwinters in its
breeding sites or in streams.
Identification: The short prolongation of the penultimate antennal segment separates it
from the other two species in Wisconsin.
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NOWNECTIDAE
Nine speCies and two genera of "backswimmers" have been found in Wisconsin. All
inhabit len tic habitats, but at least two species of Notonecta fly to streams in the autumn to
overwinter. Adult Buenoa have not been collected before 23 June, suggesting that, like
Notonecta borealis, they overwinter as eggs. Identification of Notonecta species presents
no problems, and all species can be easily identified in the field. Hungerford revised the
genus in 1933, and in 1945 an additional species was described from New England by
Hutchinson. Buenoa, especially females. are much more difficult to identify. Since most
species of Buenoa inhabit deeper lentic habitats, they are difficult to collect and are
probably under-represented in collections. 1iuxal revised Buenoa in 1953.
Key to species of Notonectidae in Wisconsin
1.
l' .
2(1).

2'.

3(2').

3'.
4(3').

4'.

5(1 ').

5'.
6(5').

6'.
7(6').

T.
8(7').

8'.

Slender; antennae 3-segmented; length less than 8.5 mm.. . .... Buenoa 2
Robust; antennae 4 segmented; length more than 8.5 mm ..... Notonecta 5
Buenoa- Terminal segment of rostrum as long as penultimate segment; wings
without markings; pronotum broadest at base, where it is distinctly wider than
head; profemur of male distinctly narrowed toward apex; length 7.0-8.2 mm
................................................... B. margaritacea
Terminal segment of rostrum distincly shorter than penultimate segment; wings
almost always with dark marks, especially near humeral angle; pronotum nar
rower than head, except for inflated pronotum of male B. limnocastoris; profemur
of male almost as broad at apex as at base .......................... 3
Infuscations on wings, if present, limited to lateral edge anteriorly; no infusca
tions on dorsum; protibia of male almost as wide at base as profemur; metatarsal
setae infuscate dorsally, but never black; length 6.0-7.0 mm ............ .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. macrotibialis
Lateral infuscations on wings near anterolateral angle and usually also in apical
fourth; infuscations often present on dorsum; protibia of males about half as wide
as profemur; metatarsal setae may be black dorsally ................... 4
Infuscation near anterolateral margin of wing linear, posterior infuscation small or
absent; metatarsal setae black dorsally, or nearly so; prothorax of male not
inflated, distinctly narrower than head; length 5.0-6,0 mm .... . B. con/usus
Infuscation near anterolateral angle of wing widest at base, posterior infuscation
large, at least half width of wing; metatarsal setae infuscate dorsally, but not
black; prothorax of male inflated, wider than head; length 5.8-7.5 mm ...
. . . . . . . . . . . . . . . . , ... , .............................. B. Umnocastoris
Notonecta-Hemelytra with an irregular pattern of black and orange marks;
length 13.1-14.5 mm .................................... . N. irrorata
Hemelytra with large white areas, never with orange .................. 6
Mesotrochanter acutely angulate posteriorly; small, length 9.0-IO.2mm ... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . , ............................. N. lunata
Mesotrochanter rounded posteriorly; larger, at least 10.5 mm long ....... 7
Sternal keel of abdomen completely covered with long setae; smaller, length
10.9-12.3 mm .. , ................................... '" .N. undulata
Middle of sternal keel bare on fourth abdominal sternum; larger, at leastl2.4 mm
long ............................................................. 8
Scutellum and most of hemelytra white or pale yellow; length 12.9-14.8 mm
. ............... , ...... , . . . . . . .. . .... , ... , ... , ......... N, borealis
Scutellum black, and with dark markings on hemelytra; length 14.0-15.0 mm
. ....................................................... N. insulata

Buenoa corifusa Hungerford, 1953
Distribution and Abundance: Found statewide. but generally uncommon. County
records: 1-3, 6-7, 10. 18-19. 22, 24-25, 33, 39, 46, 48, 50, 58-61, 68-72.
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Habitat: It inhabits weedy permanent ponds and is found in shallower habitats than
other species of Buenoa. It probably overwinters as an egg.
Identification: The small size (6.0 mm or less) and black or nearly black metatarsal
setae separate it from other Buenoa. Males do not have any of the distinctive characters
found in other species of Buenoa in Wisconsin.

