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BETWEEN-SITE VARIATION IN SUITABILITY OF SALIX CORDATA AS A
HOST FOR ALTICA SUBPLICATA (COLEOPTERA: CHRYSOMELIDAE)
Dennis J. Milanowski 1 and Catherine E. Bach 2

ABSTRACT
To investigate local adaptation of insect herbivore populations to host
plant populations, willow flea beetles (Altica subplicata) were collected from
two distant sites in northern Michigan (Grass Bay, GB; Pte. Aux Chenes,
PAC) and reared on host plants (Salix cordata) collected from each of the sites.
Larval development (measured by molt frequency and length of larval stage)
was significantly faster on PAC plants than on GB plants but did not differ
for the two beetle populations. For both populations of beetles, mean pupal
weight was also greater on PAC plants than on GB plants. Thus, there was no
evidence for adaptation of beetle populations to local host plant populations.
The greater performance of A. subplicata on PAC plants most likely resulted
from a lower trichome density on leaves of plants from that site.
Considerable attention in the field of insect/plant interactions has focused
on genetic variation in both plant and insect populations. Plant populations
differ in secondary chemistry and many other physiological and morphologi
cal characteristics (Sturgeon 1979, Waser et al. 1982, Silander 1985). Popula
tion differentiation has also been reported for many insect herbivores
(Futuyma and Peterson 1985, Rank 1992). Many studies have found signifi
cant differences between populations of herbivores in performance on differ
ent populations of host plants (Scriber 1983, Rowell-Rabier 1984, Hare and
Kennedy 1986, Feder et al. 1988). For example, geographic races of swallow
tail butterflies are better adapted to sympatric host species (Nitao et al. 1988),
and the Colorado potato beetle has "host-adap,ted populations" (Hsiao 1978).
Local adaptation can also occur at the indiVIdual plant level. Edmunds and
Alstad (1978) showed that demes of scale insects were adapted to individual
conifer trees, and Karban (1989) found that thrips were adapted to individual
plant genotypes.
Herbivore performance is often affected by plant morphological charac
teristics, such as leaf pubescence (Schillinger and Gallun 1968, Rowell-Rabier
1984, Woodman and Fernandes 1991) and cuticular morphology (Stork 1980).
Some species of willows show a high degree of variation in leaf pubescence,
both within and between popUlations. Cassin (1989) found strong within
population variation in pubescence of Salix exigua, and resultant effects on
preference and development of a willow flea beetle, Altica subplicata LeC.
Observations of Salix cordata reveal lar~e differences in leaf pubescence
between populations, but effects on herbIvore development have not been
studied.

IDepartment of Biology, Washington University. St. Louis, MO 63130.
2Department of Biology, Eastern Michigan University, Ypsilanti. MI 48197.

254

THE GREAT LAKES ENTOMOLOGIST

Vol. 26, No.4

The purpose of this study was to examine population differentiation in
host-herbivore dynamics between a willow flea beetle, Altica subplicata (Cole
optera: Chrysomelidae: Alticinae) and sand-dune willow, Salix cordata (Salica
ceae). The study addressed the following questions: (1) Do two beetle popula
tions differ in performance (larval development and pupation success) on two
different plant populations?, (2) Is there local adaptation of beetle populations
to plant populations?, and (3) Are there between-.population differences in leaf
pubescence that are consistent with differences In herbivore performance?

MATERIALS AND METHODS
Salix spp. are dominant woody plants of developing sand dunes along the
shores of the Great Lakes. Altica subplicata is a specialist herbivore that
feeds predominantly on Salix cordata and S. exigua. In northern Michigan, A.
subplicata has one or two generations per year and overwinters as adults
(Bach 1990). Larvae are leaf skeletonizers; adults are foliovores that consume
entire leaves. After the third instar, prepupae burrow into the sand and
pupate.
Two sites were selected for sampling of A. subplicata and S. cordata: Pte.
Aux Chenes (PAC) on Lake Michigan in the upper peninsula of Michigan
(Mackinac Co.) and Grass Bay (GB) on Lake Huron in the lower peninsula of
Michigan (Cheboygan Co.). These sites are approximately 45 km apart and
were considered to contain distinct (non-interbreeding) populations of both
beetles and plants. Mark-recapture studies have shown that vagility of beetles
is low (Bach, unpublished data).
Adults were collected from PAC on 3 June 1992, and from GB on 4 June
1992. Mating pairs were placed individually in 100 mm petri dishes lined with
moist filter paper and containing fresh shoots of S. cordata collected from the
same site as the adult beetles. Eggs were removed daily and placed in 60 mm
petri dishes on moist filter paper until hatching. Hatched larvae were not
allowed to feed before the onset of the experiment to prevent the possibility of
larval conditioning to S. cordata from a p,articular site (although this experi
mental design cannot rule out the possibIlity of conditioning due to maternal
diet). Larvae were pooled from all mating pairs obtained at a given site.
Salix cordata leaves were collected from each site once per week for the
duration of the study. At each collection, a random point was selected 5-10 m
from the lake shore and plants nearest to that point were collected by clipping
10-15 cm shoots. Host plant age and degree of feeding damage were similar
among the plants used from the two sites. Leaves were stripped from the
shoots and refrigerated in plastic bags until needed. Bags were snaken prior to
use, to provide a random mixture of leaves for each dish.
U sing a 2x2 factorial design, each population of beetles (GB and PAC) was
reared on S. cordata from each of the sites, resulting in four treatments. There
were ten replicates of the two treatments with PAC beetles and eight repli
cates of the two treatments with GB beetles. Each replicate consisted of a 60
mm petri dish lined with moist filter paper, sufficient S. cordata leaves to
cover the bottom of the dish, and five larvae. Larvae were added to each dish
at the onset of the study, 16 June 1992. Dishes were placed in an environmen
tal chamber in a randomized block design with one replicate of each treatment
in each row; position of dishes within rows was re-randomized every two days.
Larvae were incubated at 22° C with a 16:8 h light:dark cycle for the duration
of the experiment (Cassin 1989).
On days 2, 4, 6, 8, and 11 after the onset of the experiment, the number of
molts (detennined by counting the number of head capsules) and number of
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dead larvae in each dish were recorded. Molt frequency was calculated as the
number of molts divided by the number of larvae present. On each sampling
date, S. cordata leaves were replaced, and dead larvae, frass, and head cap
sules were removed_
On day 11, remaining larvae were transferred to screen-topped pupation
dishes (pint plastic dishes half-filled with moistened sand). Salix cordata
leaves were placed on the sand and replaced every 2-3 days until all larvae
either burrowed into the sand to pupate or died. The date that each larva
burrowed into the sand to pupate was recorded. Four to five days after the
last larva in each dish pupated, all pupae were removed, dried at 45 0 C for 72
h, and weighed. The 4-5 day period was required to allow sufficient time for
transformation of the prepupae. Larvae that burrowed into the sand, but died
without pupating were recorded but not weighed. Mean pupal dry weight was
determined for each dish.
Larval developmental rate (molt frequency; mean date of burrowing into
sand to pupate) and pupation success (proportion burrowing into sand to
pupate; proportion dying after burrowing; mean pupal weight) were analyzed
using 2-way ANOVA, testing for effects of beetle population, plant popula
tion, and an interaction between beetle and flant populations. A significant
interaction term may indicate adaptation 0 herbIvore populations to local
plant populations. Separate analyses were conducted on molt frequency for
each successive time period. All proportions were arcsine transformed prior to
analysis.
To quantify possible differences in densities of trichomes on leaves from
the two sites, 5 leaves were haphazardly selected from the bags of leaves from
each site and prepared for electron microscopy. Leaves were fixed in 3% glu
taraldehyde in phosphate buffer, washed twice in buffer, and dehydrated to
100% ethanol. Leaves were critical-point dried, affixed to stubs with carbon
paint, and sputter-coated with gold. All specimens were examined at 10 kV on
an Amray scanning electron microscope. Micrographs were taken at 100X of
the upper and lower surfaces of each leaf in the center of the leaf to the right of
the mId-vein, and were enlarged to I36X. Trichome densities were counted
using a 6.35 mm grid, and were calculated as the number of grid intersections
that fell directly over a trichome divided by the total number of grid intersec
tions (N=I60-2I6). Because trichome densities were not normally distrib
uted, they were compared with a Mann-Whitney U test.

RESULTS
The frequency of molting from onset to day 2 was found to be 8 times
greater for A. subplicata feeding on S. cordata from PAC than from GB (Fig.
1), indicating that larvae fed PAC plants were able to pass through the first
instar more rapidly. Because larvae reared on GB plants initially developed
more slowly than larvae reared on PAC plants, they had higher molt frequen
cies during later time periods (Fig. 1). Plant population significantly affected
molt frequency for the first, second, and fifth time periods (Fig. 1, Table 1). In
contrast, molt frequency was not significantly different for the two beetle
populations at any time period, nor was there a significant interaction
between beetle population and plant population (Table 1).
Mean date of burrowing was used as an indication of overall length of
larval development. A. subplicata reared on GB plants burrowed into the sand
3-4 days later than beetles reared on PAC plants (Fig. 2A). Burrowing date
was significantly affected by plant population, but not by beetle population or
a beetle population X plant population interaction (Table 2). Thus, larval
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Figure 1. Mean frequency of molts per individual as a function of days from onset of
experiment. Means and standard errors are presented for the replicate dishes for each
treatment (N=8 for GB plants; N=lO for PAC plants).

Table 1. Results from ANOVAs of larval development. measured as the frequency of molting
between successive time periods. F·values and signficance levels are presented from 2-way
ANOVAs testing for effects of beetle population. plant population. and an interaction between
beetle and plant population. Degrees of freedom were 1.32 for all effects.
F·values
=--:--.--::----:---~--::=---'--.,.......,,..- ..- - - -..- 
Time period
Beetle population
Plant population
Interaction
0.0
0-2 d
0.11
44.3***
2.23
0.24
2-4 d
10.2**
0.007
4-6 d
0.90
3.81"
1.66
6-8 d
0.36
0.0
0.56
8-11 d
1.07
11.7**
"p = 0.06
** = P < 0.01
*** = P < 0.001
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Figure 2. Mean values for parameters of larval development and pupation success for
GB beetles (solid bars) and PAC beetles (hatched barsl reared on plants from GB and
PAC: (AI Mean date of burrowing (days after being transferred to pupation chambers),
(H) Mean proportion burrowing into sand, (C) Mean proportion dying after burrowing,
and CD) Mean pupal dry weight (mg). Means and standard errors are presented for the
replicate dishes (GB, N=8; PAC. N=lOl.

Table 2. Results from ANOVAs of length of development time (mean date of burrowing) and
pupation success (proportion burrowing into sand, proportion dying after burrowing. and
mean pupal weight). F-values and significance levels are presented from 2·way ANOVAs
testing for effects of beetle population. plant population, and an interaction between beetle
ad plant populations. Degrees of freedom for all effects were; (1.29) for date of burrowing and
propcrtion dying after burrowing. (1,32) for proportion burrowing into sand, and (1.23) for
pupal weight.
F-values
Plant population
Interaction
Beetle population
1.23
32.0***
0.38
Yean date of burrowing
PI:q).. burrowing into sand
1.08
3.47 a
0.65
2.14
2.25
PI:q).. dying after burrowing
8.28**
0.61
0.47
. . . . pupal weight
58.9***
.p 0.072
-=p < 0.01
-=P<O.OOI

------------------------------------------------T.
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development appears to be more rapid on PAC foliage than on GB foliage, but
does not differ for the two beetle populations.
Pupation success was also greater for beetles fed PAC plants. Beetles
reared on PAC plants tended to burrow into the sand more often than beetles
reared on GB plants (Fig. 2B) although the difference was not significant
(Table 2). There was no effect of plant population on proportion of larvae dying
after pupating; however, of those larvae that burrowed into the sand, larvae
from PAC failed to pupate at a significantly higher rate than larvae from GB
(Table 2; Fig. 2C). Mean pupal dry weight was very strongly influenced by
host plant population (Table 2). Pupal weight was nearly 75% higher for bee
tles fed PAC plants than for beetles fed GB plants (3.5 vs. 2.0 mg; Fig. 2D). No
measure of pupation success was significantly affected by an interaction
between beetle population and plant population. Thus, both populations of
beetles had greater pupation success on PAC foliage than on GB foliage.
GB leaves had much higher trichome densities than did PAC leaves (Fig.
3). The mean density of trichomes was significantly higher on the upper sur
faces of leaves from GB (0.89 ± 0.053) than from PAC (0.25 ± 0.16) (U=24,
P=0.008). In fact, 60% of the PAC leaves had trichome densities of :s0.006
(less than 6 in 1,000 grid intersections overlaying a trichome), whereas the
lowest trichome density on a GB leaf was two orders of magnitude greater,
0.68. Lower surfaces of leaves also had significantly higher trichome densities
at GB (0.55 ± 0.18) than at PAC (0.16 ± 0.16; U=23, P=0.016); in fact, 80%
of PAC leaves had no trichomes on the lower surface, whereas all GB leaves
had trichomes present on the lower surface.

DISCUSSION
Our results indicate that there was a large difference between the two
populations of S. cordata in their suitability as a larval food source. Beetles
reared on plants from the PAC population had more rapid development and
higher pupal weight than beetles reared on plants from the GB population.
Despite pupating 3-4 days earlier, larvae reared on PAC plants were nearly
double the dry weight of larvae reared on GB plants. Both shorter develop
ment and greater pupal weight would presumably lead to greater fitness
because: (1) larvae would be susceptible to predation/parasitism for a shorter
time (Feeny et al. 1985), and (2) pupal weight is often correlated with adult
fecundity in insects (Karowe 1990).
Differences in leaf pubescence between S. cordata populations may
account for the striking difference in suitability as a larval food source. The
GB population clearly had more densely pubescent leaves than the PAC popu
lation (see Fig. 3). Leaf surface texture has been shown to affect host plant
suitability by affecting attachment and microclimate (Kennedy 1986, Stork
1980). Leaf pubescence is also positively correlated with resistance to her
bivory (Schillinger and Gallun 1968) and negatively correlated with host plant
preference (Rowell-Rahier 1984). Woodman and Fernandes (1991) reported
that leaf hairs explained within-plant patterns of insect herbivory in mullein,
Verbascum thapsus. In a study similar to ours, Cassin (1989) found that both
GB and PAC beetles consumed greater quantities of smooth than hairy Salix
exigua. PAC beetles developed more rapidly on smooth S. exigua; however,
pupal weight did not differ between smooth and hairy plants for either popula
tion. In addition, beetles preferred shaved over unshaved leaves of S. cordata
(Cassin 1989).
The higher trichome densities on GB leaves than on PAC leaves could
have resulted from differences in the number of trichomes per unit leaf area
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Figure 3. Scanning electron micrographs of the upper surfaces of leaves from (A) Grass
Bay and (B) Pte. Aux Chenes. 136x. The two leaves chosen for this figure had the closest
trichome densities to the mean for each site.

,
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and/or trichome length; our method of estimation did not distinguish between
these alternatives. However, either of these features could interfere with lar
val feeding. On Salix cordata, larvae feed by burrowing through the leaf tri
chomes on the upper surface of the leaf, scraping the trichomes off and form
ing a channel as they feed. Consequently, actively-feeding larvae are
surrounded by trichome accumulations which they do not consume (Cassin
1989). We suspect that trichomes present a mechanical barrier that decreases
consumption rate.
It was interesting to find that, despite strong differences in plant popula
tions, beetle populations performed similru;ly. Cassin (1989) compared GB and
PAC beetle populations on young S. cordata leaves from one site (GB) and
found no difference in survivorship or developmental time, but GB beetles had
signficantly greater consumption rates and pupal weights than did PAC bee
tles. Perhaps pupal weights of the same two populations did not differ in this
study because a mixture of leaf ages was used; Cassin (1989) found no signifi
cant difference between pupal weights of GB and PAC beetles reared on old S.
cordata leaves. Beetle populations in this study differed only in that larvae
from PAC had higher mortality after burrowing, inde
dent of host plant
population. Perhaps the sand used in the pupation
was moister than
the sand found at PAC and thus was not tolerated as well by PAC larvae. The
lack of any beetle population X plant population interaction effects suggests
an absence of local adaptation of A. subplicata to S. cordata. This result is in
contrast to those from other studies reporting local adaptation of herbivores
to plant populations (Hsiao 1978, Scriber 1983, Rowell-Rahier 1984, Futuyma
and Peterson 1985, Hare and Kennedy 1986, Feder et al. 1988, Nitao et al.
1991) or individual plants (Edmunds and Alstad 1978, Karban 1989).
Overall it appears that the two beetle populations are similar in their
ability to use S. cordata as a larval food source. It appears that the popula
tions from GB and PAC have not diverged, despite the strong selective pres
sure on GB beetles for adaptations that would lead to improved performance
on pubescent leaves. Perhaps gene flow between the two populations is high
enough to mitigate incipient divergence or perhaps sufficient genetic varia
tion is not present. In contrast, the results of this study suggest that there is
genotypic or phenotypic differentiation between S. cordata populations.
Waser et al. (1982) reported genetic differentiation in populations of Mimulus
guttatus in Utah, resulting in adaptation to local variation in the physical
environment. It is likely that the degree of pubescence exhibited by S. cordata
is a response to the local environment; further study is necessary to determine
the underlying causes and whether the response is mediated genotypically or
phenotypically.
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COMPARATIVE STUDY OF LIFE HISTORIES, LABORATORY REARING, AND
IMMATURE STAGES OF EUSCHISTUS SERVUS AND EUSCHISTUS
VARIOLARIUS (HEMIPTERA:PENTATOMIDAE)l
Joseph Munyaneza and J. E. McPherson 2

ABSTRACT
A comparative study was conducted of the field life histories of Euschis
tus servus and E. varialarius in southern Illinois, their life cycles under con
trolled laboratory conditions, and their immature stages.
The results indicate that E. servus is bivoltine and E. variolarius is univol
tine. Adults of both species emerged from overwintering sites during early
April, began feeding and copulating on leaves of common mullein (Verbascum
thapsus) and surrounding vegetation, and reproduced shortly thereafter. Nei
ther eggs and first instars of either species, nor second instars of E. variola
rius, were collected in the field. Seasonal occurrences of the adults and subse
quent immature stages are discussed for each species. No individuals were
found after the first week of November.
Both species were reared on green beans (Phaseolus vulgaris) under a
16L:8D photoperiod and constant temperature of 23 ± 0.06° C. The incuba
tion perIod averaged 5.8 days for E. servus and 5.4 days for E. variolanus.
Durations of the 5 subsequent stadia averaged, respectively, 5, 6, 6.7, 9.3, and
11.5 days for E. servus, and 4.9,5.7,7.8,9.7, and 13.3 days for E. varialarius.
Comparisons of incubation period and stadia between the two species showed
that only the stadia for the first instars were not statistically different. Total
developmental period was longer for E. varialarius than for E. servus.
The external anatomy of the egg and each of the five nymphal instars is
described for each species.

The brown stink bug. Euschistus servus (Say), and one-spotted stink bug,
E. varialarius (Palisot de Beauvois), are common throughout most of the con
tinental United States, and occur statewide in Illinois (McPherson 1982). They
are similar in appearance and often occur in the same habitats, and even on
the same plant species. For example. both species feed on soybean, mullein,
beans, tomatoes, peas, cotton, wheat, corn, tobacco, and peach (McPherson
1982). They are close enough genetically that Foot and Strobell (1914) and
Sailer (1955) were able to obtain fertile hybrids.
Euschistus servus is bivoltine and E. varialarius has been listed as univol
tine and bivoltine; both overwinter as adults (McPherson 1982). They have
been reared under controlled conditions and the eggs and nymphal instars
have been described (McPherson 1982). However, neither a comparative study

Ipart of a thesis submitted to Southern Illinois University by the senior author in
partif! fulfillment of the requirements for the M. S. degree in zoology.
Department of Zoology, Southern Illinois University, Carbondale, IL 62901.
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of their field life histories nor of their life cycles under controlled conditions
has been conducted, and comparison of the developmental stages has been
somewhat superficial. However, because these species are economically impor
tant, and often occur together, such a study would be useful. Thus, the pur
poses of the present study were to compare: (1) their field life histories in
southern Illinois, including the temporal distribution of the various stages, (2)
their life cycles under controlled laboratory conditions, and (3) their immature
stages.

