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MORPHOLOGICAL DIFFERENTIATION BETWEEN 
APHIS SPIRAECOLA AND APHIS POMI 

(HOMOPTERA: APHIDIDAE) 

Susan E. Halbertl and David J. Voegtlin2 

ABSTRACT 

Aphis pomi and Aphis spiraecola, are both found on agriculturally impor
tant hosts such as apple and pear, and in trap collections. Their morphological 
similarity makes identification difficult. Examination of specimens of both 
species fmm a wide geographical range demonstrated that available keys, 
especially those based on European material, were not always accurate for 
North American specimens. Data taken from North American specimens is 
presented and a key is provided to aid in the identification of trapped alatae 
preserved in alcohol as well as slide mounted alatae and apterae of these two 
species. 

Simultaneous flights of Aphis spiraecola Patch and A. pomi DeGeer 
occurred near Prosser, Washington, in summer 1984. Pan traps in area wheat 
fields collected large numbers of alatae of both species that were very difficult 
to separate because of their close morphological similarity. A literature search 
revealed that there has been considerable confusion between these two species 
(Patch 1914, 1923, Palmer 1952, Cottier 1953). Biologically they are distinct. 
Aphis pomi has a relatively restricted host range within the woody Rosaceae 
and at times is considered a pest on Malus spp. and Pyrus spp. A. spiraecola 
undergoes host alternation with Spiraea, its primary host, and a wide variety 
of secondary hosts. It is considered a pest of Spiraea spp. and citrus, and more 
recently its abundance on Malus spp. (Pfeiffer, Brown and Yarn, 1989) sug
gests that it may be a pest on apple. The only forms of the two species that can 
be easily separated are the sexuales. A. pomi has apterous males and oviparae 
do not have swollen hind tibiae. Males of A. spiraecola are alate, and oviparae 
have swollen hind tibiae (palmer 1952, Blackman and Eastop 1984). 

Patch (1923) discovered thatA. PQmi would feed and develop on Spiraea and 
A. spiraecola would feed and develop on Malus which confirmed her suspicion 
that she was dealing with one highly variable species. Her colonies on apple 
were decimated by a fungus so all transfer attempts to secondary hosts, which 
would have demonstrated the limited host range of A. pomi, were made using 
A. spiraecola from Spiraea! Later she suggested using the names A. pomi and 
A. spiraecola on the basis of the plants on which they were found (Patch 1929). 
Host plants subsequently became the criteria on which identifications of ala

lUniversity of Idaho, Department of Plant, Soil and Entomological Sciences, 
Southwest Idaho Research and Extension Center. 29603 U of I Lane. Parma. ID 
83662-9637. 

Center for Biodiversity, Illinois Natural History Survey, 607 E. Peabody. Cham
paign, IL 61820. 
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tae and apterae of these two species were based (Rottes and Frison 1931, 
Palmer 1952). This, combined with both species sharing the hosts of A. pomi, 
has resulted in misidentifications. An example of this is found in the material 
from apple, quince, Crataegus and pear identified as A. pomi by Rottes and 
Frison (1931). Approximately one-third of the specimens are A. spiraecola
(determined by D.J.V.). Stroyan (1984) in his discussion of A. sl?iraecola (as A. 
citricola) noted, "Many of the hosts of pomi DeGeer may be mfested, which 
may lead to confusion". Pfeiffer, Brown and Varn (1989) noted that A. spi
raecola greatly outnumbered A. pomi in apple orchards in Virginia, West 
Virginia and Maryland during the 1986 season. Colonies containing both spe
cies have been observed on apple in Idaho by the senior author. Ronald Meyer 
(pers comm.) found large numbers of A. spiraecola on apple in Illinois in 1989. 

Recent European publications have shown that the length of the ultimate 
rostral segment, the ratio of the length of the ultimate rostral segment to the 
length of hind tarsal segment II, the number of lateral tubercles on abdominal 
segments II-IV and the number of caudal setae are useful characters for 
distinguishing these two species (Blackman and Eastop 1984, Stroyan 1984, 
Reie 1986). We wanted to determine whether these characters hold for North 
American material and, because there seems to be a continual series of epide
miological projects involving trap collections of aphids, to see if there was a 
character or combination of characters that could be used to easily separate 
alcoholically preserved specimens of the two species. 

MATERIALS AND METRODS 

Alatae and apterae of both species were obtained through loans, gifts and 
our own cultures for morphological analysis. Specimens were obtained from 
Oregon, Washington, Idaho, Illinois, Virginia, West Virginia, British Colum
bia, Manitoba, Ontario and Quebec. Host plants represented were Spiraea x 
Vanhouttei, Crataegus sp., Malus domesticus, Malus scheiderkeri, Malus spp., 
Cydonia sp. and Cotoneaster sp. Only specimens taken directly from host 
plants were used for measurements, i.e., no trap-collected alatae were 
measured. 

The following measurements and counts were taken for each specimen: 
length of antennal segment III, base of antennal segment VI, process termina
lis, siphunculi, cauda, ultimate rostral segment and hind tarsal II; number of 
setae on the cauda, and number of lateral abdominal tubercles on segment II
V. Specimens were measured using a drawing tube attached to a Zeiss® com
pound microscope. Measurements were effected using a Zidas® digitizing pad, 
calibrated for each microscope objective, connected to a Macintosh® computer 
where the data were stored for analysis. 

The senior author sorted hundreds of trap-caught individuals of both spe
cies. In this process she observed that the veins in the forewing appeared dark 
in A. pomi and very pale in A. spiraecola. To test this observation, specimens 
were sorted into two groups with either dark or pale wing veins, mounted on 
slides and identified. All statistical analysis was done using the Systat@ soft
ware package. 

RESULTS 

Although aphids were collected from variety of hosts, the majority were 
from either Spiraea or Malus. No within species host-related significant differ
ences were found for any of the characters so all aphids were used for the 
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following analysis. The data were analyzed using an independent Hest with 
pooled variance to determine if there were significant differences between the 
means. For each comparison the significance levels are indicated in Table 1. 

The range in number of caudal setae (Fig. lA & B) shows considerable 
overlap between the two species. There is little difference in this character 
between alatae and apterae. The number of lateral abdominal tubercles on 
segments II-V shows overlap only in the apterae with less than 5% of both 
species having two (Fig. 1). The range of the length of the ultimate rostral 
segment (Fig. 2A & B) shows little overlap between the two species. There is 
considerable overlap in the value of the ratio of ultimate rostral segment to 
second hind tarsal segment (Fig 2C & D). The usefulness of wing vein pigmen
tation as a character for separating these two species in alcohol proved virtu
ally 100% accurate. Fig. 3 shows a photograph of a slide mount of a forewing 
of each species. The wings were removed from the alcoholic specimens, rinsed 
in water and mounted into a gum based mountant. The dark wing venation 
pigmentation in A. pomi and lack thereof in A. spiraecola is easily seen in this 
photograph. 

DISCUSSION 

The number of caudal setae is a character that has been be used to separate 
the two species. Our data suggest that this is not a useful character for 
separating the apterae (Fig.lA). Although there is considerably less overlap in 
alatae this character is not useful for discriminating between the two species 
(Fig. lE), 

Blackman and Eastop (1984) stated that there are no lateral tubercles on 
abdominal segments II-IV of A. spiraecola. However, our data show the pres
ence of tubercles in 21 % of alatae and 14% of the apterae. Stroyan (1984) and 
Heie (1986) observed the presence of lateral abdominal tubercles but gave no 
indication of the frequency of specimens in which these occur. The small 
amount of overlap in number of abdominal tubercles in apterae and lack of 
overlap in alatae, (Figure lC & D) makes this a useful character for separating 
the two species. Although small, these tubercles can often be. seen using dis
secting microscopes with magnification in the 40-60X range, making this a 
useful character for separating alcoholically preserved specimens of the two 
species. 

The use of absolute lengths in taxonomy is often discouraged and given the 
variability of some aphid species can be risky, however, for these two species 
the length of the ultunate rostral segment is most useful for separating the 
two. There is some overlap in the apterae (Fig. 2A) but virtually no overlap in 
the alatae (Fig. 2B). The ratio of length of ultimate rostral segment to hind 
tarsal II has also been used to discriminate between these species (Stroyan 
1984, Heie 1986). With our data this ratio works well with apterae (Fig. 2C) 
but clearly not with alatae where there is considerable overlap in the range of 
the ratios (Fig. 2D). 

The difference in pigmentation of veins in the forewing is very useful espe
cially for sorting trap catches in areas where both species occur. We have 
found it to be a reliable character for all specimens we have seen. This differ
ence is clearly visible in photographs of these two species in Blackman and 
Eastop (1984). 
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i:I:Table 1. - Measurements of characters from Aphis pomi and Aphis spiraecola apterae and alatae. The top measurement in each set contains the i:"j

mean and, in parentheses, standard deviation. The lower set of numhers is the range. Significance levels, based on an independent t·test. are 
indicated by asterisks hetween sets of data, ns = not significant, o 

species number ant III ant VI base ant VI pt siphunculi cauda ult. rostral seg. hind tarsal II ~ 
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pomi 

spiraecola 

40 

90 

0.286 (0.041) 
0.210-0.348 

**** 
0.179 (0.033) 
0.100-0.290 

0.118 (0.015) 
0.090-0.141 

**** 
0.087 (0.014) 
0.040-0.120 

0.299 (0.025) 
0.250-0.366 

**** 
0.250 (0.039) 
0.120-0.314 

0.308 (0.053) 
0.190-0.347 

**** 
0.178 (0.044) 
0.080-0.299 

0.175 (0.024) 
0.110-0.219 

**** 
0.139 (0.026) 
0.060-0.200 

0.140 (0.110) 
0.113-0.157 

**** 
0.097 (0.009) 
0.070-0.114 

0.111 (0.011) 
0.070-0.127 

**** 
0.086 (0.011) 
0.068-0.109 
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00 
i:"j 

apterae 
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ns 
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0.090-0.284 

ns 
0.091 (0.018) 
0.050-0.170 

**** 
0.232 (0.039) 
0.140-0.302 

* 
0.263 (0.085) 
0.070-0.449 

*** 
0.197 (0.040) 
0.090-0.275 

0.102 (0.012) 
0.070-0.125 

0.090 (0.012) 
0.060-0.113 

o 
5 

* = p < 0.05... = P < 0.01, *** P < 0.005, **** = p < 0.001. Number of specimens measured is indicated under number. o ..... 
~ 

~ 
I>:l 
9' 
Z 
9 
I-' 
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z 
a 
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Figure 1. A & B, Histograms showing number of caudal setae for apterae and alatae, 
respectively, of Aphis pomi and A. spiraecola; C & D, histograms showing number of 
lateral abdominal tubercles on segments II-V for apterae and alatae, respectively, of A. 
pomi and A. spiraecola. For A. pomi apterae n=47, alatae n=40; for A. spiraecola 
apterae n=82, alatae n=90. 