Buenoa limllocastoris Hungerford, 1923
Distribution and Abundance: Uncommon northwest, rare elsewhere. County records:
1-3, 19, 32, 61.
Habitat: It apparently breeds in deep ponds or small lakes and overwinters as an egg.
Identification: The inflated and rounded pronotum of the male is distinctive, Females
resemble B, macrotibialis and the smaller B. confusa, They have an elongate infuscation
along the margin of the wings in the basal third. This mark is broadest basally and
narrowed posteriorly. while in B. macrotibialis this mark is uniformly narrow or absent.
Buenoa macrotibialis Hungerford, 1924
Distribution and Abundance: Generally uncommon north, rare south. County rec
ords: 1-3, 33, 58, 61.
Habitat: It apparently breeds in small lakes or large ponds and overwinters as an egg.
Identification: The very wide protibia of males is distinctive, Females can be separated
from B, limnocastoris by their less pronounced wing markings as mentioned above, and
from B. cOllfusa by their larger size,
Buelloa margaritacea Torre-Bueno, 1908
Distribution and Abundance: Generally uncommon south and rare north, County
records: 1, 25, 53, 58, 61, 71.
Habitat: It inhabits mostly
ponds and probably overwinters as an egg,
Identification: Its large size, long apical segment of the rostrum, broad pronotum, and
lack of pigmentation make this species easy to identify.
Notollecta lunata Hungerford, 1926
Distribution and Abundance: Fairly-common north, common south. County records:
2-9, 11-21, 23-72.
Habitat: It is most abundant in larger ponds and frequently flies to larger streams to
overwinter.
Identification: The small size,
scutellum, and acutely angulate mesotrochanter are
distinctive,
Notollecta borealis Bueno and Hussey, 1923
Distribution and Abundance: Rare extreme north, absent elsewhere, County records:
2, 18-19.
Habitat: It has been collected only from permanent woodland ponds. All adults were
collected between 9 July and 16 August, which supports Hungerford's contention (1933)
that N. borealis overwinters as an egg.
Identification: The large size, pale scutellum and hemelytra, and bare sternal keel on
the fourth abdominal segment are distinctive,
Nmollecta irrorata Uhler, 1879
Distribution and Abundance: Fairly common in many areas of Wisconsin. but not
collected southeast. County records: 1-6, 8-11, 13-15, 17-19, 21-23, 27, 31, 33,
36-41. 43, 46, 48--49, 51-58,
Habitat: It has been found mostly in small ponds, especially in wooded areas and river
bottoms, and frequently flies to streams to overwinter,
Identification: The black and orange hemelytral pattern is unique,
Notonecta insulata Kirbv, 1837
Distribution and Abundance: Uncommon statewide, County records: 1-6,8, 12, 15,
20, 25, 27-28, 30, 34. 37, 42--43, 45, 50, 53-55, 57-58, 60-61, 68,
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Habitat: It probably breeds in a variety of smaller ponds and overwinters either in these
ponds or in deeper lentic habitats.
Identification: With its black scutellum and light hemelytra it resembles N. undulata,
but it is distinctly larger and the hemelytra of Jive specimens are more cream-colored than
white. The bare keel on the fourth abdominal sternum positively separates it from N.
undulata.

Natonecta undulata Say, 1832
Distribution and Abundance: Common statewide. County records: I-50, 52-72.
Habitat: It breeds in small, shallow weedy ponds and frequently invades temporary
ponds. It overwinters mostly in ponds deep enough to not freeze to the bottom.
Identification: It is larger than N. lunata and smaller than the other species. Separation
from the larger N. insulata has been discussed above. Teneral specimens have a pale
scutellum and resemble N. lunata, but their mesotrochanter is rounded.
PLEIDAE
Only one species of "pygmy backswimmer" has been found in Wisconsin, and it is the
only species known to occur in this region of North America.
Neaplea striala (Fieber, 1844)
Distribution and Abundance: Ranges from abundant south to fairly-common north.
County records: 1-10, 12, 14-22, 24-30, 32, 34-72.
Habitat: It is frequently abundant in permanent, weedy ponds, especially those that
contain Lemna (duckweed). It is flightless and remains in the ponds in which it breeds. It
is able to survive occasional drying of its habitat.
Identification: Its very small size (2.0-2.2 mm), tan color, and hemispherical shape
distinguish it from all other acquatic Hemiptera.
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