MATERIALS AND METHODS
Field Life History. Euschistus servus and E. variolarius nymphs and
adults, excluding those found on field and fruit crops, seem to prefer open
disturbed roadsides in southern Illinois, and often feed and reproduce on
common mullein (Verbascum thapsus). Four sites were selected in disturbed
areas, each ofwhich contained some mullein plants. 1\vo were located near the
La Rue-Pine Hills Ecological Area (now Research Natural Area), one along
north Levee Road 30 m east of Illinois Route 3 (Union County) and the other
at the junction of Illinois Route 3 and the Big Muddy River (Jackson County).
The remaining sites were located in Carbondale, Jackson County, one on Res
ervoir Road (near the water reservoir) and the other at the junction of Pleasant
Hill Road and the railroad tracks, 200 m east of U. S. Route 51. The study was
conducted from April to November 1991 and March to November 1992. This
seasonal interval began before the bugs emerged and continued after they
entered overwintering sites.
Samples were collected by sweeping and hand picking one to three times
per week. Nymphs, which are very similar in appearance for both species, were
brought to the laboratory, grouped by ins tar, and reared to adults on green
beans (phaseolus vulgaris) as described by McPherson (1971) and briefly
described in the "Laboratory Rearing" section of this paper.
Laboratory Rearing: Thirty four adults (18 J J, 16 1'1') of E. servus and 28
(17 t t, 11 't 't) of E. variolarius were collected on mullein plants at the Reser
voir Road site on 17 and 20 April 1992, respectively, brought to the labora
tory, and placed in oviposition cages. Each cage consisted of a Mason jar (ca.
0.95 liter) covered on the bottom with filter paper. Green beans served as food
for the bugs and their offspring. A strip of paper toweling was added which,
together with the filter paper, increased absorption of excrement and provided
a good walking surface. The jar was closed with wire screen and paper towel
ing and secured with the band of the 2-piece MasonJ' ar lid. A cheesecloth strip,
which served as an oviposition site, was placed insi e the jar with one end over
the lip and held in place by the band. The food, filter paper, cheesecloth, and
strip were changed every 3 to 4 days.
Cheesecloth with attached egg clusters was removed daily and placed on
moist filter paper in petri dishes (ca. 9 cm diam., 2 em depth) and covered with
the lids. Water was added daily to keep the paper moist.
The first instars (an apparently nonfeedmg stage) were kept in the same
dishes. The second through fifth instars were kept in Mason " ars prepared
similarly to the oviposition cages except for the absence 0 cheesecloth.
Nymphs were separated and maintained m different groups by molting dates
to accurately determine the stadia.
All specimens were kept in an incubator maintained at 23 ± 0.06° C and a
16L:8D photoperiod (ca. 2797 lux (260 ft-c]).
Anatomical Descriptions of Immature Stages: Eggs and first-fifth instars
were collected from the laboratory culture and preserved in 75% ethanol. The
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Figure 1. Seasonal occurrence of E. servus. Dashed lines represent probable occurrence
(estimated from lengths of stadia in laboratory) since no specimens were found.

description of each stage is based on 10 individuals. Drawings were made with
the aid of a camera lucida, measurements with an ocular micrometer. Measure
ments are expressed in mm as mean ± SE.
RESULTS AND DISCUSSION
Field Life History. The life cycle data gathered during the two years of
this study were combined to gain a clearer understanding of the annual cycles
of the two species.
Adults overwintered and became active during early April (Fig. 1-2),
began feeding and copulating on leaves of common mullein and surrounding
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Figure 2. Seasonal occurrence of E. variolarius. Dashed lines represent probable occur
rence (estimated from lengths of stadia in laboratory) since no specimens were found.
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vegetation, and reproduced shortly thereafter; the mating position was end
to-end as is characteristic of pentatomoids (McPherson 1982).
Only two clusters of eggs were found during this study, one (17 eggs) on
the underside of a water smarlweed leaf (Polygonum amphibium L.) on 12
June 1992, the other (14 eggs) on the underside of a mullein leaf on 2 Septem
ber 1992. Unfortunately, both clusters were parasitized and, thus, could not be
identified to species. Two clusters of hatched eggs were also found on 19
September 1992 and had probably hatched during the previous week because
several cast first instar exuviae were found nearby.
No first instars of either species were found during this study, nor were
second instars of E. variolarius (Fig. 1-2). However, sufficient numbers of the
remaining instars were found to give some indication of the life cycles.
For E. servus, second instars were found from late May to late June and
from late August to late September, third instars from early June to mid·July
and from early September to early October, fourth instars from early June to
late July and from early September to mid·October, and fifth instars from
mid-June to mid·August and from late September to late October (Fig. 1).
Adults had three peaks of abundance. Of the 1,068 adults collected during
this study 37.5% were taken from early April to mid-May, 29.7% from early
July to late August, and 15.7% from mid-September to late October. No
adults were found after the first week of November.
These observations indicate that E. servus is bivoltine, and that the three
peaks of adult abundance corresponded to the emergence of overwintered
individuals in the spring, and the appearance of the first (summer) and second
(overwintering) generations, respectively.
For E. variolarius, third instars were found from early June to mid-July,
fourth instars from late June to early August, and fifth instars from mid-June
to early August. No nymphs were collected after late August (Fig. 2).
Adults were most abundant from mid-April to mid·June. Of the 189
adults collected during this study, 60.3% were collected during this time.
These must have been overwintered adults because they preceded the appear
ance of fifth instars in the field (Fig. 2). Thereafter, numbers dropped sharply
and no readily discernible peaks were seen during the rest of the season. New
adults apparently appeared late June to late August, this again based on the
seasonal occurrence of fifth instars. These observations indicate that E.
variolarius is univoltine.
Our conclusions about voltinism in each of the two species are further
supported by the temporal patterns of adults observed in copula. Of the 27
pairs of E. servus, 11 were observed after late August. Of 10 pairs of E.
variolarius, all were observed in the spring.
The data strongly suggest that E. serous was more abundant than E.
variolarius (Fig. 1-2). However, this could simply be due to chance. The eggs
and early instars are difficult to find because they are small and, because both
species feed and reproduce on a wide range of plants, are scattered in distribu
tion.
The tachinid parasite Cylindromyia binotata (Bigot) emerged in the labo
ratoryon 14 July 1992 from an E. serous adult collected on a mullein plant in
early July 1992.
Laboratory Rearing. Precopulatory and copulatory behaviors have been
studied in detail (Drickamer and McPherson 1992). Oviposition also has been
discussed by other authors (Esselbaugh 1946, Parish 1934, Woodside 1946).
In the present study, E. servus eggs were laid in clusters of 8 to 41,
averaging 17.6 eggs per cluster (N = 15); the incubation period averaged 5.8
days (Table 1). The fIrst through fifth stadia averaged 5, 6,6.7,9.3, and 11.5
days, respectively. The total developmental period averaged 44.3 days (Table
1).
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Table 1. Duration (in days) of each immature stage of E. servus under laboratory conditions.
Number
completing
Cumulative
Range
Stage
stadium
mean age**
i±SE**
Egg
5-7
5.8
5.8±0.04
Nymph
4-7
1st instar
10.8
5.0±0.04
212
5-8
16.8
178
6.0±0.05
2nd instar
5-13
3rd instar
6.7±0.12
23.5
157
7-14
32.8
147
4th instar
9.3±0.11
5th instar
8-20
44.3
137
1l.5±0.21
*264 eggs were laid.
**Means are rounded to the nearest tenth.

For E. variolarius, eggs were laid in clusters of 6 to 27, averagin$ 16.2
eggs per cluster (N = 18); the incubation period averaged 5.4 days. The fIrst to
fifth stadia averaged 4.9, 5.7, 7.8, 9.7, and 13.3 days, respectively. The total
developmental period averaged 46.8 days (Table 2).
Most mortality for both species occurred during the first and second
stadia and resulted from incomplete ecdysis or from drowning in water con
densation on the lids of the dishes.
Comparisons of incubation period and stadia between the two species
showed that only the stadia for the first instars were not statistically different
(Table 3). Total developmental period was longer for E. variolarius than E.
servus.
Anatomical Descriptions of Immature Stages. The first instar is
described in detail, but only major changes from previous instars are
described for subsequent instars. Comparative statements refer to previous
instars or to the same instar for both species. Length is measured from tip of
tylus to tip of abdomen; width is measured across the widest part of the body
(Le., abdominal segments 2-3). All measurements are given in millimeters.
Euschistus servus
Egg (Fig. 3A). Length, 1.13 ± 0.02; width, 0.96 ± 0.02. Eggs usually laid
in clusters of 14; each egg somewhat kettle-shaped, yellowish white,
htly
greenish when first deposited. Chorion with irregular triangular and qua an-

Table 2. Duration (in days) of each immature stage of E. variolarius under laboratory condi
tions.
Number
completing
Range
i±SE**
stadium
4-7
Egg
5.4
Nymph
4-6
4.9±O.04
10.3
229
1st instar
16.0
4-9
194
5.7±O.06
2nd ins tar
23.8
6-13
7.8±O.1l
175
3rd instar
33.5
7-14
9.7±O.12
167
4th instar
46.8
9-21
154
13.3±O.16
5th instar
*292 eggs were laid.
**Means are rounded to the nearest tenth.
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Table 3. Comparisons of developmental periods between E. servus and E. varioiarius, using
Student's T-test.
Stage
Species"
N
x±SE
df
T
238
Egg
S
5.8 ± 0.04
253
V
5.4±0.05
483.5
5.70 b
1st instar

S
V

212
229

5.0±0.04
4.9±0.04

439.0

0.55

2nd instar

S
V

179
194

6.0±0.05
5.7±0.06

360.1

2.62 b

S
V

157
175

6.7±0.12
7.8±0.1l

330.0

-6.58 b

S
V

147
167

9.3±0.1l
9.7±0.12

312.0

-2.65 b

S
V

137
154

11.5±0.21
13.3±0.16

289.0

-6.47 b

S
V

137
154

44.3±0.30
46.8±0.27

289.0

-6.02 b

3rd instar
4th instar
5th instar
Total period

:S = E. servus, V = E. variolarius.
Significant at 0.01 level.

gular reticulations; spine at apex of each angle. Operculum present, sur
rounded by 30-35 micropylar processes, each process about 0.06 mm long and
slightly expanded distally.
First instar (Fig. 3B-C). Length, 1.52 ± 0.04; width, 1.14 ± 0.07. Form
oval to nearly circular, usually longer than broad, greatest width at abdominal
segments 2-3. Punctures present dorsally and ventrally on brown sclerotized
areas, all punctures minute.
Head strongly declivent, anterolateral margins slightly sinuate; yellowish
brown to brown dorsally with vertex often yellower medially and tylus yellow
ish red to brown; often with pair of reddish ocellar spots posteromediad of
eyes. Tylus exceeding juga; line extending from each eye posteromedially and
disappearing beneath pronotum. Eyes red. Antennae 4-segmented; segments
1-3 brown to red; segment 4 largest, fusiform, reddish brown to brown; inci
sures lighter, often albidus; distinct constrictions at junctures of 2-3 and 3-4;
ratio of segment lengths approximately 2:3:3:7. Ventral surface of head whit
ish to yellowish brown. Beak 4-segmented, yellowish basally, brownish dis
tally.
Thoracic nota generally yellowish brown, yellow medially; yellow
mediolongitudinalline extending from anterior margin of pronotum nearly to
or reaching posterior margin of metanotum; lateral margins entire and
slightly explanate. Pro- and mesonota sclerotized, posterior margins arcuate;
metanotum sclerotized except posteriorly, posterior margin of metanotal plate
slightly arcuate medially, bending cephalad laterally. Pleura light brown; pro
and mesopleura fused to respective nota; metapleuron separated from metano
tal plate by membranous areas. Spiracles on posterior margins of pro- and
mesopleura. Sterna yellowish, concolorous with ventral surface of abdomen.
Coxae yellowish brown, each with central brown spot on lateral surface;
remaining segments, tarsal claws, and pulvilli yellowish brown to brown;
tibiae weakly sulcate, front tibiae each with bifurcate spine on inner posterior
margin of distal one-third; tarsi 2-segmented, apex of segment 2 often darker
than remainder of tarsi.
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Figure 3. Immature stages of E. serous. A, egg; B-C, 1st instar; D, 2nd instar; E, 3rd
instar; F, 4th instar; G, 5th instar.

Dorsum of abdomen white or yellow with red markings, markings more
dense laterally. Sparsely punctate, light brown to brown medial and lateral
plates present. Faint pseudointersegmental lines present on all but first and
last segments, each originating at inner margin of lateral plate. Seven medial
plates present; plate 1 small; plate 2 nearly linear and slightly constricted
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medially, plate 3 subrectangular with irregular margins. slightly narrower
than, and 4 to 5 times medial length of, plate 2, yellowish white anchor-shaped
marking present; plate 4 subtrapezoidal with irregular margins, slightly nar
rower than, and 5 to 6 times medial length of, plate 2, yellowish white anchor
shaped marking present; plate 5 often consisting of anterior transverse strip
and paired posterior pieces; plate 6 variable in shape, often split or partially
split medially; plate 7 fused to laterals. Paired ostioles of scent glands located
on plates 2, 3, and 4. Nine lateral plates present, sub triangular, extending
dorsally and ventrally from margin of abdomen; plate 1 small; plates 2-6
largest; remainder generally decreasing in size posteriorly. Sterna generally
concolorous with dorsum, occasionally redder; segments 5-9 occasionally with
weakly sclerotized sub rectangular medial plates, that of sternum 9 fused with
laterals. Spiracles located on segments 2-8, those of segment 8 reduced, each
with brown peritreme. Single trichobothrium located posteromesad to each
spiracle on segments 3-7.
Second instar (Fig. 3D). Length, 2.42 ± 0.08; Width, 1.53 ± 0.09. Form
broadly pyriform; dorsum of head and thorax with numerous large punctate
brown spots; ventral punctures still minute.
Head less declivent, anterolateral margins more sinuate; yellowish white
dorsally with dark brown band posteriorly, oval brown spot medial to each
eye, red ocellar spots of first instar obscured by dark brown band, yellow area
on vertex now concolorous with remainder of dorsal surface. Antennal seg
ment 1 dark brown to black; segments 2-3 reddish brown to brown, each red
distally; segment 4 brown; incisures albidus; ratio of segment lengths approxi
mately 4:7:6:10. Ventral surface dark brown except for white area either side
of, and white to red strip beneath, beak; lateral surface of head with white area
between base of antennae and eyes.
Thoracic nota white to yellowish white; lateral margins explanate, dentate
(dentation well developed on pronotum), posterior margins brown. Mesono
tum with medial area extended posteriorly; intersegmental lines between
metanotum and first abdominal tergum sclerotized either side of midline
approximately one-half way between lateral margin and midline of body; pro
and metanota each with one pair, mesonotum with 2 pairs, of brown calli.
Pleura whitish yellow to yellow, edged with brown, each with brown spots and
longitudinal stripes. Coxae white to brown, each with lateral edge sometimes
and central spot brown; trochanters white; femora each with proximal one
third to one-half brown; tibiae reddish brown to brown, often reddish basally,
sulcate; tarsi brown.
Dorsum of abdomen white to yellow with numerous, short, longitudinal,
red markings. Medial and lateral plates with minute punctures; medial plate 1
absent; plates 2-7 brown with yellowish markings; plate 2 with transverse
yellowish strip; plate 3 approximately 3 times medial length of plate 2, with
anchor-shaped marking now yellow; plate 4 approximately 4 times medial
length of plate 2, anchor-shaped marking now yellow, short mediolongitudinal
mark posterior to anchor; plate 5 small, not divided into anterior strip and
posterior pieces; plate 6 usually undivided, yellow marking medially; plate 7
with yellow marking medially. Lateral plates white with brown margins, usu
ally one to three brown spots in white areas. Ventrally, linear sclerite present
posterior to each metacoxa. Sterna in lateral one-half concolorous with dor
sum, whitish medially with sparse or no red markings; intersegmental lines
between sterna 2-3, 3-4, and 5-6 sclerotized submedially; medial plates
brown with minute punctures, plates now often on segments 4-9. Two tricho
bothria posterior to each spiracle on segments 3-7. Otherwise, similar to first
instar.
Third instar (Fig. 3EI. Length, 4.20 ± 0.05; width, 2.86 ± 0.01. Form
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pyriform; brown punctures and spots on head and thoracic nota more numer
ous.
Two red ocellar marks present posteromedially, usually obscured by dark
brown band along posterior margin of head. Antennal segment 1 dark brown
to black; segments 2-3 brown to reddish brown; segment 4 brown, often
reddish brown apically; ratio of segment lengths approximately 3:6:5:7. Ven
tral surface of head brown except for white areas either side of beak and
around bases of antennae, white area with brown spot, white not reaching
eyes.
Thoracic nota with brown areas along posterior margins reduced, particu
larly on metanotum; paired calli yellow with brown markings; mesonotum
with medial area slightly extended posteriorly. Punctures on pleura more
numerous. Femora each with proximal two-thirds white, distal one-third dark
brown.
Dorsum of abdomen yellow with numerous short, longitudinal, red mark
ings; medial plates 3-4 with markings similar to second instar, plate 2 often
with brown spots on yellow area; plates 6-7 yellow, often with brown spots.
Lateral plates with 4 to 8 small brown punctures and relatively thinner brown
margin, border widest medially. Sterna with medial plates on segments 4-9
varying from almost transparent to yellow with brown spots; sclerotized
stripes on intersegmental lines between segments 2-3, 3-4, and 4-5 often
reduced or absent. Otherwise, similar to second instar.
Fourth instar (Fig. 3F). Length, 8.50 ± 0.07; width, 5.67 ± 0.04. Head
yellowish dorsally with lateral one-third of juga occasionally reddish; tylus
and juga subequal in length; oval spot mediad of eye yellow to yellowish
brown, sometimes crescent-shaped; ocellar spots now usually evident, but
partially obscured by brown. Antennal segment 1 yellow to yellowish white
with brown spots; segments 2-3 yellow to reddish yellow with faint red to
brown spots; segment 4 yellow to red proximally, brown to reddish brown
distally; ratio of segment lengths approximately 6: 17: 13: 17. Ventral surface of
head yellow except for brown stripe extending from eye to near tip of juga,
and from eye to posterior margin of head. Beak with segment 1 yellow; seg
ment 2 yellow to brown; segments 3-4 yellowish brown to brown.
Thoracic nota with brown borders along posterior margins reduced or
absent; humeri with brown spots more numerous; calli yellowish, often with
brown marking. Meso- and metanotal wing pads approximately the same
length, extending onto first abdominal segment. Pleura with dark brown
spots and dark brown longitudinal stripes limited primarily to lateral one-half
except for one black spot at base of each coxa. Sterna yellow. Coxae yellow,
each with brown band on lateral edge and central brown spot reduced or
absent; trochanters yellow; femora yellow with brown spots distally, apices
brownish; tibiae yellowish with red to brown markings; tarsal segment 1 yel
low, apex often brownish, segment 2 yellow basally, brown distally.
Dorsum of abdomen yellow with red spots medially. Medial plates 2-4
with brown spots; plates 3-4 with yellowish, anchor-shaped markings often
obscured with brown spots and markings; plate 5 greatly reduced; plates 6-7
with brown spots more numerous. Lateral plates 2-7 yellowish, each with
brown margin broken, margins with brown spot medially; small brown spots
often more numerous (13-20) but may be absent. Sterna yellow; medial plates
reduced or concolorous with sterna, and with few small brown spots;
sclerotized stripes on intersegmental lines between segments 2-3, 3-4, and
4-5 absent. Otherwise, similar to third instar.
Fifth instar (Fig. 3G). Length, 10.37 ± 0.08; width, 6.70 ± 0.02. Head and
thorax dorsally with red to brown punctures more numerous in some areas.
Head with posterior margin yellow to red or brown; ocellar spots evident;
juga slightly exceeding tylus. Antennal segments 1-2 yellow with brown
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spots, spots particularly evident on segment 1; segments 3-4 yellow to yellow
ish red, apex of segment 4 darker; ratio of segment lengths approximately
6:27:17:20. Ventral surface of head yellow with spots, spots red to brown or
almost concolorous with ventral surface.
Humeri with brown spots more numerous, spots somewhat extended ante
riorly in band along each lateral margin. Meso- and metanotal wing pads
about same length, extending onto third abdominal segment. Pleura yellow
with spots, spots red to brown or almost concolorous with pleural surface,
dark spot at base of each coxa present; additional brown markings usually
reduced or absent. Coxae without central brown spot on lateral surface; fem
ora and tibiae with red to brown spots, those on femora originating nearer
base of segment; tarsal segment 2 with apex dark.
Dorsum of abdomen yellow; red to brown spots reduced or absent. Medial
plates 2-4 with brown to red spots more numerous; plate 5 reduced or absent.
Otherwise, similar to fourth instar.