KEY TO DISTINGUISH A. POMI AND A. SPIRAECOLA 

The following couplets are provided to aid in separating alcoholically pre
served alatae of these two species and alatae and apterae when mounted on 
microscope slides. Numbers in parentheses in the couplets are outside the 
range of the majority of the measurements or ratios. See Figs. 2C & D for 
relationship of these measurements to the rest of the distribution. 

Alcoholically preserved alatae: 

1a. Veins in forewing distinctly pigmented, much darker than the surrounding 
wing. A minimum of three lateral marginal tubercles present, most 
commonly 5 or more (count tubercles on both sides of abdominal seg
ments II-V)...................................... .pomi De Geer 

lb. Veins in forewing, especially cubitus and media, not distinctly pigmented, 
not darker than surrounding wing. Usually without obvious lateral mar
ginal tubercles but if present, only 1 or 2 (count tubercles on both sides 
of abdominal segments II-V)..................... .spiraecola Patch 
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apterae alatae 

A B 

A. spiraecola 

A. pomi ..~ 
L~...._.L__.' ! 
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Dc 
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A. pomi ,.~ • 

,! I. ! 
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ultimate rostral segmentlhind tarsal n "Ilhnate rostral segmenllhind larsalll 

Figure 2. Notched box plots comparing length of ultimate rostral segment and the 
ratio, length of ultimate rostral segment/length of hind tarsal II, between alatae (2B, 
2D) and apterae (2A, 2C) of A. pomi and A. spiraecola. The center line of each box is the 
median while the ends of the boxes are hinges and provide interquartile distances. The 
solid horizontal line indicates range within 1.5 times the spread between the two hinges 
(HI, asterisks indicate values between 1.5 and 3H, and circles indicate outliers beyond 
3H. The median of the box is notched. and the box returns to maximum width at the 
lower and upper confidence intervals. If the intervals around two medians do not over
lap, the medians can be considered different at the 95% confidence level. 

Slide mounted alatae and apterae: 

1a. Length of ultimate rostral segment greater than 0.12 mm. Ratio of ulti
mate rostral segment/hind tarsal II 1.19-1.45 (1.63) in apterae and 
1.14-1.39 (1.7) in alatae. Number of caudal setae ranging from 8 to 21 in 
apterae and (8) 11 to18 (21) in alatae. A minimum of 2, usually 4 to 8 
lateral tubercles on abdominal segments II-V .......... .pomi DeGeer 

lb. Length of ultimate rostral segment less than 0.12 mm, usually less than 
0.11 mm. Ratio of ultimate rostral segment/hind tarsal II 0.98-1.25 
(1.5) in apterae and 0.97-1.35 (1.43) in alatae. Number of caudal setae 
ranging from 6 toI3 in apterae and 6 to12 (15) in alatae. Usually without 

http:0.97-1.35
http:0.98-1.25
http:1.14-1.39
http:1.19-1.45
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Figure 3. Photograph of forewing of A. pomi (top) and A. spiraecola (bottom). Note 
difference in darkness of veins, especially cubitus and media. 

lateral tubercles on abdominal segments II-V, if present never more 
than 2........................................ .spiraecola Patch 
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SURVIVAL, DEVELOPMENT AND POPULATION DYNAMICS 

OF EMPOASCA FABAE (HOMOPTERA: CrCADELLIDAE) 


ON THREE LEGUME HOSTS 


Stephen S. Peterson l , John L. Wedberg2, and David B. Hogg2 

ABSTRACT 

Survival and development of potato leafhopper, Empoasca fabae, nymphs 
were measured on alfalfa (Medicago sativa), birdsfoot trefoil (Lotus cornicula
tus), and red clover (Trifolium pratense). Survival was not significantly differ
ent among host plants (mean = 62%). There was no interaction between sex 
and host plant for developmental time. Males developed significantly faster 
than females. Developmental time was fastest on alfalfa, intermediate on 
trefoil, and slowest on red clover. Plots of alfalfa, trefoil, and red clover were 
planted to compare the seasonal abundance of the potato leafhopper in the 
three forages. Nymphs were more abundant in trefoil than in alfalfa and red 
clover late in July, but no differences occurred on the other sample dates. At 
their peak, adults were more abundant in alfalfa than in trefoil and red clover. 

The potato leafhopper, Empoasca fabae (Harris), is a highly polyphagous 
insect that causes injury to a variety of crops including alfalfa, soybeans, and 
potatoes. In alfalfa, the potato leafhopper is the most important insect pest in 
the northcentral and eastern United States. Red clover (Trifolium pratense) 
and birdsfoot trefoil (Lotus corniculatus) offer alternatives in forage produc
tion where alfalfa is difficult or impractical to grow. The potato leafhopper is 
commonly collected in birdsfoot trefoil (Neunzig and Gyrisco 1955, Guppy 
1958, Wipfli et al, 1989), though injury symptoms such as 'hopperburn' are 
seldom observed in trefoil (D.B.H., pers. obs.). Leafhopper development and 
survival have been documented on alfalfa and red clover (Simmons et al. 
1984b), but leafhopper performance on trefoil is unknown. 

In addition, little is known about the preference and relative abundance of 
the potato leafhopper among forage crops. The potential abundance of the 
leafhopper in various forage crops would be useful to growers choosing crop 
locations and strategies. The purpose of this study was to compare develop
ment and survival of potato leafhopper nymphs on alfalfa. trefoil, and red 
clover and to compare patterns in field population dynamics in those crops. 

lSW Idaho Research & Extension Center, 29603 U of I Lane, Parma, ID 83660. 
2Department of Entomology. University of Wisconsin-Madison, Madison. WI 

53706. 
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MATERIALS AND METHODS 

Development and Survival of Nymphs. 'Vernal' alfalfa, 'Norcen' birdsfoot 
trefoil, and 'Arlington' red clover were grown from seed in a greenhouse in 
1989. Six pots (20 cm diameter) of each plant species were planted. Plants 
were eventually thinned to two plants per pot. The greenhouse was heavily 
whitewashed and light was supplemented by two 40 watt cool white florescent 
bulbs, 81 cm from the soil level of the pots. Averalie light intensity was 
measured on a cloudless afternoon by aLi-Cor LI-188 QuantumJ Radiometer! 
Photometer to be 167.9 /-tEm-2s-1• Plants were watered three to four times per 
week. Temperature in the greenhouse ranged from 19° to 37°C and the rela
tive humidity ranged from 30 to 100%. 

Adult potato leafhoppers were captured by sweep-net in alfalfa at the Uni
versity of Wisconsin's Arlington Agricultural Research Station. The adults 
were held in ventilated cages with fresh green bean pods, Phaseolis vulgaris, 
for feeding and oviposition. First-instar nymphs were collected from the bean 
pods by anaesthetIZing them for approximately 15 s with CO2, Nymphs were 
then transferred to forage host plant cages using a camel hair paint brush (no.
000). 

Cages consisted of a plastic tube 3.5 cm in diameter and 10.1 cm in length. 
Two L8-cm holes were cut in the sides and organdy screen was cemented over 
the holes for ventilation. The top closed with a removable cap which also had a 
L8-cm diameter screened hole. The bottom of the cage was plugged with a 
foam cylinder, cut radially to surround the plant stem without damaging it. A 
metal wire (2 rom diameter, 40 cm long) was inserted into the soil and the 
cages were secured to the wire by two rubber bands. A maximum of two cages 
per pot were allowed. 

Six first-instar nymphs were placed in each cage. Surviving nymphs were 
counted and given new stems every 3 d until the ninth day. After 9 d, nymphs 
were counted and given new stems every day. When new stems were provided, 
nymphs were randomly redistributed to new cages on the same species of host 
plant. Nymphs were randomly mixed in this way to avoid introducing a cage 
effect and each nymph was considered an experimental unit. 

Because larger nymphs are able to damage plant stems faster, fewer late
instar nymphs were allowed per cage than early-instar nymphs. Thus, on day 
3, the maximum number of nymphs per cage was reduced to five, and on day 
6, until the end of the experiment, the maximum number of nymphs was 
reduced to three. 

Degree-day (DD) accumulations were calculated by the sine wave method 
(Higleyet al. 1986), with a temperature threshold of 8°C (Hogg 1985). Analy
sis of variance (ANOV A) was used to test for differences in development 
among sexes and host plants. The means were compared by the protected 
least significant difference (LSD) method (P =: 0.05). The overall proportion 
surviving on each host was tested for homogeneity using a chi-square test for 
a binomial sample. 