Euschistus variolarius
Egg. Length, 1.10 ± 0.03; width, 0.94 ± 0.01. Eggs generally laid in
clusters of 14. Operculum surrounded by 27-33 micropylar processes, each
about 0.06 mm long. Otherwise, similar to E. servus.
First instar. Length, 1.50 ± 0.09; width, 1.22 ± 0.02. Ratio of antennal
segment lengths approximately 2:3:3:7. Otherwise, similar to $. servus.
Second instar. Length, 2.85 ± 0.09; width, 2.06 ± 0.03. Antennal seg
ments 1-4 brownish to black, apices may be lighter; ratio of segment lengths
approximately 3:7:7:10. Transverse pale area on ventral side of head usually
more extensive than in E. servus, almost forming continuous band from
beneath beak to in front of eyes.

Thoracic sterna yellowish to brownish except for medial white yellow
strip. Medial plates 2-7 brown with yellow to whitish markings. Otherwise,
similar to E. servus.
Third instar. Length, 4.08 ± 0.05; width, 2.92 ± 0.01. Ratio of antennal
segment lengths approximately 3:6:5:7. Ventral side of head with white band
reaching or almost reaching eyes, band with brown spots. Medial plates 2-4
often with brown spots on paler area. Otherwise, similar to E. servus.
Fourth instar. Length, 6.67 ± 0.03; width, 4.18 ± 0.08. Antennal segment
1 yellow to brownish black; segment 2 yellowish or reddish to brownish black;
segment 3 yellowish red to brownish black, those that are lighter often darker
distally; segment 4 brownish black; paler areas of segments 1-3 with reddish
to brown spots; ratio of segment lengths approximately 5:16:13:17. Beak with
segment 1 yellowish white to yellow; segment 2 yellowish white to brown;
segments 3-4 yellowish brown to brown.
Thoracic pleura with dark brown spots and dark brown longitudinal
stripes, spots more generally distributed than in E. servus.
Dorsum of abdomen yellowish with red spots medially, minute spots
present between medial and lateral plates. Medial plates 3-4 yellowish,
anchor-shaped markings of third instar usually obscured with brown spots
and markings. Lateral plates 2-7 yellow, each with brown margin. margins
with brown spot medially; small brown spots often more numerous. Sterna
yellowish white to yellow. Otherwise, similar to E. servus.
Fifth instar. Length, 10.35 ± 0.07; width, 6.35 ± 0.09. Head with poste
rior margin yellow to brown; juga subequal to or shorter than tylus. Antennal
segment 1 yellow to brownish black; segment 2 yellowish or reddish to brown
ish black; segment 3 yellowish to brownish proximally, dark brown to black
distally; segment 4 brownish black; paler areas of segments 1-3 with reddish
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to brown spots; ratio of se~ent lengths approximately 8:25:16:18. Ventral
surface of head yellowish, wlth or without spots; if present, spots red to brown
or almost concolorous with ventral surface.
Thoracic pleura yellow, with or without spots; if present, srots red to
brown or concolorous with pleural surface, dark spot at base 0 each coxa
reduced or absent.
Lateral plates 2-7 yellow, each with brown margin broken, margins with
brown spot medially; small brown spots usually more numerous than in fourth
instar but may be reduced in size. Otherwise, similar to E. servus.
DIAGNOSIS
The five nymphal instars of E. serv us and E. variolarius are readily distin
guishable by characters in addition to the differences in size, shape, and ratio
of antennal segment lengths. The first instar has minute punctures dorsally
and ventrally on brown sclerotized areas. The second instar has numerous and
large brown punctures on the dorsum of the head and thorax but the ventral
punctures are still minute. The lateral plates have one to three brown spots in
white areas. The third instar has four to eight brown spots in each lateral
plate. The mesonotum has the medial area slightly extended posteriorly, evi
dence of the developing scutellum. The fourth instar has more spots on the
lateral plates (13-20) than the third and the developing wing pads are evident,
extending onto first abdominal segment. The fifth instar has well developed
wing :pads, extending onto the third abdominal segment.
DIstinguishing the two species is more difficult. The eggs differ only in
the average number of micropylar processes. The first and second instars are
almost identical in appearance. The third instars of E. variolarius can be
distinguished by a white band on the ventral side of head that reaches or
almost reaches the eyes; it does not do so in E. serous. This band becomes
more extensive in the fourth and fifth instars of E. variolarius but remains
very limited in E. servus. Finally, the last two antennal segments in the fourth
and fifth instars are brownish black in E. variolarius and red to reddish brown
in E. servus.
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DYTISCIDAE AND NOTERIDAE OF WISCONSIN (COLEOPTERA). V.
DISTRIBUTION, HABITAT, LIFE CYCLE, AND IDENTIFICATION OF SPECIES
OF HYDROPORINAE, EXCEPT HYDROPORUS CLAIRVILLE SENSU LATO!
William L. Hilsenhoff2

ABSTRACT
Thirty species in 11 genera of Hydroporinae were collected in Wisconsin
over the past 32 years, excluding those in Hydorporus s.l. Fourteen species of
Hygrotus were found; other genera were represented by one to four species.
Species keys and notes on identification are provided for adults of all species
that occur or may occur in Wisconsin. Information on distribution and abun
dance in Wisconsin, habitat, and life cycle is provided for each species based
on a study of 34,628 adults. Life cycles were predominantly univoltine, with
adults overwintering and larvae completing development from late spring to
late summer, depending on the species. Most adults apparently overwinter in
aquatic habitats, except those of Laccornis and Hygrotus compar, which prob
ably overwinter in terrestrial habitats.

Adults of 66 species in 16 genera of Hydroporinae were collected in Wis
consin. Eleven genera and 30 species are treated here as the result of a study
of 34,628 adults from Wisconsm (Table 1); larvae are too poorly known to be
useful in this study. The remaining five genera, Heterosternuta, Hydroporus,
Hydroporus oblitus-group, Neoporus, and Santilippodytes, which are often
treated as subgenera of Hydroporus, will be discussed in part VI. Information
on Bidessonotus and two species of Hygrotus that possibly could occur in
Wisconsin, is also included. Listed separately in Table 1 are records of beetles
from McKenna Pond (Hilsenhoff 1992) and ponds at the Leopold Memorial
Reserve in Sauk County (Hilsenhoff 1993). A generic key to adults and infor
mation on collecting efforts, measurement of specimens, and general life
cycles of Dytiscidae are found in part I of this study (Hilsenhoff 1992). Part I
also has a map of Wisconsin with numbered counties grouped into nine areas;
county records listed below for each species are represented by numbers on
this map.
A key to adults of species that occur or may occur in Wisconsin is included
below under genera with more than one species in Wisconsin; the size-range of
adults from Wisconsin is included in the key if at least four specimens were
available. Species are listed under each genus along with information on their
distribution and abundance in Wisconsin, general range in North America,
habitat, life cycle, and identification. Overwintering adults of most species
became active later in the spring than most adults in the other subfamilies,

lResearch supported by the College of Agricultural and Life Sciences and the
Graduate School at the University of Wisconsin-Madison.
2Department of Entomology, University of Wisconsin. Madison, WI 53706.
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Table l. Numbers of Hydroporinae adults collected from 1962-1993 in nine areas of Wiscon·
sin (Hilsenhoff 1992), McKenna Pond (McK) and Leopold Memorial Reserve (LMR).
NW NC NE WC C EC SW SC SE McK LMR Total
2 1 0
2 11 28
Celina hub belli
4
4
2
54
0
0
Desmopachria convexa
162 236 89190 152 83 129 152 330 819 75 2417
2 28 9 16 89 319 43 371 47 934
Hydrovatus pustulatus
5
5
Hygrotus acaroides
2
0
2 6 1 72 34 42
3
2 12 176
H. compar
2
7 474 0 0
0
0
0
0
0
0 483
1 197 65 15 164 29 519
H. dissimilis
10
0
1 32 5
H. falli
2
0
2
0
0 0 0
0
0
0
0
0
H. farctus
13
0
0 0 4
0
0
3
0
0
0
6
H. impressopunctatus
161 12 57 63225 430 102 386 146 551 22 2155
H. laccophilinus
112 57 33 37 50 93 104 202 64 23 72 847
H. marklini
0
0
3
0
0 3 0
0
0
0
0
6
4 23 13 -10 21 13 138 15 18 10 267
H. nubilus
2
H. patruelis
10
1
7 87 4 59
2
9 193
5
3
6
H. picatus
143 70 132 64128 126 117 93 68 46 18 1005
1385 1581 1099 87~ 872 1147 1571 2686 1041 3936 1944 18141
H. sayi
H. sylvanus
2
0
0
4
0
0 0 2
0
0
0
0
2 18
H. turbidus
1 11 34 0 6 36
0
2
0 110
Laccornis conoideus
94 38 44 54 27 153 25 112 36 20
1 604
L. deltoides
13
0
0
0 0 0
0
0
0 13
0
0
L. latens
7 19
4 3 9 34
2 34
7
0
0 119
Liodessus affinis
791 714 583318487 322 293 344 4151017 218 5502
L. can tralli
0
0
1 0 0
0
1
1
0
3
0
0
L. flavicollis
2
5 13 6 5
0
1 34
9
0 21
96
L. fuscatus
94 51 15 1 16
0
0
1
0
0
0 178
Lioporeus triangularis
0
0
0 1 0
0
0
3
0
0
0
4
Nebrioporus rotundatus
9 29
0 0 12
0
0
0
0
0
0
50
Oreodytes scitulus
3
0
0 0 0
0
0
0
0
0
0
3
Stictotarsus griseostriatus
8 17
5 42 14
3
2 12
4 24 22 153
Uvarus granarius
4
5 311
66
5
0 53 38
3 55 61 21
U. lacustris
2
0 22 10 35
2 34 40 39 22 60 266

which delayed oviposition and larval development. Adults of most species
apparently overwinter in aquatic habitats; however, adults of Laccornis and
Hygrotus compar probably overwinter in or adjacent to shallow terrestrial
sites that may become flooded in the spring.

Bidessonotus Regimbart, 1895
Larson and Roughley (1991) reported B. inconspicuus (LeConte, 1955)
from Ontario, Quebec, and Nova Scotia, and B. pulicarius (Aube, 1838) from
Ontario, but no member of this southern genus was collected in Wisconsin.
Although B. inconspicuus was included in the generic key (Hilsenhoff 1992), I
believe it is unlikely any species of Bidessonotus occurs in Wisconsin because
winter temperatures are probably too cold. Young (1954) provided a key to
adults of the three most northern species.

Celina Aube 1836
Young (1979) published a key to species in North America and described
four new species, inCluding the only one occurring in the north-central United
States. Other species have a southern or coastal distribution.
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Celina bubbelli Young, 1979
Distribution and Abundance: Uncommon in southern third, very rare far
ther north (Table 1). County records: 25, 48;54-55, 57-61, 63-65, 68. Range:
ON-PQ-MD-AL-KS.
Habitat: Most beetles were collected from shallow len tic habitats with
cattails (Typha); Young (1979) commented on their association with cattails.
In late September, two students in my class collected several C. hubbelli
adults from an aggregation of "about a hundred" they found on roots of a
cattail. I believe the spinose ends of the abdomen and elytra may be used to
pierce cattails and obtain oxygen for respiration in a manner similar to that
used by Coquillettidia and Mansonia mosquito larvae. Spangler (1973) sug
gested the recurved extensions of the lateral tracheal trunks of larvae were
also used for that purpose. This would permit both adults and larvae to
remain on cattails without having to surface for air.
Life Cycle: Adults occurred 13 May to 29 September, most of them in
June; teneral adults were found 24 and 29 September. Adults probably over
winter on roots of cattails and do not become active until mid-May, when the
soil in which cattails grow finally: warms. This leads to delayed mating and
oviposition, with larvae not completing development until late summer. It is
unlikely the teneral adults resulted from a second generation.
Identification: The spinose apicies of the abdomen and elytra in Celina are
distinctive; the size and brown color, with the basal fourth of the elytra and
pronotum paler, separate C. hubbelli from C. angustata, the most similar
species. A larva of Celina from Maryland that was described by Spangler
(1973) as C. angustata may have been C. hubbelli, which also occurs in Mary
land and was not described until 1979.

Desmopacbria Babington, 1841
One species of this neotropical genus occurs in the northern United States
and Canada. Young (1981) studied the convexa·grana group and provided a
key to species of adults.
Desmopacbria convexa (Aube, 1838)
Distribution and Abundance: Very common statewide (Table 1). County
records: 1-27, 29-33, 35-61, 63-72. Range: NT-PE-GA-TX-WY.
Habitat: Most adults were collected from ponds, especially smaller ponds
in open areas; they also were found in marshes, bogs, swamps, and ditches.
Life Cycle: Adults occurred 22 February to 14 November, with substan
tial numbers being collected in October. Teneral adults (88) were found 16
June to 30 September, all except three from 28 June to 3 September; most
later collections were from northern counties. In the laboratory, Barman
(1973) reared eggs to adults in about 25 days. Adults apparently overwinter in
ponds, then mate and oviposit in late Mayor June; most larvae complete
development in July and August. The life cycle is probably univoltine. but a
partial second generation may occur in some years.
Identification: The very small size, almost round shape. and rather uni
formly brown color make adults easy to recognize. In Wisconsin they most
resemble adults of Hygrotus farctus, which are about the same size and nearly
the same shape and color; however. adults of that species have much longer
antennae and longer legs with basally narrowed and slightly arcuate tibiae.
Barman (1973) described the larva.
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Hydrovatus Motscbulsky, 1853
Young (1956) provided a key to species in the eastern United States; only
one species is likely to occur in Wisconsin. In 1963, Young changed the name
of the species in Wisconsin from H. cuspidatus pustulatus to H. pustulatus
pustulatus.
Hydrovatus pustulatus pustulatus Melscbeimer, 1846
Distribution and Abundance: Common in southern third to uncommon in
northern third (Table 1). County records: 4, 6, 12, 14, 16,20,23, 25, 28-29,32,
35-40,42-45,47-66,68-72. Range: ON·PQ-GA·LA-AR. Hydrovatus pustula
tus compressus Sharp occurs coastally from NC·LA.
Habitat: Most adults were collected from open ponds; several also were
collected from marshes, especially larger ones.
Life Cycle: Adults occurred 31 March to 1 November. Almost 97% were
collected from May through September (65% in July and August). Teneral
adults occurred 25 June to 19 October, 92% of them 18 July to 14 September.
I believe adults overwinter in ponds because 14 were collected in October and
November. Apparently oviposition is delayed until late spring and early sum
mer, with peak oviposition occurring at different times in different years. The
life cycle is probably univoltine because occurrence of the 74 teneral adults
follows a normal curve that peaks in early August.
Identification: Adults are readily recognized by their small size, rounded
shape, and slightly pointed elytral apex. Their fan-shaped prosternal process
is unique among Wisconsin dytiscids. Four pale maculae, which become
obscure in older beetles, are evident on elytra of many specimens. Spangler
(1962) described the larva.
Hygrotus Stephens, 1828
A revision of Hygrotus in North America by Anderson (1971, 1976, 1883)
included 42 species; 14 were found in Wisconsin. '!\vo additional species that
may occur here are included in the key. Adults of several species are fre
quently encountered; H. sayi is the most abundant dytiscid in Wisconsin.
Females of some species have dense reticulate microsculpture on their elytra,
which gives them a dull appearance. In most of these species females are
dimorphic, with a few or many individuals having shiny elytra like the males.
The percentage of females with dense, reticulate microsculpture in Wisconsin
is given for each species based on inspection of 100 individuals from several
collection, or all females when less than 100 were collected. Anderson (1971,
1976, 1983) illustrated the penis and parameres of all species, but did not
illustrate female gonocoxae. Gonocoxae are very helpful in identifying some
females, and are illustrated for eight species (Figs. 1-8). Identification of
teneral specimens that lack pigmentation may be difficult.

Key to Species of Adult Hygrotus in Wisconsin
1.

Ventral surface from mesothorax to tip of abdomen mostly testaceous
to rufous, similar to color of elytra or lighter, sometimes with infus
cate areas; small :s; 3.30 mm long; shape oval to round with length!
width (LfW) ratio < 1.75, except 1.79-1.89 in H. sylvanus... ... 2
Ventral surface from mesothorax to tip of abdomen black and much
darker than elytra, except in teneral specimens; mostly larger spe
cies, 2: 3.35 mm long, except H. turbidus, most H. sellatus, and
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most H. suturalis; shape elongate, usually about twice a long as
wide (LIW > 1.75) ........................................6
Length 2.15-2.75 mm; each elytron testaceous with four distinct black
or fuscous maculae, which may coalesce ............. .acaroides
Longer than 2.75 mm or elytra without distinct maculae .........3
Very small, 2.00-2.40 mm long; prosternum with a distinct spine-like
tubercle ........................................... .farctus
Larger, 2.45 mm or longer; prosternum without a spine-like tubercle4
Deeply convex; frontoclypeus margined anteriorly; 2.75-3.30 mm
long ...... , , , , . , .. , , .. , , , , , , , , .. , ..... , , . , ... , , , .... .sayi
Not deeply convex; frontoclypeus not margined anteriorly, ..... , .5
Metacoxal plate almost always infuscate; elytra shining in male, dull
and reticulate in female; larger, 2.65-3,25 mm long, .laccophilinus
Metacoxal plate not infuscate; elytra reticulate and shining in both
sexes; smaller, 2.45-2.55 mm long, ..... , , , ... , ...... .sylvanus
Very large, > 4.4 mm long; elytra with pronounced dual punctation
and confluent large punctures that often form basal striae, except
in 24-31% of females that have dull elytra with dense elytral
microsculpture. , , ........................................7
Mostly smaller, < 4.4 mm long; if > 4.4 mm long, elytra lack distinct
dual punctation and all females have shiny elytra .............8
Basal piceous mark on pronotum extending laterally almost to mar
gin; elytra uniformly dark rufous; elytral punctures on males and
shiny females very large, almost confluent. and obscuring
impressed discal striae; gonocoxae with elongate stylus (Fig. 1);
4.70-5.50 mm long ................................. .picatus
Basal piceous mark on pronotum only as wide as head; elytra with pale
vittae, which may be indistinct; elytral punctures on males and
shiny females smaller, impressed discal striae evident; gonocoxae
with short, triangular stylus (Fig. 2); 4.40-5.30 mm long ....... .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .impressopunctatus
Distinct dual punctation on elytra, with larger punc~ur~s J?ore than twice
as large as smaller punctures; elytral markings mdistmct .........9
Elytral punctures of nearly unif?rm ~iz~, rarely w~th a few larger punc
tures basally; elytra often With dlstmct markmgs ............11
Small, 2.65-3.20 mm long ............................. .turbidus
Larger, > 3.35 mm long,. , , ...... ,., ..... , ...... , ..........10
Apex of last abdominal sternum with a glabrous longitudinal depres
sion; 3.65-4.25 mm long ........................... .dissimilis
Apex of last abdominal sternum evenly punctate and without a longi
tudinal depression; 3.35-4.25 mm long ................ .compar
With two or more dark vittae on elytra; larger, > 3.9 mm long ...12
Elytra without dark vittae; smaller, < 4.3 mm long, ............13
Sutural dark vitta and 4 piceous vittae on each elytron, the lateral one
interrupted; 4.2-4.6 mm long (Anderson 1983) ............. .{alii
Each elytron with 2 subsutural vittae that coalesce with posterior
blotches and with other blotches subhumerally and laterally;
3.95-4.80 mm long. , ......... , ......... , ........... .nubilus
Second protarsal segment of male widest, subequal to apical width of
tibia; elytra of 74% of females with dense elytral microsculpture;
gonocoxae short, widened laterally, and dorsally concave (Fig. 3);
3.45-4.25 mm long ............................... , .patruelis
Second protarsal segment of male not widened, much narrower than
apical width of tibia; elytra of females without microsculpture; if >
3.45 mm long, gonocoxae are elongate (Fig. 4) ...............14
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O.5mm

Figures 1-8. Gonocoxae of species of Hygrotus: 1. H. picatus. 2. H. impressopunctatu5.
3. H. patruelis. 4. H. marklini. 5. H. compar. 6. H. dissimilis. 7. H. (aUi. 8. H. nubilus.