Population Dynamics. A field trial was conducted at the Arlington Agricul
tural Research Station in 1989 in a field that was previously planted with 
com, Zea mays. Three treatments, 'Dart' alfalfa, 'Leo' birdsfoot trefoil, and 
'Arlington' red clover were replicated four times in a randomized complete 
block design. Plots were 14.4 by 28.8 m with a 6.6 m alfalfa border on two 
sides. Plots were direct seeded at 16.9 kg!ha \15 Ib!A) for alfalfa, 9.0 kg!ha (8 
Ib!A) for trefoil, and 13.5 kg!ha (12Ib/A) for red clover. All plots were planted 
on 18 April 1989. From 16 June to 16 August sweep samples were taken from 
each plot every other week. The sample unit was 20 pendulum sweeps, in a "U" 
shaped pattern in each plot. Sweep samples were placed in organdy bags, 
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Table 1. - Percent survival of potato leafhopper from eclosion to adulthood on alfalfa. birds· 
foot trefoil. and red clover. No significant differences among hosts occurred. 

PERCENT SURVIVAL (n) 

DAY ALFALFA TREFOIL CLOVER TOTAL 
0-3 
3-6 
6-9 
9-15 
0-15 

72.9 (48) 
97.1 (35) 

lOO.O (34) 
93.1 (29) 
66.0 (47) 

67.4 (49) 
100.0 (33) 
97.0 (33) 

lOO.O (31) 
65.3 (49) 

58.3 (48) 
100.0 (28) 
100.0 (28) 
96.3 (27) 
55.3 (47) 

66.2 (145) 
99.0 (96) 
99.0 (95) 
96.6 (87) 
62.2 (143) 

frozen and then potato leafhopper nymphs and adults were counted. All plots 
were cut on 21 July. 

The split-plot approach to repeated measures analysis of variance was used; 
F-tests were adjusted with the Huynh-Feldt adjustment (SAS Institute 1982). 
The least significant difference method was used to separate means. 

Voucher specimens from this study, including six males and six adult 
females of E. fabae, have been deposited in the Insect Research Collection of 
the Department of Entomology, University of Wisconsin-Madison. 

RESULTS AND DISCUSSION 

Development and Survival of Nymphs. Overall survival ranged from 55 to 
66% and was not significantly different among hosts during any time period 
(Chi-square = 1.43-2.32; df = 2; P > 0.25) (Table 1). Survival was lowest in 
the first three days (mean = 68%) but increased to over 95% thereafter. Poos 
and Smith (1931) found large variation in nymphal survival for various host 
plants. Survival was highest on Peruvian alfalfa (91 %) and lowest on zigzag 
clover, Trifolium medium (18%). Survival on various alfalfas ranged from 54 
to 91 %, while on red clover survival ranged from 20 to 66%. We found that 
survival on alfalfa and red clover was 66 and 55%, respectively, which are in 
the ranges found by Poos and Smith (1931). 

There was no interaction between host plant and sex of leafhoppers for 
developmental time (F = 1.68; df = 2,83; P > 0.10). Males developed signifi
cantly faster than females (F = 24.18; df = 1,83; P < 0.0001) and there was a 
significant difference among hosts for developmental time (F = 10.92; df = 
2,83; P < 0.0001). Development on alfalfa was significantly faster than on 
trefoil which was significantly faster than on red clover (Fig. 1). Previous 
studies have shown that potato leafhopper males develop faster than females 
(Hogg 1985). 

Simmons et al. (1984b) found differences in developmental rate of potato 
leafhopper at 24°C between alfalfa and red clover varieties. Development on 
'Kenstar' red clover was slower than on the three varieties of alfalfa tested. 
They also found that potato leafhopper females usually developed slower than 
males. In addition, females preferred to oviposit on alfalfa compared to red 
clover (Simmons et al. 1984a), though adult female longevity was not different 
between alfalfa and red clover varieties. 

Simonet and Pienkowski (1980) reported that 174 DD were needed for first· 
instar to adult development on broad bean (Vicia faba). In our experiment, 
development was somewhat longer on all three hosts (minimum = 185 DD). 
Simmons et al. (1984b) also found that potato leafhopper developed faster on 
broad bean than 'Apollo' and 'Riley' alfalfa and 'Kuhn' and 'Kens tar' red clover. 
However, as Hogg and Hoffman (1989) indicate, the differences in potato 
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Figure 1. Developmental time in degree·days (SOC threshold) for potato leafhopper 
nymphs on alfalfa (ALF), birdsfoot trefoil (BFT), and red clover (RC). Host plants with 
different letters are significantly different by protected LSD (P < 0.05). Vertical lines 
represent SEM. 

leafhopper development on various hosts may be statistically significant, but 
are generally not large. 

Population Dynamics. Direct comparisons among crops for sweep counts of 
leafhoppers should be made with caution. The efficacy of the sweep-net was 
probably variable among crops because of differences in crop densities and 
heights. Also, the sweep-net is more effective at capturing larger nymphs than 
small ones. However, before clipping (14 July), all hosts were comparable in 
height and variation in sweeping efficacy was probably lowest at that time. 

Sweep counts of potato leafhopper hs peaked on 14 July in alfalfa and 
red clover, and on 28 July in trefoil . 2A). A weak interaction between 
sample date and crop occurred for nymphs (F 2.30; c = 0.667; df = 10,30; P 
< 0.10). Univariate ANOVA revealed that on 28 July a significant difference 
among crops occurred (F = 6.96; df = 2,6; P < 0.05). On that date, signifi
cantly more nymphs were collected in trefoil than in alfalfa and clover. 

Adult potato leafhopper populations peaked on 14 July in all three crops 
(Fig. 2B). Potato leafhopper levels declined sharply after mid-July. A strong 
interaction occurred between sample date and crop (F = 10.84; c 0.594; df = 
10,30; P < 0.0001). On 29 June and 14 July adults were significantly more 
abundant in alfalfa than in trefoil or clover (F 12.95-19.09; df = 2,6; P < 
0.01). However, by 3 August adults were equally abundant in alfalfa and 
trefoil, while in clover, adult counts remained significantly lower IF = 18.48; 
df = 2,6; P <0.01). 

In the alfalfa plots, leaf-tips began turning yellow by 14 July. This symptom 
is typical of leafhopper injury. Both trefoil and red clover never showed 'hop
perburn,' but leafhopper populations were not as high in those crops. 

Our study shows that in comparison to alfalfa, potato leafhopper develop
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alfalfa (ALF), birdsfoot trefoil (BFT), and red clover (Re). Host plants within a sample 
date with different letters are significantly different by protected LSD (P < 0.05). 
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ment was slightly slower on birds foot trefoil and slower still on red clover. If 
hosts that provide the fastest developmental rates are preferred, then we 
would expect adults to be most abundant in alfalfa, intermediate in trefoil, 
and least abundant in clover. Because the adults are adapted for dispersal, any 
preference response would be most apparent in this stage. On 14 July, the 
adult peak, this exact pattern was observed, although the difference between 
red clover (98) and trefoil (178) was not significant statistically (LSD = 90, IX 

0.05). Our study indicates that among these legumes, potato leafhopper 
adults prefer the host which offers the fastest developmental rate. 

ACKNOWLEDGMENTS 

We thank Tracy Andacht and Marnie Pearsoll for technical assistance. This 
paper was part of a Ph.D. dissertation submitted to the University of 
WIsconsin-Madison by S.S.P. The research was supported by the College of 
Agricultural and Life Sciences, University of Wisconsin-Madison (Hatch Pro
ject No. 3041). 

LITERATURE CITED 

Guppy, J. C. 1958. Insect surveys of clovers, alfalfa. and birdsfoot trefoil in eastern 
Ontario. Can. Entomol. 90:523-531. 

Higley, L. G., L. P. Pedigo, and K. R. Ostlie. 1986. DEGDAY: A program for calculating 
degree-days, and assumptions behind the degree-day approach. Environ. EntomoL 
15:999-1016. 

Hogg, D. B. 1985. Potato leafhopper (Homoptera: Cicadellidael immature development, 
life tables, and population dynamics under fluctuating temperature regimes. Environ. 
Entomol. 14:349·355. 

Hogg, D. B. and G. D. Hoffman. 1989. Potato leafhopper population dynamics, pp. 
26-34. In: E.J Armbrust and W.O. Lamp [eds.], Proceedings of a symposium: History 
and perspectives of potato leafhopper (Homoptera: Cicadellidae) research. Misc. PubL 
EntomoL Soc. America, No. 72. 

Neunzig, H. H. and G. G. Gyrisco. 1955. Some insects injurious to birdsfoot trefoil in 
New York. J. Econ. Entomol. 48:447-450. 

Poos, F. W. and F. F. Smith. 1931. A comparison of oviposition and nymphal develop· 
ment of Empoasca fabae (Harris) on different host plants. J. Econ. EntomoL 
24:361-371. 

SAS Institute. 1982. SAS user's guide: statistics. SAS Institute, Cary, NC. 
Simmons, A. M., B. C. Pass. and K. V. Yeargan. 1984a. Influence of selected legumes on 

egg production, adult survival, and ovipositional preference of the potato leafhopper. 
J. Agric. EntomoL 1:311·317. 

Simmons, A. M., K. V. Yeargan, and B. C. Pass. 1984b. Development of the potato 
leafhopper on selected legumes. Trans. Ky. Acad. Sci. 45:33-35. 

Simonet, D. E. and R. L. Pienkowski. 1977. Temperature effect on development and 
morphometrics of the potato leafhopper. Environ. Entomol. 9:798-800. 

Wipfli, M. S., J. L. Wedberg, D. B. Hogg, and T. D. Syverud. 1989. Insect pests associ
ated with birdsfoot trefoil, Lotus comiculatu.~, in Wisconsin. Great Lakes EntomoL 
22:25-33. 