14(13)_ Elytra with dark blotches covering most or all of elytra; larger,
3.50-4.05 mm long ................................ .marklini
Elytra testaceous with a fuscous longitudinal subhumeral spot and a
larger apical blotch; smaller, usually less than 3.5 mm long .... 15
15(14). Scattered larger punctures basally on elytra; protarsal claws of male
similar in shape and size; abdominal sterna of female devoid of
microsculpture; 3.0-3.6 rom long (Anderson 1983) ..... .suturalis
All basal punctures on elytra similar in size; anterior protarsal claw of
male broader and strongly arcuate basally; middle of abdominal
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sterna of female with laterally stretched microsculpture; 2.9-3.5
mm long (Anderson 1983) ........................... .sellatus

Hygrotus acaroides (Leconte, 1855)
Distribution and Abundance: Fairly common in southern third to rare in
northern third (Table 1). County records: 5-6, 20, 29, 34, 42, 47, 52-54, 57,
60-62, 65, 72. Range: MB-OH-AL-TX-SD
Habitat: All adults were collected from permanent ponds in open areas.
Life Cycle: Adults occurred 13 April to 27 October, with 70 being collected
on the latter date; 76% were collected in September and October. Adults
undoubtedly overwinter in permanent ponds. Four teneral adults were found 7
June to 30 July, suggesting a univoltme life cycle, with larvae developing in
late spring and early summer. Four additional teneral adults on 20 September
indicate at least a partial second generation in some years.
Identification: Adults are easily recognized by their very small size, round
convex shape, and elytral pattern consisting of a black sutural stripe and
eight black maculae, which may coalesce.
Hygrotus compar (Fall, 1919)
Distribution and Abundance: Uncommon in northern third (Table 1).
County records: 4-5, 9,13,17,19-20. Range: AK-LB-NJ-CO-AB.
Habitat: Almost all adults (98.8%) were found in ponds, especially vernal
ponds; 94% were in 11 collections from a large vernal marsh and pond in
Forest County that is vegetated mostly with Carex stricta. Five adults were
collected from vegetated margins of streams. Three teneral adults were col
lected from permanent ponds; others were from a slough and the margin of a
stream.
Life Cycle: Teneral adults occurred 9 July to 9 September; none of the 88
adults collected from the vernal pond in Forest County on 13 July or those
found there on earlier dates were teneral. Only five adults occurred after 13
July, and four of them were teneral. I suspect adults overwinter in terrestrial
sites, which are likely dry marshy areas of vernal ponds. They invade these
vernal ponds when tliey becomed flooded in the spring and leave them as they
begin to dry, flying to more permanent ponds where they breed. Larvae appar
ently develop from June to August, and adults fly to overwintering sites
shortly after emergence.
Identification: The pronotum has a distinctive tricolored pattern, being
dark rufous across the posterior half, narrowly rufous along the anterior mar
gin, and narrowly testaceous in between. Males have modified protarsi, with
the second segment widest and about as wide as the apex of the tibia; the
anterior claw is greatly widened and bent at a right angle near its base. The
shape of the gonocoxae (Fig. 5) is also distinctive. Elytra of 91 % of the females
had a dense, dull, alutaceous microsculpture.
Hygrotus dissimilis Gemminger and Harold, 1868 H. dispar (LeConte, 1850)
Distribution and Abundance: Common west and south, rare in northeast
ern two-thirds (Table 1). County records: 3, 6, 8, 21, 25-27, 29, 32, 36-37, 41,
49-64, 67-72. Range: BC-PQ-MA-NJ-KS-WY-OR
Habitat: Adults were found in a variety of shallow ponds and marshes,
many of which were temporary.
Life Cycle: Adults occurred 13 March to 5 November, with 25% being
found in March and April and 7% after 15 September. This suggests they
overwinter in aquatic habitats. Most adults were collected in June (47%).
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Sixteen of 23 teneral adults were found 4 June to 1 August; the remainder
occurred 21 September to 5 November. Apparently most larvae develop in the
spring and emerge in early summer, and in some years there is a significant
second generation that emerges in autunm.
Identification: The glabrous sulcus near the apex of the last abdominal
sternum is distinctive. The testaceouspronotum, which contrasts sharply
with the dark rufous elytra, has a small, dark, discal spot. The protarsl of
males are not modified and females lack alutaceous elytral microsculpture.
The penis is elongate and differs from similar species by being distinctly
recurved apically. The elongate gonocoxae (Fig. 6) are distinctive.

HygrotuB falIi (Wallis, 1924)
Distribution and Abundance: Very rare in extreme north (Table 1). County
record: 1. Range: ON-PQ-MI-WI
Habitat: Two females were collected 20 July 1976 from the shallow sand
and gravel shoreline of Deer Print Lake in Douglas County.
Identification: Elytra are densely punctate with moderately large punc
tures. It is the only species likely to occur in Wisconsin with a black sutural
vitta and four discal vittae on each elytron. The second protarsal segment of
males is distinctly wider than segments one and three, and the anterior protar
sal claw is widened and semicircularly curved. The gonocoxae are very short
(Fig. 7). The two females were 4.03 and 4.13 mm long, slightly shorter than
measurements reported by Anderson (1983).
HygrotuB farctus (LeConte, 1855)
Distribution and Abundance: Rare statewide (Table 1). County records: I,
3,33,36,38,61. Range: AB-NB-NJ-IN-WI
Habitat: Adults were collected from permanent ponds and a marsh.
Life Cycle: Eight adults were found 5-11 May and five more 9-22 July.
None were teneral, but those collected 20 and 22 July were almost entirely
testaceous, indicating they had emerged recently. Adults obviously overwin
ter, but the overwintering site is unknown. Larvae probably complete develop
ment in late spring or early summer.
Identification: The elytra are dark rufous-brown. The head and pronotum
are testaceous, with the latter having rufotestaceous bands along the anterior
and posterior margins. Adults resemble Desmopachria convexa and Uvarus
granarius because of their small size and shape, but are slightly larger than
those species. The spine-like tubercle on the prosternum is diagnostic.
Hygrotus impressopunctatuB (Schaller, 1783)
Distribution and Abundance: Very common statewide (Table 1). County
records: 1-4,6-7,9, 12-18, 20-30, 32-72. Range: AK-NF-MD-KS-NM-WA.
Habitat: All teneral adults and most other adults were found in shallow,
vegetated ponds and marshes; adults were also collected from a variety of
other lentic habitats and occasionally from margins of streams.
Life Cycle: Adults occurred 22 February to 21 November, with 43% occur
ring before June and 35% during June. Many adults were found after mid
September and before mid-March, indicating they overwinter in permanent
ponds. Most of the 127 teneral adults occurred 1 June to 10 August, 83% of
them in June. Eggs probably are laid in early spring and most larvae complete
development in late May and June, with delayed development of some individ
uals. The occurrence of nine teneral adults in late September and early Octo
ber indicates a partial second generation in some years.
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Identification: In occasional specimens the basal mark on the pronotum is
indistinct and/or pale elytral vittae are absent, making separation from H.
picatus more difficult. Hygrotus picatus is usually larger, always more rufous,
and has larger elytral punctures than H. impressopunctatus, except in females
with dense elytral microsculpture. Females can always be identified by their
distinctive gonocoxae (Fig. 2). The mesal portion of the third visible abdomi
nal sternum of male H. impressopunctatus lacks alutaceous microsculpture,
which in H. picatus is present in at least the apical fourth. Only 24% of the
females had dense elytral microsculpture.
Hygrotus Jaccophilinus (LeConte, 1878)
Distribution and Abundance: Common statewide (Table 1). County
records: 1-18, 20-21, 23-27, 29-33, 35-61, 63-72. Range: NT-NS-NJ-IL
Habitat: While adults were collected from a variety of aquatic habitats,
most were found in marshes and shallow ponds, including all teneral speci
mens.
Life Cycle: Adults occurred 31 March to 17 November, 59% of them
before July and 26% in July; the remaining 15% were collected with decreas
ing frequency after July. Teneral adults (27) occurred 3 July to 14 September,
all except one of them before 23 August. I suspect adults overwinter m deeper
ponds, and throughout the spring fly to shallow ponds and marshes where
they breed. I believe the life cycle is univoltine, with larvae developing in late
spring and summer.
Identification: Adults are the same size and general shape as those of the
abundant H. sayi, but are much less convex and have an almost unicolorous
pronotum and elytra. All females have dense reticulate microsculpture dor
sally, giving them a dull appearance. Adults of the rare H. sylvanus are simi
lar, but are smaller, more elongate, lack dense, dull, microsculpture on elytra
of females, lack lateral infuscations on the metacoxal plates, and instead are
usually infuscate mesally on the venter.
Hygrotus marklini (Gyllenhal, 1813) = H. canadensis (Fall, 1919)
Distribution and Abundance: Very rare statewide (Table 1). County
records: 27, 29, 61. Range: AK-PQ-MI-CO-MT+UT+NM+NF
Habitat: The six Wisconsin adults were all collected from permanent cat
tail ponds.
Life Cycle: Adults were collected 6-28 ApriL 16 June, and 8 July. None
were teneral.
Identification: The only other Hygrotus adults of similar size that lack
dual elytral punctation and distinctive elytral markings are those of H.
patruelis, but H. patruelis males have dilated protarsal segments and most
females have dense, reticulate, elytral microsculpture. Gonocoxae of the two
species differ (Figs. 3 and 4), and the area next to the apical bead on the last
abdominal sternum is glabrous in H. marklini, while in H. patruelis many
large punctures extend to the apical bead.
Hygrotus nubilus (LeConte, 1855)
Distribution and Abundance: Common statewide, except uncommon in
northwest quarter (Table 1). County records: 6-7,15-18,24-25,27,29,31-32,
35,37,39-40,42-43,45-47,50-64,66,70-72. Range: ON-NS-AZ-MT.
Habitat: The 13 teneral adults and most other adults were collected from
permanent ponds.
Life Cycle: Adults occurred 27 March to 8 December, with 15% being
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collected after September and 14% before June. Ten teneral adults were found
2 June to 4 August, six of them in June; three more occurred 21 September to
19 October. Adults probably overwinter in ponds and mate and oviposit in
early spring; larvae complete development in late spring and early summer.
Teneral adults in early autumn probably resulted from a partial second gener
ation.
Identification: Adults are distinctive because of their relatively large size,
elongate shape, uniform medium-sized punctures on the elytra, and elytral
stripes and blotches as described in the key. Anterior protarsal claws of males
are distinctly widened and bent at a right angle. Females have weak elytral
microsculpture, but are still shiny; their gonocoxae are distinctive (Fig. 8).
Hygrotus patruelis (LeConte, 1855)
Distribution and Abundance: Fairly common statewide (Table 1). County
records: 4,6-7, 12,21-22,24-27,29,35,40,42-50,53-54,57,59,61,66,68.
Range: AK-NF-WI-NM-CA.
Habitat: Adults were collected from a variety of ponds
Life Cycle: Adults occurred 1 April to 21 October. Because 35% were
collected in April and 19% after 15 September, I believe adults overwinter in
ponds. Teneral adults (9) were collected 7 June to 30 July, which indicates a
univoltine life cycle with larval development in spring and early summer.
Identification: Elytra are piceous, except laterally in the basal half, where
they are testaceous. There is a basal dark band on the testaceous pronotum
that is usually widened at the middle by a dark spot. While 74% of females
had dense microsculpture on the elytra, some were shiny like males. Separa
tion from H. marklini is discussed under that species.
Hygrotus picatus (Kirby, 1837)
Distribution and Abundance: Common statewide (Table 1). County
records: 1-27,29-68,70-72. Range: AK-NF-NY-SD.
Habitat: Adults were collected from a wide variety of len tic habitats, but
mostlr. from shallow ponds, marshes, and swamps.
Life Cycle: Adults occurred 20 February to 21 November, with almost
94% being collected from April through August. Thirty teneral adults were
found 13 June to 10 September, 22 ofthem occurring between 25 June and 22
July. A univoltine life cycle is likely, with adults probably overwintering in
ponds. Most larvae develop in late spring and early summer; a few apparently
develop somewhat later.
Identification: Only adults of H impressopunctatus are likely to be con
fused with those of H. picatus. Separation is discussed under that species.
Only 31 % of the females had dense elytral microscultpure.
Hygrotus sayi J. Balfour-Browne, 1944
Distribution and Abundance: Abundant statewide (Table 1). County
records: 1-72. Range: YK-NF-GA-NM-CA.
Habitat: Adults, including teneral specimens, were collected from a wide
variety of habitats, but most were found in small ponds.
Life Cycle: Adults occurred 29 February to 4 December in lenUc habitats;
they apparently overwinter in deeper ponds. Less than 2% were collected after
September and before April; 75% occurred from June through September.
Teneral adults were found 27 May to 21 October, 80% of them 16 June to 15
August. This suggests a univoltine life cycle with most larvae developing in
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spring and early summer; in some years a second generation apparently
develops in late summer and early autumn.
Identification: The small size, rounded shape, and deep dorsal-ventral
convexity make this species easy to recognize. In older specimens elytra are
dark rufous to fuscous, and contrast with the paler pronotum and head. In
many younger beetles, however, the elytra are not much darker than the
pronotum and are marked with indistinct fuscous maculae. The underside is
entirely testaceous, differing from adults of the similarly shaped but less
convex H. laccophilinus, which normally have infuscate metacoxal plates.
Hygrotus sellatus (LeConte, 1866)
Distribution and Abundance: Not yet found in Wisconsin. Range: NT-ON
MI-MN-KS-CO.
Habitat: Larson (1975) collected adults from fresh to partially saline prai
rie ponds.
Life Cycle: Larson (1975) collected teneral adults in Alberta on 11 July.
Identification: In addition to characters in the key, the apical elytral
macula is smaller and usually more sharply defined than in H. suturalis, and it
is never joined to the subhumeral mark as it may be in that species (Anderson
1983).
Hygrotus suturalis ILeConte, 1850)
Distribution and Abundance: Not yet found in Wisconsin. Range: AK-NF
MI-CO.
Habitat: Larson (1975) reported finding adults in fresh water ponds, espe
cially those in parkland and mixed forest areas of Alberta.
Identification: Separation from H. sellatus is discussed above. Elytral
markings are often obscure, but adults can be readily separated from those of
the larger H. patruelis and H. marklini by characters in the key.
Hygrotus sylvanus (Fall, 1917)
Distribution and Abundance: Very rare (Table 1). County records: 3, 39.
Range: ON-PQ-MA-MN.
Habitat: All four adults (2 collections) were found in sedge marshes.
Life Cycle: Adults occurred 24 April and 12 June. None were teneraL
Identification: Adults are distinctly more elongate than H. farctus and H.
acaroides, the only other very small Hygrotus. Small, teneral adults of H.
turbidus could be confused with those of this species, but they lack the fine
elytral microsculpture that occurs in adults of H. s?,lvanus. Adults resemble
those of the somewhat larger H laccophilinus; theIr separation is discussed
under that species.
Hygrotus turbidus (LeConte, 1855)
Distribution and Abundance: Fairly common in eastern third to rare in
western third (Table 1). County records: 1, 10, 13, 17, 21-24, 38-43, 45-48, 57,
61,66-67,69-72. Range: AK-PE-NY-CO-OR.
Habitat: Most adults and all teneral adults were collected from shallow
ponds.
Life Cycle: All adults occurred 1 April to 3 September, except two that
were found 6 November in a pond in Jefferson County. Eight teneral adults
were collected 12 July to 4 August. The life cycle is probably univoltine, with

286

THE GREAT LAKES ENTOMOLOGIST

Vol. 26, No.4

adults overwintering in permanent ponds and larvae developing in spring and
early summer.
Identification: The small size separates adults from those of all other
species that are black ventrally, except H. sellatus and H. suturalis, which
lack distinct dual punctation on the elytra. The dual elytral punctation, and
elongate shape (L/W about 2.0) will separate teneral adults from those of other
small species of Hygrotus.

Laccornis Gozis, 1914
The genus was revised by Wolfe and Roughley (1990), who found 10 spe
cies worldwide and 8 species in the United States. Three species were collected
in Wisconsin. Four other species occur to the south and east, with L. etnieri
Wolfe and Spangler, 1985, occurring as far northwest as central Indiana; no
other species is Ilkely to occur as far north as Wisconsin.

Key to Species of AduU Laccornis in Wisconsin
L

Elytra with distinct dual punctation, larger punctures at least twice
diameter of smaller punctures; smaller, < 6.1 mm long ..........2
Elytra with only inconspicuous small punctures and some larger strial
punctures; larger, 6.30-6.95 mm long .................. .deltoides
2(1). Elytra with about equal numbers of small and large punctures; smaller,
4.30-5.25 mm long ................................. .conoideus
Elytra with large punctures at least twice as numerous as small punc
tures; larger, 5.15-6.05 mm long......................... .latens

Laccornis conoideus (LeConte, 1850)
Distribution and Abundance: Common statewide (Table 1). County
records: 1-3, 6, 8, 11-12, 14-21, 23-24, 26-27, 29-35, 38-45, 47-52, 54, 57,
59-61, 63-68, 70-72. Range: YK-NF-NY-NB-CO.
Habitat: Adults were collected from a variety of shallow ponds and
marshes, especially temporary vernal habitats.
Life Cycle: Adults occurred 21 March to 22 August, with 65% being found
27 March to 4 May, and 33% 30 May to 24 July, the period during which all
teneral adults (32) were collected. Ninety percent of the teneral adults were
collected 30 May to 30 June. The absence of adults in collections between 22
August and 21 March suggests adults overwinter in terrestrial habitats,
return to breeding sites to mate and oviposit in late March and April (83%
females), and then die. Most larvae complete development in late May and
June, with a few stragglers pupating in July. Adults apparently enter over
wintering habitats in mid-to late summer to complete the univoltine life cycle.
Collections after 30 May contained 70% males.
Identification: Adults are readily recognized by their dark venter and
attenuate elytra with distinct dual punctation. The large elytral punctures are
about the same size as those of the discal striae, which they obscure; they are
much more widely spaced than in L. latens. Because of their size and color,
adults superficially resemble large Hydroporus paugus Fall, but adults of that
species lack dual elytral punctation.
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Laccornis deltoides (Fall, 1923)
Distribution and Abundance: Rare in southeast area (Table 1). County
records: 66, 70, 72. Range: ON-OH-IL-WI.
Habitat: All adults were collected from small ponds that were in, or adja
cent to, wooded areas. All except one, were collected from vernal ponds, which
I believe to be their breeding habitat.
Life Cycle: Ten adults were found in four sites 31 March to 5 April; three
more, including the only teneral specimen, were collected at three sites on 9
June. I believe a univoltine life cycle similar to that described for L. conoideus
is likely. As in L. conoideus, mostly females overwintered (90%), and two of
the three June specimens were males.
Identification: The large size, rather uniform brown color, and tear-drop
shape immediately separate adults from those of other Hydroporinae.
Laccornis latens (Fall, 1937)
Distribution and Abundance: Fairly common statewide (Table 1). County
records: 2, 5-9, 12-14, 23, 27, 30, 33-35, 39, 42-43, 45, 47-48, 52, 54, 57,
59-60, 64-65, 67. Range: ON-NB-NJ-WI.
Habitat: Almost all adults were collected either from sloughs and marshes
adjacent to streams or from swamps and boggy areas with at least some
Sphagnum; the latter probably is their breeding habitat. Collections from the
former sites predominated in early spring. The only teneral adult was col
lected from a small pond adjacent to a large wooded area that floods in the
spring.
Life Cycle: As with L. conoideus, 65% of the adults were found before
May, but L. latens occurred earlier (27 February to 24 April), with 30% being
collected before April. These overwintering adults were mostly females (75%).
The remaining adults (83% males) were found from 30 May to 20 August,
except one female that was collected from a river backwater on 7 October. I
believe this species also overwinters in terrestrial sites and has a life cycle
similar to that described for L. conoideus. The occurrence of adults in flooded
areas in late winter was likely due to flooding of overwintering sites by water
from melting snow. The only teneral adult was found 30 June, suggesting
larval development occurs later than in other Laccornis because of the colder,
boggy habitat of larvae.
Identification: The size, attenuate shape, and red color at the base of the
elytra make it possible to recognize this species in the field. The rufous base of
the elytra is evident in adults preserved in ethanol, and contrasts with the
pronotum and remainder of the elytra, which are fuscous.

Liodessus Guignot, 1939

Larson and Roughley (1990) reviewed the six species known from North
America north of Mexico, and provided a key to adults of all species along
with detailed descriptions and notes on habitat and distribution. Four species
occurred in Wisconsin; the other two species are found in Florida or from
South Dakota to New Mexico. Characters in the key below that use color may
not apply to very teneral specimens that are almost entirely testaceous. Iden
tification sections under each species should be consulted when identifying
teneral specimens.
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Key to Adult Liodessus in Wisconsin
1.

Elytra with bold checkerboard pattern, rarely completely fuscous and
much darker than pronotum; metatibia and metacoxal plate testa
ceous; metacoxal plate with dense, coarse punctures mostly separated
by less than their diameters; 1.72-1.93 mm long ........ .flavicollis
Elytra unicolorous or with inconspicuous dark striae and maculae;
metatibia or metacoxal plate infuscate; metacoxal plate rugose with
inconspicuous punctures or sparsely covered with coarse punctures

..........................................................2
2(1). Pronotum pale, with a large, fuscous, mesal spot on disc that extends
almost to anterior margin; metacoxal plate usually infuscate. and
~ugose wi~h inc.onspic.uo~s punctures; metatibia flavous, occasion~ll'y
mfuscate m apIcal thIrd, 1.92-2.23 mm long .............. .affm~s
Pronotum without a large, fuscous, mesal spot on disc; metacoxal plate
not infuscate, and either with distinct coarse punctures, or rugose
with inconspicuous punctures; metatibia infuscate, except in basal
fourth ....................................................3
3(2). Metacoxal plate and mid-metasternum with distinct, coarse punctures
1.87-2.15 mm long .................................. .fuscatus
Metacoxal plate rugose with inconspicuous punctures and mid
metasternum with inconspicuous fine punctures; 1.73-1.96 mm long
(Larson and Roughley 1990) .......................... .cantralli

Liodessus affinis (Say, 1823)
Distribution and Abundance: Abundant statewide (Table 1). County
records: 1-72. Range: AK-NF-FL-CA.
Habitat: Adults were collected from a variety of lentic habitats, but the
vast majority, including teneral specimens, were found in ponds. In autumn,
and occasionally at other times, adults also occurred along banks of streams,
which many apparently entered to overwinter.
Life Cycle: Adults occurred 27 March to 8 December, 97% from April
through October and 61 % from July through September. Teneral adults
occurred from 19 May to 19 October, with 67% being found in June and July
and 27% 13 August to 28 September. Adults overwinter in deeper water and
enter breeding sites mostly in April. Larvae apparently develop throughout
much of the spring and summer, with those emerging in late summer and
autumn probably representing a partial second generation in some years.
Identification: The discal infuscation on the pronotum can be readily seen
on all except very teneral specimens; no other very small « 3 mm long)
Wisconsin dytiscid has such a mark. Teneral specimens may resemble L. can
tralli as discussed under that species, but in almost all teneral specimens the
elytral pattern and discal pronotal infuscation are evident.
Liodessus cantralli (Young, 1953)
Distribution and Abundance: Very rare (Table 1). Country records: 23, 53,
59. Range: AB-MB-MI-WI.
Habitat: An adult was collected by Kevin Kenow from the Horicon Marsh
and identified by Kurt Schmude and me, but subsequently the specimen was
lost. Other adults were found in a small pond and under the bank of a river.
The latter was apparently an overwintering site since the beetle was collected
on 15 November. Young (1953) indicated adults occurred among Sphagnum in
neutral bogs, and not in acid bogs. Larson and Roughley (1990) found them in
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Drepanocladus mats and stated "It is more characteristic of fen than bog
habitats."
Life Cycle: Larson and Roughley (1990) indicated adults overwinter in
aquatic habitats, which is supported by my collection from the Kickapoo
RIver on 15 November.
Identification: The color of adults is similar to that found in L. fuscatus,
but usually somewhat lighter. The Horicon Marsh specimen was paler, but the
Shawano county specimen was as dark as most L. fuscatus. The lack of dis
tinct coarse punctures on the metacoxae and metasternum, the finer punc
tures on the elytra, the gradual narrowing of the pronotum from base to apex,
the longer basal elytral plicae, and the impressed sutural striae that extend
nearly to the apex of the elytra will separate all specimens from L. fuscatus.
Morphological characteristics are most similar to those of L. affinis, and
teneral specimens could be confused with that species. The Kickapoo River
specimen was pale and probably had emerged recently, but the above charac
ters were evident, even the infuscate apical three-fourths of the metatibia.
Wisconsin specimens that were measured were 1.87 and 2.03 mm long.
Liodessus flavicollis (LeConte, 1855)
Distribution and Abundance: Uncommon statewide (Table 1). County
records: 3, 7,16-17,19,30,39,52,57,60-61,63,70-71. Range: MB-PQ-FL
MS-MN.
Habitat: All collections were from deeper habitats, including margins of
lakes and deep ponds, pool areas of streams, a gravel pit, and a ditch.
Life Cycle: It is possible adults do not fly and do not have to come to the
surface to renew their air supply (Larson and Roughley 1990). Adults occurred
from early May to early October; eight teneral adults were found 24 June to 17
August. The life cycle is probably univoltine, with adults overwintering in
their breeding sites and mating and ovipositing in the spring; larvae complete
development from late spring to mid-summer.
Identification: The checkerboard elytral pattern, pale le~s and venter, and
numerous large punctures on the metacoxal plates .are distmctive.
Liodessus fuscatus (Crotch, 1873)
Distribution and Abundance: Fairly common in northern third and central
area, rare elsewhere (Table 1). County records: 1-4, 10-11, 13, 15, 17-18, 21,
31, 33, 36-37, 39, 58. Range: SK-LB-FL-TX.
Habitat: Almost all adults were collected from acidic habitats, which are
most prevalent in the northern half of the state.
Life Cycle: Adults occurred 27 March to 27 August; single teneral adults
were found 20 and 22 July. A lack of collections after August likely resulted
from a lack of autumn samples from swamps and bogs and not from overwin
tering in terrestrial sites. The occurrence of teneral adults in late July indi
cates most larvae develop in late spring and early summer.
Identification: The uniformly rufous ventral surface and pronotum, infus
cate apical two-thirds of the metatibiae, coarse elytral punctures, scattered
coarse punctures on the metacoxae and metasternum, and the rounded lateral
margins of the pronotum, which cause it to be as wide at the middle as at the
base, are distinctive features that will identify adults.
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Lioporeus Guignot, 1950

Only two species occur in North America. In 1981, Wolf and Matta placed
them in a new genus, Falloporus, but Wolfe (1983) subsequently found they
belonged in Guignot's genus Lioporeus. Lioporeus triangularis was described
by Fall (as H)'droporus) based on a series of 4 males and 6 females from Sauk
City, WI, which were collected by W. S. Marshall for J. D. Sherman (Wolfe and
Matta 1981); 30 additional specimens collected by W. S. Marshall from Sauk
City are presently in the Insect Research Collection and Aquatic Insect Col
lection at the University of Wisconsin-Madison. The second species, L. pilatei
(Fall, 1917), occurs from North Carolina to Texas.
Lioporeus triangularis (Fall, 1917)
Distribution and Abundance: Very rare in southern two-thirds. County
records: 31, 57. Range: WI-PA-AL-MS-MO.
Habitat: Single adults were collected from under the banks of Hay Creek
in Jackson County and the Wisconsin River in Sauk County. Wolfe and Matta
(1981) described the habitat as "undercut banks of clearwater streams."
Life Cycle: Wisconsin adults were found 12 May and 16 June. Wolfe and
Matta (1981) collected teneral adults in August, and believed specimens in the
Marshall collection were collected 9 August.
Identification: The checkerboard elytral pattern, configuration of the
apex of the metasternal process, and attenuate elytra make this species easy
to recognize.
Oreodytes Seidlitz, 1887

Based on Zimmerman's 1985 revision, only one species is likely to occur in
Wisconsin; most other species are confined to northwestern North America.
Oreodytes scitulus scitulus (LeConte, 1863)
Distribution and Abundance: Very rare in extreme north (Table 1). County
record: 1. Range: NT-NF-NY-MN-WY-CA+CO+NM. The other subspecies O.
scitulus bisulcatus (Fall, 1923) occurs in northern California.
Habitat: Single adults were collected from the Siskiwit River, Sioux River,
and South Fish Creek in Bayfield County.
Life Cycle: Adults were collected 25 May, 25 August, and 28 September;
none were teneral.
Identification: In addition to characters in the generic key (Hilsenhoff
1992), the numerous, narrow, black vittae on the elytra along with anterior
and posterior transverse marks on the pronotum are distinctive.
Potamonectes Zimmermann, 1921, junior synonym of
Nebrioporus Regimbart, 1906 and Stictotarsus Zimmermann, 1919

Nilsson and Angus (1992) revised the Deronectes-group of genera, placing
all North American species in Nebrioporus or Stictotarsus. Zimmerman and
Smith (1975) surveyed the North American fauna (as Deronectes), and pro
vided a key to species along with descriptions of each species and information
about their distribution and habitat. They considered Nebrioporus elegans
(Panzer, 1794) to be a synomym of N. depress us (Fabricius, 1775) because F.
Balfour-Browne had shown they intergrade in the British Isles; however, Lar
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Table 2. Comparison of means and ranges (in parenthesesl of three parameters of
Nebrioporus rotundatus collected in Wisconsin with those of Shirt and Angus (1992, for N.
rotundatus and N. macronychus. and for N. macronychus males from southern British Colum·
bia (SBC" APC = anterior pl'otarsal claw. PPC = posterior protarsal claw.
Species
Wisconsin males (25)
Wisconsin females (23)
N. rotundatus males
N. rotundatus females
N. macronychus males
N. macronychus females
N. macronychus males SBC

Total Length mm
5.09 (4.99-5.33)
5.07 (4.80-5.28)
4.8914.48-5.311
4.80 {4.46-5.20}
5.23 (4.77-5.56)
5.06 (4.57 -5.52)

APC I'm
348 (298-368)

Ratio APC/PPC
1.26 (1.17 - 1.37)

292 (255-371)

1.15 (1.03-1.33)

413 (330-464)

1.33 (1.16-1.54)

347 (310-373)

1.25 (1.13-1.36,

son (1975) and Larson and Roughley (1991) concluded these species were dis·
tinct, with N. depressus occurring in the north and N. elegans in the south.
Using morphological analysis, iso-electric focusing of proteins, and cross
breeding experiments, Shirt and Angus (1992) showed N. depressus (as Pota·
monectes) is a holarctic species that occurs in northern Manitoba, northern
Alberta, and the Northwest Territories, while N. elegans occurs only in west
ern Europe. They also concluded the N. elegans of Larson and Rougbley and
the more southern forms of what Zimmerman and Smith identified as N.
depressus were two different species, whose predicted ranges they defined on
a map_ For one species, N. rotundatus (LeConte), they predicted a range from
ON-NF·NJ-WI, and for the other, a new species that they named Pota·
monectes macronychus (now Nebrioporus), they predicted a range from BC
ON-MN-CO-NV-WA. They did not examine specimens from the area between
Manitoba and Michigan, but reported three males of N. macronychus from
Winnipeg, MB and two males of N. rotundatus from Mountain Lake, MI were
intergrades. All Wisconsin specimens are obviously intermediate between N.
rotundatus and N. macronychus; I believe the latter should be considered a
subspecies of N. rotundatus. In Table 2, three parameters of Wisconsin speci
mens are compared to those published by Shirt and Angus.
Key to species of adult Pot8monectes (Nebrioporus and Stictotarsus)
1. Outline of pronotum and elytra forming a relatively uniform arc; lateral
margin of elytron without a subapical tooth; 3.98-5.00 mm long..... .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Stictotarsus griseostriatus
Outline of pronotum and elytra not forming a uniform arc, posterior angles
of pronotum rounded; lateral margin of elytron with a small, acute,
subapical tooth; 4.80-5.33 mm long... , .... , .Nebrioporus rotundatus
Nebrioporus rotund8tus (LeConte, 1863)
Distribution and Abundance: Uncommon in northwest, north-central, and
central areas (Table I), County records: 1, 7, 9, 12, 15, 37. Range: BC-NF-NJ
CO-NV-WA.
Habitat: Adults were collected from nine different streams and a small
impoundment.
Life Cycle: Twenty-six percent of the adults occurred 28 April to 22 June;
the remaining 74% occurred 26 August to 10 November. Four teneral adults
were found 26 August to 16 October. Apparently adults overwinter, mate and
oviposit in late spring, and die. None were collected 23 June to 25 August.
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Larvae develop in streams during the summer and pupate and emerge in late
summer and early autumn.
Identification: Like S. griseostriatus, the dorsal color pattern of adults is
distinctive; it is similar only to that found in the smaller Hydroporus supe
riorus. Adults are mostly testaceous, with three narrow black vittae on each
elytron and with partial vittae and maculae laterally and mesally. The prono
tum has a narrow anterior black band and a broader posterior band mesally;
the head is testaceous.
There is significant overlap in the 11 mensural characters used by Shirt
and Angus (1992) to separate N. rotundatus from N. macronychus. Three of
these characters were measured on 25 males and 23 females from Wisconsin
and are compared in Table 2 with measurements published by Shirt and
Angus. Wisconsin specimens are closer to N. macronychus than N. rotundatus
in size, but the anterior protarsal claws of males are very much shorter than
those of N. macronychus, with the longest (368/Lm) being well short of the
average for N. macronychus (413/Lm). Interestingly, the APC length and APC/
PPC ratio that Shirt and Angus reported for a race of N. macronychus from
southern British Columbia are almost identical to those parameters in Wis
consin males (Table 2).

Stictotarsus griseostriatus (DeGeer, 1774)
Distribution and Abundance: Fairly common statewide (Table 1). County
records: 3-4, 6, 15-18, 21,23,25,27, 29-30, 35, 37-39,47-48,50, 53, 57-58,
60-61,63, 67-68. Range: AK-NF-NC-CA
Habitat: Eighty percent of the adults were collected from len tic habitats
between late March and mid-July; the remainder were found in lotic or semi
lotic habitats from late June to late March. Adults were found only in ponds
after 22 March and before 23 June. They occurred only in streams, a spring
pond, and a lake from mid-July to mid-March.
Life Cycle: Twenty-nine teneral adults occurred 19 May to 19 June in a
variety of ponds and a ditch. Adults obviously overwinter in streams, spring
ponds, or lakes, entering these habitats within a month after emergence in the
spring. In March and April they fly back to ponds where they mate, oviposit,
and eventually die. Larvae complete development in these ponds from mid
May to mid-June, and adults emerge from their pupal cells shortly thereafter.
Identification: The dorsal color pattern is umque among small dytiscids in
Wisconsin. The elytra are dark (almost completely so in some specimens) with
narrow pale vittae; the pronotum is testaceous laterally and black in the
middle two-thirds, with a longitudinal testaceous mark on the disc; the head is
black with mesal testaceous marks that may be connected.

Uvarus Guignot, 1939
This genus has not been revised in North America, but Young (19691
provided a checklist of species with notes on their distribution; he listed three
species from the northeastern United State, two of which occur in Wisconsin.
The third species, U. suburbanus, was described by Fall (1917) from New York
and Pennsylvania. He noted "Although closely related to granarius, it is abun
dantly distinct by its less broadly ovate form, less pointed behind, and finer
sparser punctuation both above and beneath." Elytra were described as
"ochreous, clouded with fuscous at base, narrowly so along the elytral suture,
and with some more or less evident transverse discal clouds behind the mid
dle," and unlike U. lacustris, the metasternum and abdomen are "brownish
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ochreous." No adults that fit Fall's description of U. suburbanus were found in
Wisconsin, and I believe they do not occur here.

Key to Species of Adult Uvarus in Wisconsin
1. Broadly ovate; elytra, metacoxal plates, and venter a rather uniform dark
rufous; metasternum and metacoxae coarsely punctate; elytra coarsely
punctate; 1.58-1.90 mm long........................... .granarius
Elongate oval; metacoxal plates and sometimes venter infuscate or black,
darker than elytra; metasternum and metacoxae with inconspicuous
fine punctures; elytra finely punctate; 1.66-1.96 mm long ... .lacustris
Uvarus granarius (Aube, 1838)
Distribution and Abundance: Common statewide, except in northeast,
north-central, and east-central areas (Table 1). County records: 1, 3, 5-6, 12,
16,25,28-29,31-32,36-39,41,47,49-52,54,57-58,61,65,68,71-72. Range:
MB-NS-FL-AL-WI.
Habitat: Although adults were found in a variety of len tic habitats, most
occurred in ponds, including all teneral specimens.
Life Cycle: Adults were collected 7 April to 27 October, with 86% found in
May, June, and July. The collection of 16 adults after 15 September, all of
them from deeper ponds and sloughs, suggests they overwinter in such sites.
The small number of adults found before May « 0.5%) and large number
collected in May (27%) indicate most adults become active in mid-spring.
Teneral adults (12) were found from 29 June to 20 July, showing larval devel
opment in this univoltine species is completed early in the summer.
Identification: Adults are readily separated from those of U. lacustris by
the key. They resemble adults of the slightly larger Liodessus fuscatus, but
are relatively broader, have a continuous elytral-pronotal outline, and lack a
transverse carina on the head.
Uvarus Jacustris (Say, 1823)
Distribution and Abundance: Common in southern third to uncommon in
northern third (Table 1). County records: 1, 19,21,23-24,26-27,30,32,36-37,
39-40,43-44,49,53-58,60-68,70-72. Range: ON-MA-FL-AL-WI.
Habitat: While most adults occurred in ponds, they were also found in
marshes, bogs, sloughs, ditches, spring ponds, and along margins of streams.
Teneral adults were collected from a similar variety of habitats.
Life Cycle: Adults were numerous two months later than those of U.
granarius, with 86% of them being collected from July through September.
Only 3% of the adults were collected before June, but 18% were collected 15
September to 23 October, which indicates they overwinter in aquatic habitats.
Teneral adults (57) were found 6 July to 19 October, 88% of them before 26
August. Adults apparently do not mate and oviposit until late spring, which
delays completion of larval development until early and mid-summer. Three
teneral adults collected in mid-September probably resulted from delayed ovi
position, but four that occurred in mid-October may have resulted from a
partial second generation.
Identification: Because of their small size, shape, and color, adults most
resemble those of Liodessus affinis, but that species is slightly larger, has a
fuscous spot on the pronotal disc, and also has a transverse carina between
the posterior margins of the eyes. Teneral specimens have a more elongate
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shape than those of U. granarius, and lack the distinct, large punctures on the
metasternum and metacoxal plates.
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CHECKLIST OF THE ANTS OF MICHIGAN (HYMENOPTERA: FORMICIDAE)
George C. Wheelerl,2 Jeanette N. Wheeler2 and Paul B. KannowskP

ABSTRACT
A total of 113 species of ants is recorded by county from the state of
Michigan. The list is based upon literature records and specimens in the
authors' collections and those of the University of Michigan Museum of Zool
ogy and tbe Michigan State University De~artment of Entomology. The list
includes 3 species in Ponerinae, 44 in Myrnucinae, 6 in Dolichoderinae, and 60
in Formicinae. Ten species represent new state records. Five distribution pat
terns are evident: statewide (39 species), southern counties only (5), southern
3/4th of Lower Peninsula (10), Lower Peninsula (17), and Upper Peninsula (2).
Forty species have been collected too infrequently to determine the distribu
tion within the state.