1992 THE GREAT LAKES ENTOMOLOGIST 15 

APHIDOPHAGOUS COCCINELLIDS IN ALFALFA, SMALL GRAINS, AND 

MAIZE IN EASTERN SOUTH DAKOTA 


R. W. Kieckheferl, N. C. Elliott1,2, and D. A. Beck1 

ABSTRACT 

In a 13-year study of aphidophagous coccinellids associated with alfalfa 
(Medicago sativa), maize (Zea mays), and small grain crops in eastern South 
Dakota, the following species were consistently associated with the crops: 
Hippodamia convergens, H. tredecimpunctata tibialis, H. parenthesis, Col
eomegilla maculata lengi, Coccinella transversoguttata richardsoni, 
Cycloneda munda, and Adalia bipunctata. All species except A. bipunctata 
were associated with each of the three crops, while A. bipunctata occurred 
only in maize. Relative abundances of each species varied among crops and 
among years. Although only seven species were associated with the crops, 
additional species were captured on sticky traps stationed adjacent to sam
pled fields. The species diversity of immature coccinellids did not differ 
among crops but did differ among years. The diversity of adults differed 
among crops and years. The site from which samples were taken had no 
influence on the diversity of immatures or adults. Species relative abundances 
in alfalfa and small grains were more similar to each other than they were to 
relative abundances in maize. 

Species diversity of coccinellids may vary within and among plant com
munities depending on a variety of factors including microclimate, prey den
sity, annual changes in species abundance, the timing and rate of migration 
and dispersal, and geographic locality (Honek 1986). Coccinellid species diver
sity generally tends to be greater in stable vegetation, such as trees and 
shrubs, than in ephemeral crops (Honek 1982). Certain species show a decided 
preference for specific types of vegetation. For example, Adalia bipunctata 
(L.) is arboreal (Hodek 1966). Other species such as Hippodamia convergens 
Guerin-Meneville are more cosmopolitan (Hodek 1966). The age structure of 
plant communities can influence species composition. Gagne and Martin 
(1968) found that coccinellid species composition varied in coniferous forests 
of different ages. The presence of particular aphid species in the vegetation 
may partially determine the species composition of adults and larvae; some 
aphid prey may be more suitable than others, or may actually be toxic to 
certain coccinellids (Blackman 1967). 

We recently reported on the long-term trends in coccinellid populations in 
small grain, alfalfa (Medicago sativa), and maize (Zea mays) fields in eastern 
South Dakota (Elliott and Kieckhefer 1990a, 1990b, Kieckhefer and Elliott 

lUSDA, ARS, NPA, Northern Grain Insects Research Laboratory, Rural Route # 
3, Brookings, SD 57006. 

2Current address: USDA, ARS, SPA, Plant Science and Water Conservation 
Research Laboratory, 1301 N. Western Rd., Stillwater, OK 74075. 



16 THE GREAT LAKES ENTOMOLOGIST Vol. 25, No.1 

1990). In this paper we compare species composition, relative abundances, and 
diversity of adult and immature coccinellids in the three crops. 

MATERIALS AND METHODS 

Coccinellid populations were sampled from fields of alfalfa, spring small 
grains, and maize throughout the growing seasons of 1968-1985. From 
1973-1985, one field of each crop was sampled during each year at the follow
ing locations: south of Brookings (Brookings Co.); near Castlewood (Hamlin 
Co.); and east of Clear Lake (Deuel Co.). The same sites were sampled at these 
locations each year. From 1968-1972 a single field of alfalfa, spring small 
grain, and maize were sampled at two locations: south of Centerville (Clay Co.) 
and near Castlewood (Hamlin Co.). 

Predator populations in alfalfa and small grains were sampled by collecting 
six subsamples each consistin~ of 50 pendular sweeps (total of 300 sweeps) 
taken along random transects mto the field from the field edge with a 38 cm 
diameter sweepnet. Insect collections were chloroformed in the net, transfer
red to containers, and taken to the laboratory where we counted and identified 
them to species by comparison with specimens in a reference collection. Sam
pling in maize was done by collecting in an aspirator all adults and larvae seen 
on plants during four 15-min (total 1 h) inspections along field rows selected at 
random. Coccinellids were anesthetized, and returned to the laboratory for 
identification to species; Sampling in all crops was done in the late-morning or 
early afternoon on sunny days, after the ambient temperature had reached at 
least 150 C, wind velocity was under 24 kph, and foliage was dry. Each site 
was sampled at approximately weekly intervals. 

Sticky traps were used to capture flying coccinellids adjacent to the sam
pled alfalfa, small grain, and maize fields during the growing seasons of 
1968-1972. At each site, three traps were spaced approximately 20 m apart in 
a line along the edge of each sampled field (total of 9 traps per site). Traps were 
constructed by mounting six cylinders (30.5 cm ht. by 15.2 cm diam.) at 30.5 
cm intervals on a 3.8 cm diameter by 3.7 m ht. aluminum pole (beginning at 
30.5 cm above the ground), and coating the white cylinders with Tanglefoota 
(The Tanglefoot Co., Grand Rapids, Michigan). The trap assembly was held 
upright by sleeving the pole over a steel stake driven into the ground. Cocci
nellids caught on the traps were removed twice each week and returned to the 
laboratory where they were identified to species. Cylinder surfaces were 
cleaned and coated with Tanglefoot every two weeks. 

The Berg-Parker dominance index (Southwood 1978) was used to measure 
species diversity. The Berg-Parker index (D) is simply the relative abundance 
of the most common species in the sample, 

D = N/EN.. i=l, ...,T, 

where T is the total number of s~ecies in the sample.
The degree of similarity of specIes relative abundances in alfalfa, maize. and 

small grains was evaluated using Kendall's tau rank correlation coefficients 
[PROC CORRa (SAS Institute 1985)] as described by Southwood (1978: 433). 
The data from which Kendall's tau coefficients were calculated were the ranks 
of the relative abundances of each species averaged across samples from a 
particular crop within a year. Only data for species that occurred in all three 
crops were used in calculating rank correlations. 

Analysis of variance [Proc GLM3 (SAS Institute 1985)J was used to deter
mine if species diversity differed among years, sites, or crops. Auto- and cross 
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correlation coefficients [PROC ARIMA3 (SAS Institute 1984)] were calculated 
to determine if species diversity was correlated among years and if diversity 
of immatures was related to that of adults. 

RESULTS 

Consistency of Sampling Methods. The sampling methods used in our study 
differed among crops, and therefore, the possibility exists that the efficiency 
with which species were sampled may have differed among crops. Differences 
in sampling efficiency would result in biased estimates of species relative 
abundances, and consequently also biased estimates of species diversity. We 
cannot provide undisputable proof that our sampling methods provided unbi
ased estimates of species relative abundances within each crop. However, 
results of previous studies indicate that sweepnet sampling provides accurate 
estimates of coccinellid species relative abundances in alfalfa (Fenton and 
Howell 1957, Pruess et al. 1977) and small grains (Elliott et al. 1991, Elliott 
and Kieckhefer unpublished data). Our sampling in maize was accomplished 
by complete enumeration of coccinellids on maize plants, and therefore should 
have provided unbiased representation of species relative abundances. The 
available evidence suggests that our sampling methods provided accurate 
estimates of species relative abundances in each crop. 

Differences in sampling intensity could also bias estimates of species diver
sity, with the magnitude of the bias depending on the characteristics of the 
particular diversity index and its sensitivity to sampling intensity
(Southwood 1978). Comparisons of species diversity indices among crops 
would be unreliable in the presence of such bias. Since we had no prior knowl
edge as to which of several diversity indices described in the literature would 
be best for use on our data, the Berg-Parker dominance index (D) was used 
because it is relatively insensitive to sample size and is considered to be a 
reliable descriptor of species diversity (Southwood 1978). 

In order to minimize the potential for bias due to small sample size we chose 
to perform analysis of varIance on diversity indices estimated using average 
annual species relative abundances in each crop at a site. Estimates of species 
relative abundances each year at a site were based on a minimum of six 300
sweep samples in small grains, ten 300-sweep samples in alfalfa, and five 1
hour searches in maize fields. The resultant increase in sample size obtained 
by using annual averages should have minimized bias in estimates of diversity 
indices due to small sample size. 

Coccinellid Species Composition. Adult coccinellids are highly mobile and 
move freely among fields (Kieckhefer and Olson 1974, Ives 1981), whereas 
immature coccinellids are essentially restricted to the field in which they are 
born. Furthermore, adults of some species utilize habitats for feeding and 
other activities in which they seldom reproduce (Elliott and Kieckhefer 1990a, 
1990b, Kieckhefer and Elliott 1991). Therefore, we felt that it would be useful 
to examine species relationships of immatures and adults separately. Adults 
of seven coccinellid species regularly occurred in the crops (Table 1): Hippoda
mia convergens; H. tredecimpunctata tibialis (Say); H. parenthesis (Say); Col
eomegilla maculata lengi Timberlake; Coccinella transversoguttata richard
soni Brown; Cycloneda munda (Say); and Adalia bipunctata. All species 
except A. bipunctata were associated with each of the three crops, while A. 
bipunctata occurred only in maize. Other coccinellids were collected in 

3Mention of a proprietary product does not constitute endorsement by the USDA. 
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Table 1. - Relative abundances of adult and mmature coccinellids in three crops in eastern 
South Dakota from 1973-1985. 

Crop 
---.-

Life Alfalfa Small Gralns Maize 

Hippodamia conuergens 0.45 0.46 0.43 
H. tredecimpunctata tibialis 0.23 0.33 0.27 
H. parenthesis 0.21 0.10 0.01 
Coleomegilla maculata leng; 0.09 0.09 0.26 
Cycloneda munda 0.01 0.01 0.01 
Coccinella transueroguttata richardsoni 0.01 0.01 0.01 
Adalia bipunctata 0.00 0.00 0.01 

Immature 
H. conuergens 0.48 0.48 0.35 
H. tredecimpunctata tibialis 0.20 0.30 0.28 
Hippodamia parenthesis 0.26 0.06 0.01 
Coleomegilla maculata leng; 0.06 0.16 0.36 
Cyckmeda munda 0.00 0.00 0.00 
Coccinella transueroguttata richardsoni 0.00 0.00 0.00 
Adalia bipunctata 0.00 0.00 0.00 

Table 2.- Relative abundances of coccinellids on sticky traps placed adjacent to fields of 
alfalfa. small grains. and maize, and relative abundances of coccinellids in samples from 
alfalfa. small grain and maize fields from 1968-1972. 