The earliest record of ants collected in Michigan is W. M. Wheeler's (1905)
description of Formica impexa, collected by O. McCreary in 1902 "on the
Porcupine Mountains in northern Michigan" (Ontonagon County). This is the
first of five species described from the state. In 1909 W. M. Wheeler described
Formica adamsi from Isle Royale (Keweenaw County), collected in 1908. The
specimens collected by C. C. Adams, H. A. Gleason, and Otto McCreary from
Isle Royale and the Porcupine Mountains in the Upper Peninsula are in the
collection of the Museum of Zoology at the University of Michigan.
F. M. Gaige, curator of insects at the University of Michigan Museum of
Zoology, was the first myrmecologist to live and work in Michigan. In 1910 he
collected ants on Charity Island (Arenac County) and published a list of 20
species in 1914. He also published (1916) a list of 15 species from Whitefish
Point (Chippewa County) that were collected in 1914 by N. A. Wood. 'I'wenty
eight species are represented in these two studies. Gaige also collected exten
sively In Schoolcraft and Washtenaw counties but did not publish these stud
ies.
Mary Talbot (1934) included species in extreme southwestern Michigan as
part of a study of the ecology of ants in the region around Chicago, Illinois. In
1945 and for several years thereafter she studied the ecology of certain ants at
the University of Michigan Biological Station in Cheboygan County (Talbot
1946, 1948). For 25 summers between 1951 and 1980 Talbot conducted
research on the ants of the Edwin S. George Reserve in Livingston County.
From the research on this 514 ha (1268 acre) sanctuary of the University of

IDeceased.
2Research Associates, Florida State Collection of Arthropods. Address: 3338 NE
58th Avenue, Silver Springs. FL 34488-1867.
3Adjunct Curator of Insects, Museum of Zoology, University of Michigan.
Address: Department of Biology. University of North Dakota, Grand Forks. ND
58202-9019.
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Michigan she published 20 articles including a list of the 87 species found on
the Reserve (1975b). She collected three new species of ants: Formica gynocra
tes Snelling and Buren (1985), Formica talbotae Wilson (1976), and Monomo
rium talbotae DuBois (19811. In addition, a specimen that Talbot collected at
the Reserve was selected by Wing (1968) as a neotype for Acanthomyops
latipes (Walsh). There are probably other species that will be described from
her collections at the Reserve.
In a study of the ants of the Chicago area Gregg (1944) found 95 species,
of which 30 were from Berrien and St. Joseph counties, Michigan. Taxonomic
revisions by Creighton (1940), Francoeur (1973), Smith (1947, 1952), Weber
(1948,1950), Wheeler (1910a, 1910b, 1913, 1915), Wilson (1955), and Wing
(1968) recorded species from Michigan. Behavioral studies by Groskin (1944)
and Kannowski (1957,1958, 1959a, 1959b, 1959c, 1967, 1970; Kannowski and
Kannowski, 1957) were based upon species observed in Michigan.
The list is based upon literature records and 4,692 collections: 2,382 in the
Division of Insects, Museum of Zoology, University of Michigan; 926 in the
Department of Entomology, Michigan State University; 1,244 in the Kan
nowski collection; and 140 in the Wheeler collection. The specimens in the
University of Michigan, Michigan State University, and Kannowski collec
tions were identified by P. B. Kannowski between March 1989 and December
1992; the specimens in the Wheeler collection were checked by Jeanette
Wheeler in 1991. Mary Talbot's collection, which is now in the Department of
Biology at the University of Missouri-St. Louis, was not checked. However,
there is a nearly complete synoptic collection of her records from the E. S.
George Reserve in the University of Michigan Museum of Zoology, which was
checked. Two species (Harpagoxenus canadensis M.R. Smith and Smithis
truma ornata [Mayr]) have been included based upon the citation of Michigan
as a locality by M. R. Smith (1951 for H. canadensis; 1967 for S. ornata). David
Smith (personal communication, 1991) has been unable to locate the counties
or the sources of those records.
Some of the species names used in the literature referenced in this study
are either synonyms or misidentifications. There are also several specimens in
the Michigan State University collection that were collected by R. R. Dreis
bach that appear to be incorrectly labelled. All suspect records have been
omitted in this compilation. However, the specimens on which the studies by
Gaige (1914, 1916) and Wheeler (1909) were based are in the collection at the
University of Michigan Museum of Zoology. These were re-identified and
incorporated into the list.
Michigan has 83 counties, which are shown in Figure 1.

RESULTS
A total of 113 species has been identified from the state. There is at least
one record from each county, with four counties (Antrim, Genesee, Houghton,
and Menominee) having only a single record each (Fig. 2). The most inten
sively collected counties (Livingston and Washtenaw) are located in the south
eastern region of the state. All 88 records for Livingston County are the
species recorded by Talbot (1975), with adjustments for recent taxonomic
changes. Washtenaw County has many species (67) because four myrmecolo
gists (F. M. Gaige, P. B. Kannowski, and G. C. and J. N. Wheeler) collected
there while they were associated with the University of Michigan. Cheboygan
County at the northern end of the Lower Peninsula has the third highest
number of species (57) due to the collections of P. B. Kannowski, M. Talbot,

85

89

93

rtlJ

o NT.
14E

299

THE GREAT LAKES ENTOMOLOGIST

1994

t---\.

ONTARIO

WISCONSIN

MICHIGAN
42
Seole 01 Mrles
Uh4h4Z-1957-WLB

89

87

85

93

Figure 1. Map of Michigan showing the locations of counties.

and G. C. and J. N. Wheeler in the vicinity of the University of Michigan
Biological Station.
Ten species are recorded for the first time from Michigan: Aphaenogaster
manae Forel, Formica argentea Wheeler, F. fossaceps Buren, F. prociliata
Kennedy & Dennis, F. querquetulana Kennedy & Dennis, Harpagoxenus
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Figure 2. The number of species recorded from each county in Michigan.

americanus (Emery), Lasius subumbratus Viereck, Monomorium pharaonis
(Linn.), Myrmica alaskensis Wheeler and Tetramorium caespitum (Linn.).
The most frequently collected species is Tapinoma sessile (Say), which has
been recorded from 65 of the 83 counties. Other species that have been col
lected in a large proportion of the counties include Camponotus noueboracen
sis (Fitch) (62), Lasius alienus (Foerster) (54), Crematogaster cerasi (Fitch) (52),
Camponotus pennsyluanicus (DeGeer) (52), and Formica subsericea Say (51).
There are five patterns for distribution within the state. Thirty nine spe
cies can be found throughout the state. Most of these are forest-dwelling
species that find suitable habitats in all parts of the state. A few, such as
Myrmica americana Weber and Lasius neoniger Emery, commonly occur in
open habitats throughout the state. Five species have distributions limited to
the southernmost counties of the Lower Peninsula. Four of these are forest
species that are near the northern limits of their distribution; the fifth species,
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Figure 3. Lower Peninsula distribution
pattern: records for Myrmica americana
Weber.
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Figure 4. Upper Peninsula distribution
pattern (circles): records for Camponotus
herculean us (Linnaeus). Southern counties
only distribution pattern (triangles):
records for Leptothorax curvispinosus
Mayr.

Pheidole bicarinata Marr. is limited to sand dunes, which have limited occur
rence in southern Michigan. Another 10 occur only in the lower two-thirds to
three-fourths of the Lower Peninsula, while 17 others occur throughout the
Lower Peninsula. Some of these, i. e., Aphaenogaster tennesseensis (Mayr),
Camponotus americanus Mayr, and Formica schaufussi Mayr, are species that
occur primarily in more southern regions and reach their northern limits near
the upper end of the Lower Peninsula. Others may be limited by weak flights
from traversing the Straits of Mackinac. Only two species (Camponotus hercu
leanus (Linn.) and Formica podzolica Francoeur) live primarily in the Upper
Peninsula. These are boreal species that have not extended very far below the
northern tip of the Lower Peninsula, even though suitable habitat is available.
Forty one species have been collected too infrequently to establish their distri
butions. The records of three species that are representative of different distri
butions within the state are shown in Figs. 3 and 4.
According to Smith 1979 (and some more recent authors), the North
American ranges of 73 species of Michigan ants are intraneous. One species
(Monomorium talbotae DuBois) is endemic; one iMonomorium pharaonis) is
introduced. One species is near its southern limit in Michigan, 19 reach their
northern limits, 8 their eastern limits and 5 their western limits. For five
species we have too little information to designate ranges.
Ecologically, Michigan is divided broadly into deciduous forest biome in
the southern portion and ecotone (between deciduous and coniferous forest
biomes) in the northern portion.
The list that follows is organized by subfamilies following the arrange
ment in Creighton (1950). Within each subfamily the genera and species are
listed alphabetically. Localities are listed by counties in alphabetical sequence.
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Information on nests and habitats, unless bracketed by parentheses, is based
upon Michigan collections.

SUBFAMILY PONERINAE
Amblyopone pallipes (Haldeman). In rotting logs in moist woods. Baraga,
Livingston, Midland, St. Joseph, Washtenaw.
PonerB pennsylvBnicB Buckley. In rotting logs in woods. Alcona, Arenac,
Barry, Berrien, Cass, Cheboygan, Clinton, Delta, Emmet, Gladwin, Gratiot,
Huron, Ingham, Iron, Jackson, Kalamazoo, Lake, Lapeer, Livingston, Mack
inac, Manistee, Midland, Montcalm, Muskegon, Newaygo, Oakland, Oscoda,
Presque Isle, Saginaw, St. Joseph, Schoolcraft. Washtenaw, Wayne, Wexford.
ProcerBtium silBceum Roger. In soft rotting logs in woods. Livingston.

SUBFAMILY MYRMICINAE
AphaenogBster fulva Roger. In logs or stumps in woods. Livingston.
AphBenogaster mariae Forel. Oakland.
Aphaenogaster rums (Emery). In logs or stumps in woods. Arenac. Ber
rien, Cass, Charlevoix, Cheboygan, Chippewa, Clinton, Crawford, Emmet,
Grand Traverse, Hillsdale, Huron, Ingham, Ionia, Iosco, Kalamazoo, Leela
nau, Livingston, Marquette, Midland, Ontonagon, Presque Isle, St. Joseph,
Schoolcraft, Washtenaw.
Aphaenogaster tennesseensis (Mayr). In hard wood of logs and stumps in
woods. Allegan, Arenac, Berrien, Cass, Grand Traverse, Huron, Ingham,
Ionia, Jackson, Lake, Leelanau, Livingston, Manistee, Midland, Montcalm,
Montmorency, Muskegon, Newaygo, Oakland, Oscoda, Ottawa, St. Joseph,
Washtenaw.
Aphaenogaster treatae Fore!. In soil in grassy fields. Livingston.
CremBtogaster cerasi (Fitch). In logs and stumps in dense woods. Alcona,
Allegan, Arenac, Baraga, Bay, Berrien, Branch, Cass, Charlevoix. Cheboygan.
Chippewa, Clare. Crawford, Dickinson, Eaton. Emmet, Gladwin, Grand Tra
verse, Gratiot, Hillsdale, Ingham, Ionia, Iosco, Iron, Isabella, Jackson,
Kalamazoo, Kalkaska, Lake, Lapeer, Livingston, Mackinac, Manistee, Mar
quette, Midland, Montcalm, Muskegon, Newaygo, Oakland, Ogemaw,
Osceola, Oscoda, Presque Isle, Roscommon, Saginaw, St. Clair, St. Joseph,
Schoolcraft, Shiawassee, Van Buren, Washtenaw, Wayne.
Crematogaster lineolatB (Say). In logs and stumps in open woods. Bay,
Berrien, Grand Traverse. Ingham, Iosco, Isabella, Kalamazoo. Livingston.
Manistee, Midland, Montmorency, Saginaw, St. Joseph, Van Buren, Wash
tenaw, Wayne, Wexford.
Formicoxenus hirticornis (Emery). (Previously recorded as Leptothorax
hirticornis.) Xenobiotic in nests of Formica obscuripes. Livingston.
Formicoxenus provancheri (Emery). (Previously recorded as Leptothorax
provancheri.) Xenobiotic in nests of Mr.rmica lobifrons. Cheboygan.
Harpagoxenus Bmericanus (Emery. St. Joseph.
Harpagoxenus canadensis M.R. Smith. (Dulotic on Leptothorax mus
corum.) "Michigan."
Leptothorax ambiguus Emery. In acorns and other plant cavities in open
woods and woods edges. Allegan, Alpena, Arenac, Bay, Cheboygan, Clinton,
Crawford, Grand Traverse, Ingham, Ionia, Isabella, Lenawee, Livingston,
Mackinac, Midland, Montcalm, Newaygo, Oakland, Saginaw, St. Joseph,
Washtenaw.
Leptothorax. curvispinosus Mayr. In acorns and twigs in open woods.
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Berrien, Hillsdale, Ingham, Kalamazoo, Livingston, St, Joseph, Van Buren,
Washtenaw.
Leptothorax duloticus Wesson. Dulotic on Leptothorax ambiguus, L. cur
vispinosus and L. longispinosus. Livingston, Washtenaw.
Leptothorax longispinosus Roger. In logs or stumps in moist woods. Ber
rien, Cheboygan, Ingham, Lapeer, Livingston, Midland, Newaygo, Wash·
tenaw.
Leptothorax muscorum (Nylander). Under bark and in twigs in swamps
and bogs. Charlevoix, Cheboygan, Delta, Emmet, Gladwin, Gogebic,
Keweenaw, Livingston, Mackinac, Marquette, Mecosta, Montcalm, Osceola,
Oscoda, Roscommon, SalPnaw, Schoolcraft, Washtenaw.
Leptothorax schaunu Roger. Under bark in woods. Livingston.
Leptothorax texan us Wheeler. In soil in sandy areas. Cheboygan, Grand
Traverse, Livingston, Oscoda, Roscommon, Wayne.
Monomorium minimum (Buckley). In soil in dry grassy areas. Alcona,
Allegan, Berrien, Crawford, Lenawee, Livingston, Midland, Newaygo, Oak
land, St. Joseph, Washtenaw, Wexford.
Monomorlum pharaonis (Linnaeus). Introduced; from buildings in:
Ingham, St. Joseph, Washtenaw, Wayne.
MOlJomorium talbotae DuBois. Inquiline in nests of Monomorium mini
mum. Livingston.
Myrmecina americana Emery. In logs and stumps in moist woods. Ber
rien, Ingham, Jackson, Kalamazoo, Livingston, Marquette, St. Joseph, Wash
tenaw.
Myrmica alaskensis Wheeler. In soil in moist woods. Keweenaw.
Myrmica americana Weber. In soil in grasslands. Alcona, Allegan,
Arenac, Bay, Charlevoix, Cheboygan, Clinton, Emmet, Huron, Ingham, losco,
Isabella, Jackson, Kalamazoo, Livingston, Oakland, Osceola, Oscoda, Presque
Isle, Thscola, Van Buren, Washtenaw, Wayne, Wexford.
Myrmica brevispinosa Wheeler. In soil in sand dunes and ridges. Charle
voix, Cheboygan, Chippewa, Emmet, Grand Traverse, Iron, Keweenaw, Mack
inac, Presque Isle, Schoolcraft.
Myrmica detritinodis Emery. (Previously recorded as M. emeryana Forel,
in part.) In logs and stumps in moist woods. Alcona, Alger, Arenac, Bay,
Berrien, Charlevoix, Cheboygan, Chippewa, Clinton, Emmet, Gogebic, Grand
Traverse, Gratiot, Hillsdale, Huron, Ingham, losco, Kalamazoo, Keweenaw,
Lake, Livingston, Mackinac, Manistee, Marquette, Mason, Midland, Mont
morency, Oakland, Oscoda, Presque Isle, Roscommon, St. Joseph, School
craft, Washtenaw, Wayne, Wexford.
Myrmica fracticornis Emery. In soil hummocks in edges of marshes and in
sedge hummocks in marshes. Alcona, Bay, Berrien, Cass, Charlevoix, Cheboy
gan, Crawford, Emmet, Gratiot, Hillsdale, Lapeer, Livingston, Mackinac,
Midland, Montmorency, Ontonagon, Osceola, Presque Isle, Saginaw, St.
Joseph, Schoolcraft, Washtenaw.
Myrmica incompleta Provancher. In soil and moss hummocks in bogs and
swamps. Alcona, Alger, Arenac, Benzie, Berrien, Charlevoix, Cheboygan,
Chippewa, Emmet, Gogebic, losco, Keweenaw, Livingston, Mackinac, Mar
quette, Oakland, Presque Isle, Schoolcraft, Washtenaw.
Myrmica lobifrons Pergande. (Previously recorded as M. fracticornis, in
part. Recorded as "M. species A" in Kannowski, 1959a.) In moss hummocks in
bogs and swamps. Cheboygan, Livingston, St. Joseph, Schoolcraft, Wash
tenaw.
Myrmica nearctica Weber. (Previously recorded as M. monticola Wheeler.)
Under bark of logs and stumps in woods. Cheboygan, Emmet, Livingston,
Marquette, St. Joseph, Schoolcraft.
Myrmica pinetorum Wheeler. In soil in mesic woods. Livingston.
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Myrmica punctiventris Roger. In soil in mesic woods. Allegan, Arenac,
Berrien, Cheboygan, Clinton, Huron, Ingham, Livingston, Oakland, St.
Joseph, Washtenaw.
Myrmica species 1. (Previously recorded as M. emeryana, in part.) In soil
in low fields and mesic woods. Cheboygan, Crawford, Emmet, Grand Tra
verse, Livingston, Presque Isle, St. Joseph, Washtenaw.
Myrmica species 2. (Recorded by Talbot 1975b as M. spatulata M.R.
Smith.) In soil in dry woods. Cheboygan, Grand Traverse, Livingston, Wash
tenaw.
Pheidole hicarinata Mayr. In soil in sand dunes and ridges. Arenac, Ber
rien, St. Joseph.
Smithistruma ornata (Mayr). "Michigan."
Smithistruma pergandei (Emery). In logs or soil in woods. Livingston.
Smithistruma pulchella (Emery). In woods. Livingston.
Solenopsis molests (Say). In soil in grasslands. Alcona, Arenac. Berrien,
Cheboygan, Chippewa, Emmet, Hillsdale, Lenawee, Livingston, Midland,
Monroe, Oakland, Presque Isle, St. Joseph, Washtenaw, Wexford.
Stenamms brevicorne (Mayr). In soil in open woods. Arenac, Berrien,
Eaton, Ingham, Livingston, Osceola, Saginaw, St. Joseph, Sanilac, Shiawas
see, Washtenaw, Wayne.
Stenamma diecki Emery. In soil in moist woods. Alger, Cheboygan, Chip
pewa, Grand Traverse, Livingston, Marquette, Montmorency, Presque Isle.
St. Joseph, Schoolcraft. Washtenaw.
Stenamma impar Forel. In soil in moist woods. Cheboygan, Livingston,
St. Joseph, Washtenaw.
Stenamma schmitti Wheeler. In soil in moist woods. Livingston, Oakland,
St. Joseph, Washtenaw.
Tetramorium caespitum (Linnaeus). Introduced; in soil in urban areas.
Ingham, St. Joseph, Washtenaw, Wayne.