Species __~___Sticky trap Field 
Adalia bipunctata 
Coccinella nouemnotata 
Coccinella transueroguttata richardsoni 
Coleomegilla maculata leng; 
Cycloneda munda 
Hippodamia conuergens 
H. glacialis 
H. tredecimpunctata tibialis 
H. parenthesis 

0.041 
0.004 
0.002 
0.069 
0.011 
0.508 
0.004 
0.292 
0.069 

0.000 
0.000 
0.003 
0.043 
0.044 
0.535 
0.000 
0.264 
0.111 

samples from the three crops, however their occurrence was so sporadic that it 
is unlikely that they were regular inhabitants of the crops. Adults of more 
species occurred in the crops than immatures; immatures of only four species 
iH. convergens, H. tredecimpunctata tibialis, H. parenthesis, and C. maculata 
lengi) were collected (Table 1). 

Although adults of seven species were collected from the three crops, other 
species were caught on sticky traps stationed adjacent to fields (Table 2). 
Adalia bipunctata was frequently caught on sticky traps adjacent to small 
grain and alfalfa fields throughout the spring and summer, but was not cap· 
tured in alfalfa and small grain fields during that time. 

With the exception of A. bipunctata, the adults of the same species inhab
ited each crop; however, their species relative abundances varied among crops 
(Table 1). For example, H. parenthesis was the third most abundant species in 
alfalfa, but was nearly absent from maize. Coleomegilla maculata comprised a 
greater percentage of the coccinellid fauna in maize, but was of less impor
tance in small grains and alfalfa. Hippodamia convergens and H. tredecim
punctata were the two most abundant species overall, and were among the 
dominant species in each crop. 
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Table 3.-Mean (SE) Berg-Parker diversity indices (D) for adult and immature coccinellids in 
three crops. Diversity indices were calculated from species average annual relative abun
dances in each crop from 1973-1985. 

Crop 
Life Stage 

Immature 

alfalfa 

0.76 (0.04)

small grains 
----...,.-::.,,-.

0.75 (0:03)

maize 

0.75 (0.03). 
Adult 0.57 (0.02). 0.58 (0.02)b 0.63 (0.02)a 
Means within a row followed by the same letter are not significantly different (P>0.05) based 
on the least significant difference test. 

Patterns in relative abundances of inunatures generally paralleled those of 
adults, however, some differences were evident (Table 1). For example, C. 
maculata lengi formed a higher proportion of the total immature coccinellid 
fauna of maize and small grains than that represented by adults. The results 
suggest that oviposition requirements may differ among species. 

Species Diversity. Preliminary three-stage nested analyses of variance of 
species diversity indices (D) calculated from individual samples yielded no 
evidence of differences in species diversity among sites for either immatures 
(F=0.86; df=24,185; 0.50<P<0.75) or adults (F=0.91; df=24,668; 0.50<P< 
0.25). Furthermore, Pearson correlation coefficients calculated for all possible 
pairs of sites (three pairs) indicated that species diversity at a site within a 
year was uncorrelated with diversity at other sites. Therefore, we felt that it 
was appropriate to use sites as replicates in analyses of variance of diversity 
statistics calculated from average annual abundances. 

For inunatures, analysis of variance yielded no evidence of differences in 
species diversity among crops (F=0.04; df=2,60; P=0.96). However, D dif
fered significantly among years (F=2.22; df=12, 60; P=0.02). For adults, 
analysis of variance indicated that species diversity differed among crops 
(F=3.46; df=2, 71; P=0.03) and years (F=6.51; df=12, 71; P<O.OI). There 
was no evidence for year by crop interaction in species diversity for immatures 
(F=1.27; df=22,60; P=0.23) or adults (F=1.64; df=22,71; P=0.08). The 
absence of interaction suggests that factors causing annual variation in spe
cies diversity were nearly independent of those affecting variation in species 
diversity among crops. 

Species diversity of adults was lower in corn than in alfalfa or small grains 
(Table 3). Examination of Table 1 provides insight into factors accounting for 
the lower species diversity in corn compared to alfalfa and small grains. Three 
species account for nearly all coccinellids in maize; and, as indicated by ranges 
in relative abundances, two species, H. convergens and C. maculata lengi, can 
at times dominate. In alfalfa and small grains, other species consistently 
comprise a greater proportion to the total coccinellids. Thus, both species 
number and equitability are often greater in these crops than in maize. 

Because crop and year were statistically independent in their effects on 
species diversity we pooled data across crops to further analyze annual varia
tion in species diversity. Species diversity in the pooled data varied among 
years (Fig. 1); adult species diversity varied from 0.42 in 1984 to 0.75 in 1981. 
Species diversity of immature coccinellids was similarly variable among 
years. Examination of the pooled data suggests that diversity in a particular 
year was unrelated to diversity in the previous year (Fig. 1). This was con
firmed by calculating autocorrelation coefficients for time lags of one year; 
autocorrelation coefficients for both adults and inunatures did not differ sig
nificantly from zero. Diversity of adults appeared to be related to diversity of 
immatures within years (Fig. 1). The relationship was confirmed by calculat
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Figure 1. Species diversity (DI of adult (circlesl and immature (squares) coccinellids in 
three crops in eastern South Dakota from 1973 through 1985. 

ing the cross correlation coefficient for a time lag of zero years from time 
series of diversity indices for adults and immatures. The coefficient differed 
significantly from zero (r=0.82; P=O.02). Similarity in diversity of adults and 
immatures within years would be expected if factors stimulating oviposition 
were similar for coccinellid species inhabiting the crops or if immatures that 
developed to maturity in the fields remained there for relatively long periods 
of time after adult eclosion. 

Similarity in Species Abundances in Crops. Data for A. bipunctata were 
excluded from calculations of rank coefficients because it occurred only in 
maize. Thus, each correlation coefficient for comparing adult coccinellids in 
any two crops was calculated from 78 pairs of data-points consisting of the 
ranks of the relative abundances of six species in each of 13 years in the two 
crops. Similarly, each coefficient for comparing similarity of immatures con
sisted of 52 paired ranks because three species were excluded. 

Rank correlations for immatures are listed in Table 4. Species relative abun
dances in maize and alfalfa appear to be least similar, while those in small 
grains and alfalfa were most similar. Similarity coefficients for adults reveal a 
pattern consistent with that for immatures. although coefficients for adults 
were generally greater (Table 4). Variation in similarity among crops appears 
to be related to variation in the relative abundances of less common species. In 
particular, C. maculata lengi and H. parenthesis more often had similar ranks 
ill relative abundance in alfalfa and small grains than they did in maize. 
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Table 4. - Kendall's tau rank correlation coefficients calculated from relative abundances of 
adult (upper triangle) and immature (lower triangle) coccinellids sampled from three crops. 
Rank correlations were calculated from average annual relative abundances in each crop from 
1973-1985. 

Alfalfa Small grains Maize 

0.39 
Small grains 0.45 0.51 
Maize 0.29 0.36 

DISCUSSION 

Only six coccinellid species were associated with the three major agricul
tural crops grown in of the eastern South Dakota; even fewer species repro
duced in the crops. The aphidophagous coccinellid fauna in agricultural crops 
typically exhibits low species diversity (Honek and Rejmanek 1982). Intercep
tion trap data indicated that there were several species active near fields of 
agricultural crops that did not colonize them, apparently because the crops do 
not provide appropriate habitat for colonization. For ex even thoughA. 
bipunctata is a relatively common coccinellid in easte th Dakota, it is 
primarily arboreal (Hodek 1966) and does not colonize most crops. 

The two most abundant species in alfalfa, maize, and small grains, H. con
vergens and H. tredecimpunctata tibialis comprised a high proportion of the 
coccinellid fauna in all crops; these species and C. maculata lengi feed and 
reproduce in virtually the entire spectrum of plant communities comprising 
the landscape, from old-fields and crops, to areas dominated by trees and 
shrubs (Warren and Tadic 1967, Gagne and Martin 1968, Weber and Holman 
1976). Several of the less abundant species appear to be more closely associ
ated with non-crop habitats. Coccinella transversoguttata richardsoni is pri
marily an old-field species, especially those in which woody vegetation is 
establishing, whereas C. munda often inhabits and reproduces in mature and 
senescing trees (Gagne and Martin 1968); H. parenthesis is usually associated 
with grasses and sedges (Palmer 1914). 

Some of the coccinellids observed in association with alfalfa, maize, and 
small grains in this study have been observed in these crops by authors study
ing coccinellid faunas in other regions of North America (Foott 1971, Smith 
1971, Havnvik and Frye 1969, Neuenschwander et al. 1975, Schiefelbein and 
Chain 1966, Wheeler 1977). Coccinellid species diversity in these studies was 
ro similar to that we observed, however faunal compositions differed 
an may to be related to the geographic region in which the study was 
conducted. 

The generally greater species diversity in alfalfa compared to small grains 
and maize may be partially attributable to the extended gro' ason for 
this crop, during which it is inhabitable by aphids and aphid us cocci
nellids, or perhaps to the extended crop cycle of alfalfa compared to small 
grains and maize (typically at least three years) which may permit develop
ment of more complex plant and animal communities. Perhaps because of the 
high mobility of adult coccinellids and likely species differences in require
ments or preferences for oviposition, immatures portray a different picture of 
diversity relationships. Immatures of species were equally diverse in all crops, 
though species relative abundances varied markedly among crops. 