SUBFAMILY DOLICHODERINAE
Conomyrma grandula (Forel). (Recorded as Dorymyrmex pyramicus
(Roger) by Talbot, 1975b.) In soil in sandy ridges. Livingston.
Dolichoderus mariae Forel. In domes of plant fragments and soil in
marshes and swamps. Berrien, Cheboygan, Ingham, Livingston, Manistee, St.
Joseph, Washtenaw.
Dolichoderus plagiatus (Mayr). In hollow twigs and curled leaves in woods
and woods edges. Bay, Cheboygan, Dickinson, Grand Traverse, Gratiot,
Huron, Iosco, Lake, Livingston, Midland, St. Joseph, Washtenaw, Wexford.
Dolichoderus pustulatus Mayr. In hollow stems and curled leaves in bogs
and swamps. Alcona, Cass, Cheboygan, Chippewa, Crawford, Emmet, Grand
Traverse, Ingham, Livingston, Montcalm, Oscoda, Roscommon, St. Joseph,
Washtenaw, Wexford.
Dolichoderus taschenbergi (Mayr). In domes of plant fragments and soil in
woods edges. Cheboygan, Crawford, Delta, Gogebic, Gladwin, Grand Tra
verse, losco, Kalkaska, Livingston, Mackinac, Marquette, Mecosta, Mont·
calm, Ontonagon, Oscoda, Otsego, Presque Isle, Roscommon, Schoolcraft,
Van Buren, Wexford.
Tapinoma sessile (Say). In soil, under bark and in dead plant cavities in
diverse habitats. A1cona, Alger, Allegan, Alpena, Antrim, Arenac, Baraga,
Barry, Bay, Benzie, Berrien, Cass, Charlevoix, Cheboygan, Chippewa, Clare,
Clinton, Crawford. Delta, Eaton, Emmet, Gladwin, Gogebic, Grand Traverse,
Gratiot, Ingham, losco, Isabella, Kalamazoo, Kalkaska, Keweenaw, Lake,
Lapeer, Leelanau, Livingston, Luce, Mackinac, Manistee. Marquette.

1994

THE GREAT LAKES ENTOMOLOGIST

305

Mecosta, Midland, Missaukee, Monroe, Montcalm, Montmorency, Muskegon,
Newaygo, Oakland, Oceana, Ontonagon, Osceola, Oscoda, Otsego, Presque
Isle, Roscommon, Saginaw, St. Clair. St. Joseph. Schoolcraft, Shiawassee.
Thscola. Van Buren, Washtenaw, Wayne, Wexford.

SUBFAMILY FORMICINAE
Acanthomyops claviqer (Roger). In and/or under stumJ>s and logs or under
rocks in woods or the edges of fields. Arenac. Berrien. Cheboygan, Clinton,
Crawford, Hillsdale, Ingham, losco, Kalamazoo, Livingston, Monroe, Muske
gon, Oakland, Ogemaw, St. Joseph, Washtenaw, Wayne.
Acanthomyops interjectus (Mayr). In stumps, logs and soil in woods.
Iosco, Kalamazoo, Livingston, Monroe, Oakland, Oscoda, Washtenaw, Wex
ford.
Acanthomyops latipes (Walsh). Temporary social parasite on Lasius
neoniger. In soil of grassy habitats. Alcona, Barry, Berrien, Cheboygan, Chip
pewa, Delta, Huron, Iosco, Kalamazoo, Livingston, Marquette, Ogemaw,
Oscoda, St. Joseph, Washtenaw.
Acanthomyops murphyi (Fore!). Temporary social parasite on Lasius
neoniger. Under rocks and in soil of grassy habitats. Barry, Kalamazoo,
Livingston.
Acanthomyops plumopilosus (Buren). Washtenaw.
Acanthomyops subglaber (Emery). Under rocks in woods. Arenac, Charle
voix, Chippewa, Emmet, Grand Traverse, losco, Livingston.
Brachymyrmex depilis Emery. In soil in grasslands and woods. Alger,
Cheboygan, Grand Traverse, losco, Livingston, Montmorency, Ontonagon,
Oscoda, Schoolcraft, Washtenaw.
Camponotus american us Mayr. In soil in grasslands and woods. Allegan,
Charlevoix, losco, Livingston, Midland, Washtenaw.
Camponotus caryae (Fitch). In twigs and branches in woods. Livingston.
Camponotus ferrugineus (Fabricius). In logs and stumps in woods. Ber
rien, Hillsdale, St. Joseph, Washtenaw.
Camponotus herculeanus (Linnaeus). In logs and stumps in woods. Alger,
Baraga, Charlevoix, Cheboygan, Chippewa, Dickinson. Emmet. Gogebic,
Houghton, Iron. Keweenaw, Mackinac, Marquette. Ontonagon, Schoolcraft.
Camponotus nearcticus Emery. In twigs and branches and under bark in
woods. Alger, Allegan, Baraga, Bay, Berrien, Chippewa, Clinton, Hillsdale,
Ingham, Kalkaska, Keweenaw, Livingston, Marquette, Midland, Monroe,
Montcalm, Newaygo, Oakland, Oceana, Ottawa, Roscommon, Saginaw, St.
Clair, St. Joseph, Schoolcraft, Washtenaw.
Camponotus novaeboracensis (Fitch). In logs and stumps in moist woods.
Alcona, Alger, Allegan, Alpena, Arenac, Baraga, Barry, Bay, Berrien.
Calhoun, Charlevoix, Cheboygan, Chippewa, Clare, Clinton, Crawford, Delta,
Dickinson, Eaton, Emmet, Gladwin, Gogebic, Grand Traverse, Gratiot. Hills
dale, Huron, Ingham, losco, Jackson, Kalamazoo, Kalkaska, Kent. Lake,
Lapeer. Leelanau, Livingston, Mackinac, Macomb, Manistee. Marquette,
Mason, Midland, Missaukee, Monroe, Montcalm. Montmorency. Oakland.
Oceana, Osceola, Oscoda, Otsego, Presque Isle, Roscommon, Saginaw, St.
Joseph, Sanilac, Schoolcraft, Thscola, Van Buren, Washtenaw, Wayne, Wex
ford.
Camponotus pennsylvanicus (DeGeer). In logs and stumps and in dead
wood in living trees in dry woods. Alger, Allegan, Arenac, Baraga, Barry, Bay,
Berrien, Calhoun, Charlevoix, Cheboygan, Chippewa, Clinton, Eaton, Gene
see, Gladwin, Gogebic, Grand Traverse, Hillsdale, Huron. Ingham, Ionia,
Iosco, Iron, Isabella, Jackson, Kalamazoo, Kent, Lake, Lenawee, Livingston,
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Mackinac, Manistee, Marquette, Mason, Mecosta, Midland, Missaukee, Mon
roe, Montmorency, Muskegon, Newaygo, Oakland, Oscoda, Presque Isle,
Saginaw, St. Clair, St. Joseph, Schoolcraft, Shiawassee, Van Buren, Wash
tenaw, Wayne.
Camponotus subbarbatus Emery. In dead twigs and branches in woods.
St. Joseph.
Formica argentea Wheeler. In soil of field-woods edges. Alcona, Benzie,
Berrien, Charlevoix, Cheboygan, Chippewa, Emmet, Iron, Keweenaw, Mack
inac, Manistee, Marquette, Montcalm, Ontonagon, Presque Isle, Washtenaw,
Wexford.
Formica creightoni Buren. In logs and soil in woods. Livingston.
Formica dakotensis Emery. Temporary social parasite on Formica fusca
group species. In soil mounds in grasslands. Cheboygan, Chippewa,
Keweenaw, Livingston, Mackinac.
Formica exsectoides Forel. In large mounds of soil in dry fields near
woods. Alcona, Barry, Berrien, Chippewa, Iosco, Livingston, Mecosta, Mont
calm, Oscoda, Washtenaw.
Formica fossaceps Buren. In soil in open woods. Keweenaw, Oscoda.
Formica fusca Linnaeus. In logs, stumps and soil in mesic woods. AI~er,
Allegan, Arenac, Berrien, Charlevoix, Cheboygan, Chippewa, Crawford, DIck
inson, Grand Traverse, Huron, Ingham, Iosco, Keweenaw, Livingston, Mack
inac, Manistee, Marquette, Mecosta, Newaygo, Oakland, Presque Isle, Ros
common, Schoolcraft, Washtenaw, Wayne, Wexford.
Formica glacialis Wheeler. In soil mounds in low, moist sites. Alpena,
Arenac, Bay, Calhoun, Charlevoix, Cheboygan, Chippewa, Clinton, Dickinson,
Emmet, Gogebic, Gratiot, Huron, Ingham, Iosco, Keweenaw, Lapeer, Leela
nau, Livingston, Mackinac, Marquette, Mecosta, Missaukee, Montcalm,
Muskegon, Oakland, Ogemaw, Ontonagon, Roscommon, St. Joseph, School
craft, Van Buren, Washtenaw, Wayne.
Formica gynocrates Snelling and Buren. Dulotic on F. uinculans. In soil in
dry, sparsely vegetated fields. Livingston.
Formica hewitti Wheeler. Keweenaw.
Formica impexa Wheeler. Dickinson, Marquette, Ontonagon.
Formica integra Nylander. Chippewa, Iosco, Keweenaw, Mackinac,
Manistee, Marquette, Montcalm, Muskegon, Osceola.
Formica lasioides Emery. In soil in fields and woods edges. Alger, Alpena,
Bay, Benzie, Branch, Charlevoix, Cheboygan, Chippewa, Dickinson, Emmet,
Gogebic, Kalkaska, Livingston, Mackinac, Marquette, Mecosta, Oakland,
Ontonagon, Oscoda, Presque Isle, Tuscola, Washtenaw, Wexford.
Formica neogagates Emery. In soil in mesic woods. Charlevoix, Cheboy
gan, Chippewa, Grand Traverse, Iosco, Isabella, Jackson, Kalamazoo,
Keweenaw, Lake, Livingston, Marquette, Mason, Mecosta, Montcalm, Mont
morency, Newaygo, Oakland, Oscoda, Otsego, Roscommon, St. Joseph, Wash
tenaw, Wexford.
Formica neorufibarbis Emery. In hummocks of moss in bogs. Baraga,
Cass, Charlevoix, Cheboygan, Chippewa, Gogebic, Ingham, Keweenaw,
Livingston, Mackinac, Marquette, Ontonagon, Schoolcraft, Washtenaw.
Formica nepticula Wheeler. Temporary social parasite on Formica fusca
group species. In soil in dry woods. Livingston.
Formica obscuripes Forel. In mounds of soil and thatch in dry grasslands.
Cheboygan, Kalkaska, Livingston, Mason, Newaygo, Osceola, Washtenaw,
Wexford.
Formica obscuriventris Mayr. In logs, stumps and soil in woods edge and
open woods. Cheboygan, Dickinson, Keweenaw, Livingston, Oakland, Oscoda,
Washtenaw.
Formica pallidefulva nitidiventris Emery. In soil, often under objects, in
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woods and woods edges. Allegan, Arenac, Baraga, Benzie, Berrien. Branch,
Calhoun, Cheboygan, Grand Traverse. Huron, Ingham, Iosco, Jackson,
Kalamazoo, Lenawee, Livingston. Marquette, Midland, Monroe, Oakland,
Osceola, Oscoda, Ottawa. St. Joseph. Tuscola, Washtenaw, Wayne, Wexford.
Formica pergandei Emery. Dulotic on Formica pallidefulva nitidiventris
and F. subsericea. In soil in woods edges and field edges. Alpena, Benzie,
Cheboygan, Chippewa, Delta, Grand Traverse. Ingham, Iosco, Livingston,
Mackinac, Marquette, Mason, Oscoda, Presque Isle, Washtenaw.
Formica podzolica Francoeur. In soil in deep woods and swamps. Alger,
Alpena, Charlevoix, Chippewa, Delta, Emmet, Gogebic, Keweenaw, Luce,
Mackinac, Marquette. Ontonagon, Oscoda, Schoolcraft.
Formica prociliata Kennedy and Dennis. Grand Traverse. losco, Oscoda.
Roscommon, Wexford.
Formica querquetulana Kennedy and Dennis. Grand Traverse.
Formica rubicunda Emery. Dulotic on Formica subsericea. In soil in
woods edges and field edges. Cheboygan, Keweenaw, Livingston, Marquette.
Washtenaw, Wexford.
Formica schaufussi Mayr. In soil in grasslands and field edges. Berrien,
Iosco, Kalamazoo, Livingston, Oscoda.
Formica subintegra Emery. Dulotic on Formica subsericea. In soil in
woods edge and field borders. Baraga, Calhoun, Cheboygan, Emmet, Living
ston, Washtenaw.
Formica subnuda Emery. Dulotic on Formica subsericea. In and under
logs in mesic woods. Alger, Baraga, Benzie, Charlevoix, Cheboygan, Chip
pewa. Delta, Dickinson, Emmet, Gogebic. Grand Traverse, Iosco, Kalkaska,
Keweenaw, Leelanau, Livingston, Mackinac, Marquette, Mason, St. Joseph,
Schoolcraft, Washtenaw.
Formica subsericea Say. In soil in grasslands, woods edge and open
woods. Alcona, Alger, Allegan, Arenac, Baraga, Barry, Benzie, Berrien,
Branch, Calhoun, Cass. Charlevoix. Cheboygan, Chippewa, Crawford, Dickin
son, Eaton, Emmet. Gladwin, Gogebic, Grand Traverse. Hillsdale. Huron,
Ingham, Iosco, Iron, Jackson, Kalamazoo, Keweenaw, Lapeer. Lenawee.
Livingston, Mackinac. Manistee, Marquette, Mecosta, Menominee. Midland,
Monroe, Montcalm, Montmorency, Oakland. Ontonagon, Osceola, Oscoda, St.
Joseph, Schoolcraft, Van Buren. Washtenaw. Wayne, Wexford.
Formica talbotae Wilson. Workerless inquiline in mounds of Formica obs
curipes. Livingston.
Formica ulkei Emery. Temporary social pareasite on Formica glacialis. In
large mounds of soil in fields near water. Arenac, Berrien, Calhoun, Cass.
Hillsdale, Ingham, Jackson, Kent, Livingston, Midland, Oakland, Roscom
mon, St. Joseph, Shiawassee, Washtenaw.
Formica vinculans Wheeler. (Previously recorded as F. neogagates. in
part.) In soil in dry grasslands. Berrien. Calhoun, Cheboygan. Crawford.
Emmet, Ingham, Kalkaska. Lenawee, Livingston. Mason, Montmorency.
Newaygo, Oscoda, Presque Isle. St. Joseph, Tuscola.
Formica whymperi adamsi Wheeler. Keweenaw, Schoolcraft.
Formica sp. (microgyna group). Temporary social parasite on Formica
fusca group species. In soil in woods edge. Livmgston.
Lasius alienus (Foerster). In logs and stumps and in soil in woods. Alcona,
Allegan, Arenac, Barry, Bay, Berrien, Calhoun, Cass, Charlevoix, Cheboygan.
Chippewa, Clinton, Crawford, Delta, Dickinson, Eaton, Emmet, Gladwin, Gra
tiot, Hillsdale, Huron. Ingham, losco. Isabella. Jackson. Kalamazoo.
Kalkaska. Keweenaw, Lake, Lapeer, Livingston, Mackinac. Manistee, Mar
quette, Mason, Mecosta, Midland, Missaukee, Monroe, Montcalm. Mont
morency, Newaygo, Ogemaw, Osceola, Oscoda. Ottawa, Presque Isle, Ros
common, Saginaw, St. Joseph, Schoolcraft, Tuscola, Van Buren, Washtenaw.
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Lasius flavus (Fabricius). In soil or under rocks in grasslands and open
woods. Cheboygan, Crawford, Grand Traverse, Iosco, Ingham. Jackson,
Livingston, Ontonagon, St. Joseph, Schoolcraft. Washtenaw.
Lasius minutus Emery. Temporary social parasite of Lasius alienus and L.
pallitarsis. In soil mounds in swamps and marshes. Arenac, Livingston, Oak·
land, St. Joseph, Washtenaw.
Lasius nearcticus Wheeler. In soil under rocks and logs in mesic woods.
Allegan, Arenac, Berrien, Chippewa, Clinton, Emmet, Ingham, Ionia, Living·
ston, Marquette, Ottawa, Washtenaw.
Lasius neoniger Emery. In soil with nest entrances surrounded by craters
of soil particles; in grasslands and open woods. Alcona, Alger, Allegan,
Al,Pena, Arenac, Bay, Berrien, Calhoun, Charlevoix, Cheboygan, Chippewa,
Clinton, Dickinson, Emmet, Gladwin, Grand Traverse, Gratiot. Huron,
Ingham, losco, Jackson, Kalkaska, Kent. Keweenaw, Leelanau. Livingston,
Mackinac, Macomb, Manistee. Marquette. Midland, Missaukee. Mont·
morency. Muskegon, Oakland, Osceola. Oscoda, Ottawa, Presque Isle. St.
Joseph, Schoolcraft, Tuscola, Van Buren, Washtenaw, Wayne, Wexford.
Lasius pallitarsis (Provancher). In mounds of soil in low fields, bogs,
swamps and marshes. Alger, Charlevoix, Chippewa, Livingston, Mackinac,
Marquette, Schoolcraft.
Lasius speculiventris Emery. Temporary social parasite of Lasius minu
tus. In mounds of soil in moist woods and swamps. Hillsdale, Ingham, Living·
ston, Oakland, Washtenaw.
Lasius subumbratus Viereck. In soil under logs in open woods. Mar
quette, Schoolcraft.
Lasius umbratus (N~lander). Temporary social parasite of Lasius alienus
and L. pallitarsis. In sod mounds and under stumps and logs in woods and
swamps. Allegan, Alpena, Arenac, Berrien. Calhoun, Cass, Charlevoix, Che·
boygan. Clinton, Eaton, Gladwin, Gratiot, Hillsdale, Ingham, Isabella,
Lapeer, Livingston. Midland, Monroe, Montcalm, Newaygo, Oakland,
Osceola, Presque Isle, Roscommon, Saginaw, St. Clair, St. Joseph, Shiawas
see, Tuscola, Washtenaw, Wayne. Wexford.
Paratrechina parvula (Mayr). In soil in woods-field edges and open woods.
Allegan, Iosco, Livingston, Manistee. Oscoda, St. Joseph, Washtenaw.
Polyergus breviceps Emery. Dulotic on Formica subsericea. In soil
mounds in grasslands. Cheboygan. Iron.
Polyergus lucidus Mayr. Dulotic on Formica pallidefulva and F.
schaufussi. In soil mounds in grasslands and woods edges. Cheboygan,
Livingston, Roscommon.
Prenolepis imparis (Say). In soil in a wide variety of habitats from grass
lands to dee~ woods. Allegan, Barry, Clinton, Crawford, Grand Traverse,
Ingham, lorna, losco. Jackson, Kalamazoo, Kent. Livingston, Mackinac.
Newaygo, Oakland, Oscoda. St. Joseph. Washtenaw.
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THE DEVELOPMENT OF A SEX PHEROMONE LURE FOR THE AMERICAN
PLUM BORER, EUZOPHERA 5EMIFUNERALl5 (LEPIDOPTERA: PYRALlDAE),
A MAJOR PEST OF CHERRY IN MICHIGAN.
D.J. Biddinger,I,2 W. Roelofs 3 and A.J, Howitt!

ABSTRACT
Pheromone components of the American plum borer, Euzophera semi
funeralis, were defined by use of the electroantennogram screening technique
and capillary gas chromatographic retention times of sex pheromone gland
constituents. Field studies showed that greatest attraction was achieved with
a 1 mg load rate of a 4-component blend in a rubber septum. This blend
consisted of a 2:1 ratio of Z,E-9,12-14:ALD and Z9-14:ALD and an equal
amount of the corresponding alcohols in a 2:1 ratio, respectively. Commercial
lures were used to compare the flight patterns of the American plum borer,
peachtree borer (Synanthedon exitiosa), and lesser peachtree borer (Synanthe
don pictipes) adults in Michigan in 1988.