Levels of annual variation in species diversity observed in this study may 
have resulted from a variety of sources. Variation in cultural practices within 
sampled fields among years can influence species abundance. Abundances of 
aphidophagous insects in crops are influenced by both weed density and spe
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cies composition (Smith 1976, Horn 1981, Powell et al. 1986). Radwan and 
Lovei (1983) employing methods of analysis similar to ours demonstrated that 
coccinellid species diversity varied among fields in which maize was grown 
continuously and those in which it was rotated with other crops. Annual 
fluctuations in aphid populations in crops could also influence species diver
sity. Coccinellid species exhibit differential responses to variation in aphid 
density; some species prefer high and others low aphid densities (Honek 1983, 
1985). Environmental factors that influence overwintering survival and the 
timing of migrational flights from overwintering sites could influence species 
diversity. Honek (1982) found that regional populations of Coccinella septem
punctata L. varied by two orders of magnitude over a four year period. Varia
tion in plant phenology among fields in relation to seasonal patterns of disper
sal by coccinellids could also influence species relationships. 
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THE ASSASSIN BUGS OF MICHIGAN 
(HETEROPTERA:REDUVIIDAE) 

J. E. McPherson1 

ABSTRACT 

Assassin bugs collected in Michigan and housed in the University of Michi
gan Museum of Zoology and the Michigan State University Entomology 
Museum were used to compile a list of the state's species and subspecies. A 
total of 27 was found; an additional species, Empicoris parshleyi, was repre
sented by a single specimen housed in the American Museum of Natural 
History. Eighteen of the 28 taxa represented new records for the state. 

The Reduviidae, or assassin bugs, of America north of Mexico have received 
little attention from heteropterists in recent years, which seems surprising 
because of their predaceous habits and, therefore, possible use in biological 
control. Work in the latter part of the nineteenth century and early years of 
the twentieth century consisted almost entirely of annotated lists and, occa
sionally, keys (e. g., Parshley 1914, 1917, 1922; Torre-Bueno 1923). Much of 
this work was summarized by Blatchley (1926) and Readio (1927) whose mono
graphs also included original observations on biology. Subsequent to their 
works, information on these insects has consisted primarily of a few life his
tory studies of individual species (e.g., Brown and Lollis 1963, DeCoursey 
1963, Swadener and Yonke 1973a, b, c, 1975), a limited number ofrevisionary 
studies that have included North American species (e.g., Barber, 1929-1930; 
Coscaron 1983; Elkins 1954; Giacchi 1969,1984; Hart 1986; Lent and Wygod
zinsky 1979; Willemse 1985; Wygodzinsky 1966; Wygodzinsky and Usinger 
1964), some state lists (e.g., Brimley 1938, North Carolina; Froeschner 1944, 
Missouri; Elkins 1951, Texas; Drew and Schaefer 1963, Oklahoma) and a few 
lists for even smaller geographical areas (e.g., McPherson and Weber 1981, 
1990; Werner and Butler 1957; Whitcomb and Bell 1964). Slater and 
Baranowski (1978) included ran~ distributions of several species in their 
generalized account of the family, but their work was not meant to be 
comprehensive. 

Froeschner (1988) summarized the known distributions of all reduviids 
occurring in America north of Mexico but because so few faunal lists had been 
published, his information was far from complete. Particularly lacking were 
records from the northcentral region. Therefore, records from this part of the 
country are needed for a better understanding of the ranges of these insects. 

During May-June, 1990 and 1991, I had the opportunity to visit the collec
tions of the University of Michigan Museum of Zoology, Ann Arbor, and the 
Michigan State University Entomolo~ Museum, East Lansing. Both collec
tions had several species and subspecIes represented by Michigan specimens. 

lDepartment of Zoology, Southern Illinois University, Carbondale, IL 62901. 
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Figures 1-6. State distributions of six Michigan reduviid species and subspecies. 1, 
Apiomerus crassipes crassipes; 2, Barce fratema; 3, Barce uhleri; 4, Emesaya brevi pen
nis brevipennis; 5, Empicoris culiciformis; 6, Empicoris errabundus. 

Figures 7-12. State distributions of six Michigan reduviid species. 7, Empicoris ortho
neuron; 8, Empicoris parshleyi; 9, Empicoris pilosus; 10, Empicoris winnemana; 11, 
Acholla multispinosa; 12, Fitchia aptera. 
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Figures 13-18. State distributions of six Michigan reduviid species and subspecies. 13, 
Fitchia spinosula; 14, Pselliopus cinctus; 15, Rhynocoris ventralis ventralis; 16, Sinea 
diadema; 17, Sinea spinipes; 18, Zelus te tracan thus. 

Figures 19-24. State distributions of six Michigan reduviid species and subspecies. 19, 
Zelus luridus; 20, Melanolestes picipes; 21, Sirthenia stria carinata; 22, Reduvius per
sonatus; 23, Oncerotrachelus acuminatus; 24, Narvesus carolinensis. 
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Figures 25-28. State distributions of four Michigan reduviid species. 25, Pnirontis 
modesta; 26, Pygolampis pectoralis; 27, Pygolampis sericea; 28, Stenopoda spinulosa. 

A list of these taxa is presented here. This list should be viewed only as 
preliminary because, based on these collections, the Upper Peninsula has been 
poorly collected. 

RESULTS AND DISCUSSION 

A total of 27 Michigan species and subspecies was represented in the collec
tions; an additional species, Empicoris parshleyi (Bergroth), was not repre
sented but a Michigan specimen was found in material housed in the Ameri
can Museum of Natural History, New York. Only 10 of these were listed from 
Michigan by Froeschner (1988) (Table 1). Of the 18 records, only four (Le., 
Empicoris culiciformis [De Geer]; E. winnemana McAtee and Malloch, see 
McPherson 1991a; E. orthoneuron McAtee and Malloch, see McPherson 
1991b; and Fitchia spinosula St~) represented records new to the Great Lakes 
region; the remaining 14 had previously been found in adjacent states by 
earlier collectors (Froeschner 1988). A list of these taxa, and reference to the 
state distribution map for each species, are given in Table 1. Also included are 
the numbers of adult specimens examined, the range of their collection dates, 
and whether any specimens were collected at light (light records include speci
mens collected from Michigan and elsewhere). 

Seven of the 10 North American subfamilies were represented in Michigan, 
the exceptions being Ectrichodiinae, Microtominae, and Triatominae. These 
three subfamilies are represented in Illinois by, respectively, Rhiginia cruciata 
(Say), (Froeschner 1988; unpublished data), Microtomus purcis (Drury) 
(unpublished data), and Triatoma sanguisuga (Leconte) (Froeschner 1988; 
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Table I.-List of the Reduviidae of Michigan. 

OLOGIST 29 

No. Dates of 
Taxon and Dist. Map Fig. No. Examined Adult Collection 

SUBFAMILY APIOMERINAE 
Apiomerus crassipes crassipes (Fabricius) (Fig. 1)* 7 23 June-16 July 

SUBFAMILY EMESINAE 
Tribe Metapterini 

Barce fratema Saya (Fig. 2)* 13 30 June-28 Oct. 
Barce uhleri Banks (Fig. 3)* 15 12 April-8 Nov. 
Emesaya brevipennis brevipennis (Say) (Fig. 4)* 37 7 Aug.-20 Oct. 

Tribe Ploariolini 
Empicoris culiciformis (De G~er) (Fig. 5)* 1 7 Aug. 
Empicoris errabundus (Say)/l, (Fig. 6) 3 22 June-15 July 
Empicoris orthoneuron McAtel, and Malloch (Fig. 7)* 2 28 June-2 July 
Empicoris parshleyi (Bergroth) ,e (Fig. 8) 1 10 July 
Empicoris pilosus (Fieberlb (Fig. 9) 1 20 July 
Empicoris winnemana McAtee and Malloch (Fig. 10)* 3 18 March-15 Oct. 

SUBFAMILY HARPACTORINAE 
Acholla multispinosa (De Geer)b (Fig. 11) 25 4 July·I6 Sept. 
Atrachelus cinereus cinereus (Fabricius)d 
Fitchia aptera Stat (Fig. 12)* 8 7 Jan.·7 July 
Fitchia spinosula Stata (Fig. 13)* 9 28 April·IO Oct. 
PseUiopus cinctus (Fabricius)b (Fig. 14) 6 30 April·8 Sept. 
Pselliopus latifasciatus Barberd 
Rhynocoris ventralis ventralis (Say) (Fig. 15)* 11 28 May-19 Aug. 
Sinea diadema (Fabricius)b (Fig. 16) 429 26 May-16 Oct. 
Sinea spinipes (Herrich-Schaeffer) (Fig. 17)* n 8 Aug.-20 Sept. 
Zelus (Pindus) tetracanthus Statb (Fig. 18) 28 2 June-I9 Aug. 
Zelus (Zelus) lutidus Statb (Fig. 19) 121 20 May-20 Aug. 

SUBFAMILY PEIRATINAE 
Melanolestes picipes (Herrich-Schae£fer)Il,e (Fig. 20)* 5 10 May-21 Oct. 
Sirthenia stria cannata (Fabriciusja. (Fig. 21) 38 27 June-I2 Sept. 

SUBFAMILY REDUVIINAE 
Reduvius personatus (L.)Il·b (Fig. 22) 178 11 May·20 Sept. 

SUBFAMILY SAICINAE 
Oncerotrachelus acuminatus (Say)a (Fig. 23)* 4 May 

SUBFAMILY STENOPODAINAE 
Narvesus carolinensis Stata (Fig. 24)* 1 25 July 
Pnirontis modesta Banksa (Fig. 25)* 1 25 July 
Pygolampis pectoralis (Say)a (Fig. 26)* 8 2 May-13 Sept. 
Pygolampis sericea Statn (Fig. 27)* 1 22 May 
Stenopoda spinulosa Giacchin (Fig. 28)* 5 28 June'(?) Aug. 