The cambium feeding lepidopteran pest complex in Michigan cherry
orchards currently consists of the lesser peachtree borer, Synanthedon pic
tipes (Grote & Robinson); the peachtree borer, Synanthedon exitiosa (Say);
and the American plum borer, Euzophera semifuneralis (Walker) (Brunner &
Howitt 1981, Biddinger 1989, Jones et al. 1989). The first two pests are
Sesiidae whose biologies are well known because of their long-standing status
as major pests of peaches and apricots in the U.S. and for which specific or
general pheromones have been available for monitoring purposes for many
years (Brunner & Howitt 1981). The American plum borer has only been
considered a significant pest of tart and sweet cherries in Michigan since the
early 1970's (Brunner and Howitt 1981). At that time, cherry harvesting
shifted from manual picking to the use of mechanical harvesters with hydrau
lic clamps that physically shake a limb or the entire tree causin~ the cherries
to fall onto a collecting canvas below. Pressures of over 70 kg/cm (1,000 p.s.i.)
from the clamps frequently cause cracking of the bark and extensive bruising
and crushing of the underlying cambium. These cracks in the bark are ideal
avenues of entry for the cambium feeding larvae of both American plum borer
and lesser peachtree borer. Synanthedon pictipes was a common but relatively
minor pest of cherry orchards in the state before mechanical harvesting was
introduced (King 1917, Weiner and Norris 1982), but E. semifuneralis was
previously unknown as a pest of cherries. Tree and limb mortality quickly
increased due to cambium girdling by the larvae of these two pests in many

IDept. of Entomology, Michigan State University, East Lansing, MI 48824.
2Current Address: Dept. of Entomology, Penn State University, College Park, PA
1680~.

Dept. of Entomology, Cornell University, Geneva, NY 14456.

312

THE GREAT LAKES ENTOMOLOGIST

Vol. 26, No.4

commercial cherry orchards with S. pictipes generally causing only scaffold
limbs mortality.
The American plum borer was found commonly to cause a much more
serious girdling injury of the entire trunk below the scaffolds which resulted
in the death of mature trees in 5-10 years. Girdling of large scaffold limbs was
also observed in as little as 2-3 years, especially where limb shakers were used
(Biddinger 1989, Weiner and Norris 1983). From 1985 to 1987, many commer
cial orchards in Leelenau county were found to average 8-12 E. semifuneralis
larvae per tree and those in Oceana County averaged 3-5 larvae per tree
(Biddinger 1989). Weiner and Norris (1983) also found high numbers of both
American plum borer and lesser peachtree borer larvae in tart cherry orchards
in Door County, Wisconsin.
As mechanical harvesting became more widespread throughout Michigan
damage from E. semifuneralis and S. pictipes became much more abundant
and it was soon necessary to initiate chenucal control measures for both spe
cies. In some areas of the state the commercial life of the orchard was consid
ered to be shortened by 20 to 30% by the combination of shaker and borer
damage (Biddinger 1989). The lesser peachtree borer was found to be ade
quately controlled using dilute handgun applications of long residual insecti
cides to the trunk and scaffold limbs of cherries in early to mid June (Jones et
al. 1989). The American plum borer, however, had previously been a minor
pest on a wide range of fruit and nut crops throughout most of the U.S.
(Biddinger and Howitt 1992), and little was known of its life cycle. Previous
work on this insect indicated that it has a single brood in the eastern U.S.
(Forbes 1891, Hulst 1890, Johnson and Lyon 1988), but Blackslee (1915) in
Virginia, Sanderson (1901) in Delaware, and previous work in Michigan
(Howitt, unpublished data) indicated that it was double brooded. Slingerland
& Crosby (1914), however, thought there were three broods in Delaware and
Van Steenwyk (pers. comm.) believed there to be at least a partial third gener
ation in California. Pierce and Nichols (1941) indicated up to five generations
in Texas. The purpose of this study was to develop an attractant trap for E.
semifuneralis as a monitoring tool for commercial cherry growers in Michigan
to assess popUlations in the orchard and to help time control measures in
conjunction with control programs for S. pictipes.

METHODS AND MATERIALS
During the spring of 1985, over 400 live pupae were collected from a
commercial orchard of 28 year old 'Montmorency' tart cherry trees in Oceana
County (near Mears), Michigan. The pupae were removed from their silken
hibernacula, separated by sex and kept refrigerated at 5 °C in closed contain
ers with moist towels to prevent dessication before shipment. The pupae were
sent to Geneva, New York for the characterization of the sex pheromone
components.
Electroantennograms were recorded from male moths to generate activity
profiles from 12-, 14- and 16-carbon mono- and di-unsaturated acetates, alco
hols, and aldehydes (Roelofs 1984). The library of standards (10 Itl chemical on
filter paper/cartridge) contained almost every Z- and E-monounsaturated iso
mer from position 2 to the terminus. Sex pheromone extract was obtained by
excising the female pheromone gland from the moth abdominal tip and plac
ing it in 50 Jti of hexane. The glands were removed from the solvent after
soaking for 1 h and aliquots were then injected (splitless injector) on a polar
(25 m Carbowax 20M) capillary GLC column for comparison of retention times
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to those of standard chemicals. After holding for 2 min. at 60 a C, the tempera
ture was raised at 5°C/min. to 200°C.
Treatments consisting of three blends of potential pheromone compo
nents suggested by the above analysis were loaded onto rubber septa and
shipped to Michigan for field trials in commercial tart cherry orchards. Treat
ments were arranged in a randomized complete block design using Pherocon@
II traps (Trece Incorporated, Salinas, CAl in two different B-ha commercial
cherry blocks in the county. Each of the 4 treatments and two control traps (1
with unloaded septum and 1 blank) were replicated in three 14-tree blocks at
each location in the center of each orchard for a total of 6 replicates. Treat
ments within a block were placed in a single row of trees with at least 15 m
between traps, and each block was separated by at least 90 m from an adja
cent block. The blocks were staggered along the length of the orchard to
minimize overlap of pheromone plumes within each block and from other
blocks.
Care was taken to avoid cross-contamination of the treatments during
initial placement of the caps in the traps by dipping the forceps used for the
placement of the caps in the traps in acetone between treatments and by using
disposable rubber gloves during handling in the field. All traps were placed in
the orchard on 22 May and trap catches were recorded every other day until
the end of the flight period in late June. At each observation, the traps were
rerandomized on the trees within each block, and the moths trapped in the
tanglefoot were scraped out or a new trap used.
The second set of treatments consisted of a blank and 5 concentrations of
the active blend of 4 components from the first field test. The traps were again
deployed in a randomized complete block design in the orchard in the same
manner as used for the spring field test. In order to evaluate response by
American plum borer populations in different geographic locations, three 20+
year old tart cherry blocks in Oceana County and a 25-year-old block in the
more northern Leelenau County were used. The methods used for the place
ment of traps, rerandomization, and avoidance of cross-contamination were as
described above. Both of the orchards at Mears were again used, one with two
replicates, one with 1 replicate, and a new third block approximately 16 km
removed near Shelby with 1 replicate. Another 4 replicates were placed in the
Leelenau County tart cherry orchard. The traps were placed on 6 July and
monitored twice weekly until the end of adult emergence on 10 September.
The rubber septa were not replaced during this period. The total number of
moths caught per block at the Oceana and Leelenau County orchards were
pooled and the means separated by Duncan's Multiple Range Test (P= .05).
Commercial lures (Trece Incorportated, Salinas, Ca.) were used to compare
the flight patterns of E. semifuneralis, S. exitiosa, and S. pictipes adults
throughout the year in Michigan in 1988. Weekly observations were made and
the male catches in 3 trapsllocation were average for each species.

RESULTS
Only a small number of adults were available just prior to the first adult
flight in the field, and so only a 2-day evaluation was conducted to define
possible pheromone components. The electroantennogram screening assay of
all monounsaturated standards in the library showed that the highest male
moth antennal responses were elicited by (Z)-9-tetradecenal (Z9-14:ALD), (Z)
9-tetradecenol (Z9-14:0H), (E)-12-tetradecenal, and (E)-12-tetradecenol. Fur
ther testing of the 4 possible geometric isomers each of 9,~2-tetradecadienal
and 9,12-tetradecadienol showed that the greatest responses were elicited by
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Table 1. Field attractancy test with first generation American plum borer moths in Oceana
County (May 22·June 28, 1985).
Mean II
Males/traps'"

Treatments (rubber septa)

+

(Ol'g)
500 I'g Z,E-9,12-14:ALD+250 I'g Z9-14:ALD
500 I'g Z,E-9,12-14:0H+250 I'g Z9-14:0H
500 I'g Z,E-9,12-14:ALD+250 I'g Z9-14:ALD
+Z,E-9,12-14:0H+250 I'g ZO-14:0H

Oa
Oa
Oa
7.3b

"'Total of 6 traps rerandomized 8 times. Means followed by the same letter are not statistically
different (P=0.05; DMRT).

(Z,E)-9,12-tetradecadienal (Z,E-9,12-14:ALD) and (Z,E)-9,12-tetradecadienol
(Z,E-9,I2-I4:0H). CapiIlary GLC analysis confirmed that there were compo
nents in the pheromone gland extracts with retention times identical to those
of Z9-I4:ALD; Z9-I4:0H; Z,E-9,12-14:ALD; and Z,E-9,12-14:0H, and that
the these were present in a ratio of ca. 1:1:2:2, respectively.
A field test was conducted utilizing combinations of the 4 compounds
defined in the labora
y (Table 1). Field observations of pupae indi
cated that the peak fligJ
was over by the time the test was initiated in
the first week of June, but trap catches accumulated before the end of the first
generation adult flight period were considered to be sufficient for evaluation.
Only the treatment containing both the alcohols and aldehydes caught any
moths during the 2-week testing period, with a total of 44 moths caught in 6
traps.
A second test conducted during the summer flight with various concen
trations of the 4-component mixture showed that traps baited with the high
est dosage was the most attractive (Fig. 1). This rate (1 mg/Lure) was stand
ardized in 1986 by Zoecon Corporation (Paolo Alto, Ca.) as a commercially
available American plum borer lure. Commercial lures were used in 1988 to
define the flight pattern of American plum borer moths in Michigan (Fig. 2),
and to compare it to the flight patterns for lesser peachtree borer and peach
tree borer adults in cherry orchards.
DISCUSSION
In Michigan, this pheromone blend has been very specific toward E. semi
funeralis. Only one other species of Euzophera, E. ostricolleralla Hulst, is
found in Michigan and it is relativley uncommon and found only in the south
ernmost counties (M. Nielsen, pers. commun.). It is not known if this or any of
the other species of Euzophera are attracted to the Americanllum borer
blend. The individual components of the blend are commonly use by species
from several families, and have been reported in the following number of
pyralid species: Z9-14:ALD= 8; Z9-I4:0H= 10; Z,E-9,12-14:ALD= 7; Z,E·
9,12-14:0H= 16 (Arn et al. 1992). Development of a sex pheromone lure for
monitoring E. semifuneralis has led to a more complete understanding of its
life cycle on Michigan cherries, thus aiding the development of effective con
trol strategies for lepidopteran cambium feeding pests. Control strategies
previous to this study centered around the single application of relatively low
rate of a long residual insecticide to the trunk and lower scaffold limbs in early
to mid June (Howitt, unpublished data). This coincided well with the peak
emergence and egg laying of the lesser peachtree borer and gave excellent

THE GREAT LAKES ENTOMOLOGIST

1994

CI)

315

30

Co

a

...
t

tIS

~(l)

...

::I

a

20

tIS

(.)
CI)

.c

'0

-...
:E
0

10

(l)

.c

E
::::I

Z

d

c

tIS

(l)

:E

0
0

30

100

300

1000

Concentration of 4-Component Mixture (}Jglsepta)
Figure 1. American plum borer pheromone concentration test with second generation
males in Oceana and Leelenau counties (July-Sept. 1985). Means followed by the same
letter were not statistically different (P= 0.05; DMRT).

control of that pest. but was 2-3 weeks late for the control of first brood
American plum borer neonate larvae (See Fig. 2). Those American plum borer
larvae would be feeding under the bark on the cambium in June and would be
protected from dilute trunk applications.
Euzophera semifuneralis is distinct among the cambium boring pests of
tree fruits in Michigan in that it has two generations per season (See Fig. 2).
This has been substantiated by several years of field observations of larvae
and pupae as well as adult emergence data (Biddinger 1989). As aready men
tioned, the overwintering brood reaches peak adult emergence around mid
May (white bud stage of tart cherries). The second brood emergence occurs
over a relatively long period of time from late June to the end of September.
Peak emergence occurs from mid-July to early August and coincides with tart
cherry harvest. It was found that the lower insecticide rates used in the
conventional S. pictipes June spray program gave little residual control of the
neonate E. semifuneralis larvae of this summer brood (Howitt and Biddinger
1986. Biddinger 1989). An additional application to the trunk in July would
have been needed to control the second generation with the conventional
lesser peachtree borer program, but this timing conflicted with harvest toler
ances for pesticide residues on the fruit. Eventually control programs cen
tered on a single petal fall application of a much higher rate of insecticide to
the trunk and scaffold limbs that gave seasonal control of both generations of
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Figure 2. Adult emergence of three borer pests of stone fruit in midwestern Michigan,
1988.

E. semifuneralis and the single generation of S. pictipes (Biddinger 1989,
Howitt and Biddinger 1986, Jones et al. 1992). Cherry growers in Michigan
now use American plum borer pheromone lures to monitor populations to
determine if they have exceeded economic thresholds and as an aid for the
timing of insecticide applications (J. Johnson, pers. commun.).
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SIGNIFICANT RANGE EXTENSION OF LEPTOTES MARINA (LEPIDOPTERA:
LYCAENIDAE) INTO NEW YORK STATE
Wayne K. Gall and Robert F. Andrle l

The Marine Blue, Leptotes marina (Reakirt) (Lepidoptera: Lycaenidae), is
resident from the southwestern United States south through Mexico to Gua
temala, with strays reported no further northeast than extreme northwestern
Indiana and extreme south-central Ohio (Opler and Krizek 1984, Scott 1986,
Shull 1987, Opler and Maliku11992, Parshall 1993). Although L. marina may
be easily overlooked in the field (Iftner, Shuey and Calhoun 1992), the paucity
of published records, e.g., two in Illinois (Irwin and Downey 1973), one in
Indiana (Shull 1987), and one in Ohio (Parshall 1993), may truly reflect the
rarity of strays in the northeastern portion of its range.
We would like to report a significant range extension of L. marina into
western New York, and thus the first record of this butterfly in New York
State (see Shapiro 1974, and Klass and Dirig 1992, for complete listings of
New York State butterflies). This record is approximately 530 km from the
nearest published record known to us, Lawrence County, Ohio (Parshall 1993).
One male L. marina with worn wings has been deposited in the insect collec
tion of the Buffalo Museum of Science, accession number 1993.338, with label
data as follows: NEW YORK, Erie County: Town of North Collins, in hayfield
2.3 km NW of Hamlet of Langford, School Street between Route 75 and
Jennings Road, elev. 390 m. 25 July 1993, Robert F. Andrle colI. The collecting
site was an upland old-field with short grasses (approx. 25 cm high), Trifolium
sp., Daucus carota, and some clumps of Asclepias syriaca, near the edge of a
woods. Other butterflies observed at the time of collection included Pieris
rapae (L.) and CoUas eurytheme Boisduval (Pieridae), Celastrina ladon (Cra
mer) (Lycaenidae), Basilarchia archippus (Cramer) (Nymphalidae), Danaus
plexippus (L.) (Danaidae), and Thymelicus lineola (Ochsenheimer) (Hespe
riidae). Since the chronology of the record for New York (25 July 1993) corre
sponds closely with that of Parshall's record for Ohio (15 August 1993), it is
interesting to speculate if the extreme weather patterns in 1993 (hot and dry
in the southern US, prolonged rains and flooding in the midwestern US) may
have been responsible for a pronounced northward irruption of L. marina (and
other Lepidoptera?) in 1993 (Robert Diri~, pers. comm.).
Despite the paucity of records for this butterfly in the northern US, lepi
dopterists in the Great Lakes region should be vigilant for strays of L. marina
in open areas such as clover and alfalfa fields (Iftner, Shuey and Calhoun
1992). The larval foodplants of this species include Medicago sativa, Lathyrus
odoratus, Amorpha, Astragalus (and other Fabaceae), as well as Plumbago sp.
(Plumbaginaceae) (Opler and Krizek 1984, Opler and Malikul 1992, Scott 1986,
Shull 1987).

IDivision of Invertebrate Zoology, and Vertebrate Zoology, respectively, Buffalo
Museum of Science, 1020 Humboldt Parkway, Buffalo, NY 14211-1293.
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FIELD RECOGNITION OF ADULT ACENTRELLA AND HETEROCLOEON
(EPHEMEROPTERA: BAETIDAE)
R.D. Waltz l

ABSTRACT
The highly developed anterior process of the mesothorax, is described as a
useful field character for identifying adults of Acentrella and Heterocloeon in
the Nearctic. This presumed adult synapomorphy suggests a sister relation
ship of the two genera.
Larvae of the genera Acentrella Bengtsson and Heterocloeon McDun·
nough have been recognized previously as very closely allied on the basis of
shared larval synapomorphies (Morihara and McCafferty 1979a), including
the more broadly shared synapomorphy of the femoral villopore (Waltz and
McCafferty 1987a,b; McCafferty and Waltz 1990). Larvae of both genera are
recognized as living in low sediment, relatively high quality lotic waters.
Identification of adults of these two genera from among other baetids has
been largely reliant on species characters of color and hindwing form (see
Traver 1935). Both Acentrella and Heterocloeon tend to possess darkly pig
mented abdominal terga (as do Labiobaetis Novikova and Kluge (McCafferty
and Waltz, in ms.) and some members of the Baetis rhodani group). However,
normally darkly pigmented abdominal terga of Acentrella may appear to be
lightly pigmented when preserved in alcohol. Hindwing characters currently
provide the most satisfactory means of differentiating Acentrella from
Heterocloeon, and separating both genera from other Nearctic baetids, with
the possible exception of some members of Labiobaetis. Species of A centrella
mayor may not possess hindwings. Acentrella hindwings always lack a costal
process and bear two longitudinal veins. Most Heterocloeon possess
extremely small hindwings that lack a costal process and veins. The one
known exception is H. frivolum (McDunnough) which has retained the typical
Acentrella hindwings and can not be separated from A. ampla Traver in the
adult stage (Morihara and McCafferty 1979a). For field sorting purposes, the
use of hindwing characters is time consuming and difficult, specimens, if not
discarded, may be relegated to a collective identification "Baetidae" or "Baetis
spp." by non-specialists.
While reviewing adult characters of these and other baetid genera in the
course of ongoing systematic revisions of the Baetidae, a striking character
state was identified which is unique to Acentrella and Heterocloeon, i.e., a
conical, dorsally directed, anterior process of the mesothorax (Fig. 1). Out
group analyses indicate that the ancestral condition is greatly reduced, low,
and non-projecting (e.g., in the baetid genera Cloeon Leach and Callibaetis
Eaton as well as in Siphlonuridae and Ameletidae) and that the highly devel

lIndiana Department of Natural Resources, Division of Entomology and Plant
Pathology, 402 West Washington, Room W-290, Indianapolis, IN 46204.
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Figure 1. Acentrella carolina, female. Mesothorax (Lateral view, right sidel. (Arrow
indicates anterior process).

oped condition of the anterior process of the mesothorax is a synapomorphy
uniting Acentrella and Heterocloeon, not shared by other Nearctic genera or
species groups of Baetis as defined by Morihara and McCafferty (1979b) and
Waltz and McCafferty (1987b). Comparative figures of the anterior process of
the mesothorax are available for some baetid genera in Edmunds et al. (1976):
Apobaetis Day (Fig. 262), Paracloeodes Day (Fig. 263), Baetodes (Fig. 264),
and an unnamed member of the Baetis fuscatus group (as Pseudocloeon sp.)
(Fig. 261).
In all other N earctic genera of Baetidae the anterior process of the
mesothorax is much smaller in size, never projects dorsally, and has never
been found to be apically pointed.
The anterior process of the mesothorax (Fig. 1) provides a rapid means of
identifying adult members of Acentrella and Heterocloeon from among other
Baetidae. Hindwing characters discussed above will still need to be used to
make genus and species determinations. A new key to the Nearctic species of
Acentrella, for example, has been provided by McCafferty et al. (1993). It is
hoped that recognizing this new "field" character will help make determina
tions of the presence of these taxa more expedient and accurate when sorting
mixed samples of adult Nearctic baetids.
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