*Michigan state record. 
aSome specimens examined, not necessarily from Michigan, collected at light. 
bListed from Michigan by Frooschner (1988). 
cHoused in American Museum of Natural History. 
dListed from Michigan by Froeschner 1988 catalog but no specimens from state found during 
present study. 

eIncludes M. abdominalis (Herrich·Schaeffer), which is only a color variant; see McPherson et 
al. (1991). 

unpublished data). Of these, my records indicate that only T. sanguisuga 
occurs north of the southern third of Illinois (one record from Du Page Co.) 
and, thus, is mostly likely to eventually be found in Michigan. 

Of the seven Michigan subfamilies, the Emesinae and Harpactorinae were 
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particularly well represented with each containing 32.1% of the species 
present (Table 1). 
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OBSERVATIONS ON THE NESTING OF CRABRO 

TENUIS (HYMENOPTERA: SPHECIDAE) 


Frank E. Kurczewskil and Richard C. Miller2 

ABSTRACT 

Three nests of Crabro tenuis were studied during June 1971-1972 in Oswego 
County, New York. Females constructed shallow but lengthy, multicelled 
nests in sand with the cells being built in clusters, sometimes in series. 
Females plugged the entrances with damp sand and occupied the burrows 
during midday. Paralyzed prey were stored head inward at the end of the 
burrow. The deeper cells in a cluster were excavated and provisioned first and 
the shallower cells built and stored later, as determined by the developmental 
stages of the wasps within the cells. From four to seven paralyzed, adult male 
flies were placed in a fully provisioned cell with their venters toward the 
center. Such a cell usually held only one species of fly. Provisions consisted of 
the suborders Brachycera and Cyclorrhapha and comprised the families Rha
gionidae, Anthomyiidae and Tachinidae. An egg was affixed about equally to 
the left or right side of the neck of a fly and this prey was placed against or 
near the wall of the cell. The nesting traits of C. tenuis were compared with 
those of other members of the Cribrarius group, C. advena of the Advena 
group, C. venator of the Tumidus group and species in the Hilaris group. 

The nesting behaviors of the Nearctic species of Crabro have been studied 
somewhat intensively during the past three decades (Evans 1960, 1964; 
Pechuman 1963, Kurczewski and Acciavatti 1968, Kurczewski et al. 1969, 
Miller and Kurczewski 1976, Barrows et al. 1978, Matthews et al. 1979, Evans 
et al. 1980, O'Brien and Kurczewski 1980, Alcock 1982, W cislo 1984, W cislo et 
al. 1985). These studies have disclosed species-specific differences in nesting 
habitat, communal activities, prey selection and, sometimes, number and size 
of prey. Species that inhabit firm soil tend to demonstrate a basic nest struc
ture that differs from that of species that inhabit loose sand, specifically in 
tumulus shape, burrow slope and design and depth of cells. In the vast major
ity of species, the more recently built cells in a cell cluster within a nest are 
constructed nearer the ground surface and the older cells in the cluster are 
deeper. All species of Crabro provision with adult, often male flies (Krombein 
1979). 

Our study on C. tenuis Fox was undertaken in order to compare components 
of its nesting behavior, which were heretofore unknown, with those from pub
lished studies on other Nearctic species in the genus. Crabro tenuis is a mem
ber of the Cribrarius group (Bohart 1976) and should illustrate common nest
ing traits with other specIes in the group such as C. argusinus R. Bohart, C. 

lEnvironmental and Forest Biology, State University of New York College of Envi
ron~ental Science and Forestry, Syracuse, New York 13210. 

Address unknown. 
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1 
Figure 1. Nests of Crabro tenuis, as viewed from the side. Cell contents are as follows: 
e, egg; r, larva; m, maggots. Females in burrows are indicated by 0, prey storage areas by 
s. Sand plugs near entrances are stippled. Structures are drawn to scale. 

cribrellifer (Packard), C. largior Fox, C. Zatipes Smith and C. monticola (Pack
ard). Crabro tenuis occurs transcontinentally in North America, ranging from 
Washington and Utah to Alberta, Quebec and Georgia (Bohart 1976). 

We excavated three nests of C. tenuis on 10 June 1971 and on 13 and 14 
June 1972 at Selkirk Shores State Park, Oswego County, New York. They 
were located in flat, bare or lightly vegetated, moist sand at the interface of a 
man-made sand pit and a sandy field. Predominant vegetation surrounding 
the nesting site included various grasses, Rubus spp. and Rhus typhina. Spe
cies of Pompilidae and Sphecidae nesting in close proximity to C. tenuis 
included Episyron quinquenotatus (Say), Tachysphex terminatus (Smith), Cra
bro advena Smith, C. monticola (Packard), Oxybelus bipunctatus Olivier, O. 
emarginatus Say and Philanthus politus Say. Two of the nests (10 June 1971, 
13 June 1972) were in an early stage of development, when excavated, and 
each contained only a single cell (Fig. 1). The third nest (14 June 1972) held 10 
fully provisioned cells (Fig. 1). All three nests were plugged with damp sand at 
the entrance, had wasps within the burrows positioned head outward and had 
paralyzed flies stored at the end of the tunnel. Recently constructed tumuli 
surrounding the entrances to these nests were 4.5,5.0 and 7.0 em wide and 1.5, 
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1.8 and 2.0 cm high, respectively. The burrows entered the sand at an angle 
nearly perpendicular to the horizon, were 4.5-5.0 mm in diameter, plunged 
downward nearly vertically for 8-10 (x=9.0) cm and then coursed laterally for 
15-28 (x=23.0) cm before ending blindly 5.5, 6.0 and 9.0 cm, respectively, 
beneath the surface. 

In the two recently built nests, fully provisioned cells were unearthed 2.5 
and 4.0 cm, respectively, from the burrow terminus. In the oldest nest, the 10 
cells were constructed in two distinct clusters with some of the cells in series. 
One of the shallowest cells in this nest, 8.0 cm deep, was the most recently 
stocked and contained an egg, 2.5 mm long, affixed to one of the prey. Two 
other shallow, recently stocked cells, 8.0 and 9.0 cm deep, each contained a 
newly hatched larva, 3.5 mm long, feeding on one of the prey. Six cells, 
8.5-10.0 cm (x=9.4) cm deep, held older larvae, 4.5-11.0 mm long, with the 
two deepest cells, 10.0 cm deep, containing the largest and, presumably, oldest 
larvae. Another cell in this nest, 8.0 cm deep, contained three maggots that 
were reared to Senotainia trilineata (Van der Wulp) (Sarcophagidae). The cells 
in this nest were 7-8 (x=7.5; N=lO) mm high and 12-15 (x=13.6; N=lO) mm 
long. One cell in one of the recently built nests was 7 cm deep, 6 mm high and 
12 mm long. Many of the cells were sloped upward at a 15 0 -200 angle with the 
horizon, the front being higher than the baCk end. 

Crabro tenuis females stored their burrows and provisioned their cells with 
adult, male flies belonging to the suborders Brachycera and Cyclorrhapha. A 
representative sampling of these flies included 17 Symphoromyia sp. (Rha
gionidae), 3 Hydrophoria conica (Wiedemann) (Anthomyiidae), and 16 Eula
siona comstocki Townsend and 14 Cryptomeigenia sp. (Tachinidae). Nine of 
the cells each contained only a single species of fly and two each contained 
both Hydrophoria conica and Cryptomeigenia sp. 

The three nesting wasps weighed (wet) 19, 21 and 23 mg. One fully provi
sioned cell in a newly constructed nest contained seven paralyzed flies that 
weighed (wet) a total of 68 (individual wgts., 3-19) mg. The 10 fully provi
sioned cells in the oldest nest held four to six (x=4.9) paralyzed flies per cell. 
The aggregate prey weights of the five most recently provisioned cells in this 
nest ranged from 46 to 59 (x=49.8) mg, with individual flies weighing 5-21 
(x=1O.7; N=29) mg. In this nest individual flies to which were affixed the 
wasp's eggs weighed 5-10 (x=9.0; N=5) mg and were the heaviest (10 mg), 
second heaviest (10 mg), second lightest (10 mg) or lightest (10, 5 mg) prey in 
the cells. The egg-bearing fly in one of the recently built nests was the second 
heaviest prey in the cell and weighed 11 mg. 

Eggs or recently hatched larvae of C. tenuis were affixed to the left (3) or 
right (2) sides of the ventral side of the neck of the fly in the typical Crabro 
position (Fig. 2). The wing to the opposite side of the egg affixation point was 
extended laterally to accommodate this affixation site in some individuals. 
The flies were placed in a cell with their heads toward the back end and 
venters toward the center, as indicated in Fig. 2. The egg-bearing fly was often 
placed against or near the wall of the cell, usually near the top. 

DISCUSSION 

Evans (1960) provided the initial notes on comparative nesting behavior of 
the Nearctic species of Crabro. He reported species-specific differences in prey 
type, habitat (including soil type), nest depth (as related to soil type and size of 
wasp) and manner of provisioning flight for C. advenus Smith (=C. advena), 
C. argus (Packard) (=C. argusinus) and C. monticola. He noted similarities in 
prey transport, nest entry, burrow storage and oviposition site for the three 
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Figure 2. Cell of Crabro tenuis, as seen in top view. Paralyzed flies are placed head 
inward with their venters toward the center of the cell. Note wasp's egg affixed to neck 
of one of the flies. 

species. Kurczewski and Acciavatti (1968), in reviewing the nesting behaviors 
of the Nearctic species of Crabro, reinforced Evans' species-specific behavioral 
differences and similarities for members of this genus. In addition they indi
cated that number of prey per cell and size of prey (often related to wasp size) 
were discriminating behaviors at the species level, but they assumed incor
rectly that nesting in banks versus flat soil could be used to differentiate 
between species. These authors overemphasized species-specific differences 
between C. advenus (=C. advena) and C.latipes in attempting to derive subge
neric correlatives. Miller and Kurczewski (1976), Matthews et al. (1979) and 
O'Brien and Kurczewski (1980) presented information to enhance the notion of 
much intraspecific variation in some species of the genus, which serves only to 
make more difficult the formulation of clear-cut species-specific behavioral 
differences. Miller and Kurczewski (1976) summarized data from over 30 large 
nests of two presumed sibling species, C. rufibasis (Banks) and C. arcadiensis 
Miller, that included an analysis of a considerable amount of quantitative 
information and the generic and specific identification of approximately 1,150 
prey flies. They concluded the similarity in some aspects of the nesting behav
ior necessitated species separation based upon statistical averages. Matthews 
et al.'s (1979) study highlighted differences in nesting behavior between two 
geographically separated, but synchronic populations of C. argusinus and 
associated these differences with biotic and abiotic variation. O'Brien and 
Kurczewski's (1980) observations on C. advena expanded the range of behav
ior for this species for cell depth, number of prey per cell and size and kind of 
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prey. They reviewed and systematized generic and specific identifications for 
11 families of C. advena prey. 

Evans et al. (1980) provided detailed information, including hundreds of 
prey records, for seven species of Crabro. Their study concluded that differ
ences in nesting behavior "remain to be demonstrated" to substantiate species'
placement in Bohart's (1976) species group assemblages. They noted that 
there is a large amount of intraspecific variation but less adaptive radiation in 
nesting behavior within this genus than commonly occurs among sphecid 
wasps. These authors believed that nest structure and prey selection were two 
of the more plastic traits within the genus. Our study of the nesting behavior 
of C. tenuis does not contradict their beliefs. 

As indicated in the introductory remarks, C. tenuis and several other com
mon Nearctic species are members of Bohart's (1976) Cribrarius group. Based 
on an evaluation of the known nesting behaviors of some of these sI>ecies, e.g., 
C. latipes, and, now, C. tenuis, no set pattern of components can be used to 
distinguish between them, C. advena in the Advena group and C. venator 
(Rohwer) in the Tumidus group. In fact, the nesting behaviors of C. latipes and 
C. tenuis resemble more those of C. advena and C. venator than they do those 
of other members of the Cribrarius group such as C. argusinus, C. cribrellifer, 
C. largior and C. monticola! All four species nest in sandy soils, build rela
tively shallow multicellular nests, the cells occurring in dense or diffuse clus
ters, and prey upon many families of flies (Evans 1960, 1964, Kurczewski and 
Acciavatti 1968, Kurczewski et al. 1969, Evans et al. 1980, O'Brien and Kurc
zewski 1980). C. advena selects more stockily-bodied flies, primarily Antho
myiidae, Muscidae and Calliphoridae, for use as prey (Evans et al. 1980, 
O'Brien and Kurczewski 1980) while C. latipes preys upon a wide variety of 
flies, including members of the suborders Brachycera, Cyclorrhapha and even 
N ematocera (Kurczewski et al. 1969, Evans et al. 1980). Evans (1964) reported 
that fully-provisioned cells of C. venator contained from 30 to 36 apparently 
small flies belonging to the families Empididae, Anthomyiidae, Muscidae and 
Sarcophagidae. Our brief study of C. tenuis revealed species of both Brachyc
era and Cyclorrhapha as prey. Interestingly, there was more variation 
between populations of C. advena nesting during different times of the year
and at different localities than between populations of C. advena and C. 
latipes nesting synchronously at the same locality (Kurczewski et al. 1969). 

In contrast to C.latipes and C. tenuis, other species in the Cribrarius group 
are easy to categorize behaviorally. C. argusinus inhabits areas of loose sand, 
often constructs sloping burrows in dunes and banks, preys upon small flies 
frequently belonging to the families Drosophilidae and Ephydridae and has a 
characteristic quavering, side-to-side flight (Evans 1960, Evans et aI. 1980). C. 
cribrellifer nests in shaded, compacted soil in and at the edges of woodlands, 
constructs shallow but lengthy nests with cells often built in series and preys 
exclusively upon Asilidae (Barrows et al. 1978, Evans et al. 1980). C. largior 
and C. monticola construct lengthy, but not overly deep nests in sandy soil 
and provision predominantly with Tabanidae (C. largior, C. monticola) or 
Therevidae (C. monticola). Both C. largior and C. monticola hunt for prey in 
early morning and late afternoon (Evans et al. 1980). C. cribrellifer and C. 
monticola females usurp nests, occupy the same nests sequentially and nest 
communally (Alcock 1982, Wcislo et al. 1985). 

Whereas behavioral distinctions between certain species in the Advena, 
Cribrarius and Tumidus groups cannot be drawn clearly, members of the 
Hilaris group can be readily delineated behaviorally from species in these 
three groups. Two species in the Hilaris group, C. rufibasis and C. arcadiensis, 
construct deep cells from a relatively straight. vertical burrow and prey pre
dominantly upon small Brachycera (Miller and Kurczewski 1976). C. hilaris, 
another member of this group, captures small Brachycera and Cyclorrhapha 
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equally and places the paralyzed flies in deep cells surrounding a vertical 
burrow (Matthews et al. 1979). 

Viewed collectively, species of Crabro share several common nesting behav
ior components such as prey transport, nest entry, burrow storage and ovipo
sition site and prey only upon adult Diptera. Differences in nest design and 
dimensions within and between species groups seem to be related to soil type 
(friability) and size and shape of wasp. The rigid prey selection exhibited by 
some of the species, such as C. cribrellifer (Asilidae) and C. monticola (mostly 
Tabanidae and Therevidae), as opposed to broad prey selection, as exemplified 
by C. aduena and C. latipes, is difficult to interpret ecologically and evolution
arily but does not seem to be related to habitat at least in C. monticola and the 
last two species as they often nest together with C. tenuis at the same locality. 
Hunting for potential prey early in the morning and late in the afternoon In 
some Crabro species may be related to fly availability and their use of polar
ized light for feeding or reproductive activities at these times of day. The fact 
that recent publications (Alcock 1982, Wcislo 1984, Wcislo et al. 1985) have 
implicated certain species of Crabro in nest usurpation and reutilization and 
communal nesting makes this genus attractive for detailed studies of individ
ual wasps and their intraspecific interactions. Further observations on the 
nesting behaviors and prey selection of other species of Crabro are needed to 
support or contradict Bohart's (1976) species group assemblages. 
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THE ODONATA OF ISLE ROYALE, MICHIGAN 

Josh Van Buskirkl,2 

ABSTRACT 

This paper presents a list of the Odonata recorded from Isle Royale National 
Park, located in northwestern Lake Superior. Collections from Isle Royale 
include 38 species of Anisoptera and 12 species of Zygoptera. The list is 
typical of the boreal regions of North America, and includes nine new records 
for Isle Royale and one new record for the state of Michigan. 

Isle Royale National Park is a wilderness island in northwestern Lake Supe
rior. The flora and large fauna of Isle Royale have been well studied, beginning 
with a 1905 ecological survey of the island sponsored by the Michigan State 
Biological Survey (Adams 1909). Checklists of the vascular plants and verte
brates of Isle Royale have recently appeared (Johns son and Shelton 1982, 
Slavick and Janke 1987), but there have been no published lists of the inverte
brate fauna. Here I present a list of the Odonata known to occur at Isle 
Royale. 

Isle Royale (48°10'N, 88°30'W, elevational range 183-425 m, Keweenaw 
County, Michigan. USA) is located in Lake Superior, 24 kro south of the 
nearest Canadian mainland and 70 km north of the Michigan Upper Penin
sula. The island (72 km long by 14 km wide, 540 kroZ) is almost entirely 
forested with boreal vegetation. Forests in the cool, moist regions near the 
Lake Superior shore are composed of primarily white spruce (Picea glauca), 
balsam fir (Abies balsamea), and white birch (Betula papyrifera), while those 
at higher elevations in the interior of the island contain yellow birch (Betula 
alleghaniensis) and sugar maple (Acer saccharum) (Krefting et al. 1970, 
Edwards 1978). 

Isle Royale is formed by tilted bedrock strata covered with a relatively thin 
soil (Wolff and Huber 1973, Huber 1975). Much of the island is underlain by 
interbedded volcanic and sedimentary rocks, tilted toward the southeast due 
to subsidence within the basin that now forms Lake Superior. Stream erosion 
and glacial scouring have removed much of the softer sedimentary rock, 
resulting in a distinctive parallel ridge-and-valley topography. The thin azonal 
soil mantle has been formed during about 10,000 years since the most recent 
glacial retreat, and the flora and fauna have colonized the island from the 
mainland by crossing Lake Superior. 

Surrounded by the world's largest freshwater lake, Isle Royale enjoys more 
moderate temperature fluctuations and higher precipitation than surrounding 
mainland areas (Peterson 1977). Minimum winter temperatures rarely drop 
below -34°C, and maximum summer temperatures rarely climb above 30°C, 

IDepartment of Zoology, Duke University, Durham, NC 27706. 
2Present address: Department of Zoology, North Carolina State University, 

Raleigh, NC 27695-7617. 
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although such extremes are common in northern Minnesota. Precipitation on 
Isle Royale averages 70-80 em per year, about 25% higher than northcentral 
Minnesota. 

Aquatic habitats on Isle Royale are abundant. The island's ridge-and-valley 
topography creates numerous parallel streams, interrupted at regular inter
vals by beaver ponds and el lakes with weedy shores. Many of the 
smaller lakes and ponds have p num spp. bog mats extending up to 30 m 
out from the shore. Vernal temporary ponds are found in wooded depressions 
at higher elevations. On bedrock shores of exposed headlands and islands 
along Lake Superior are found small, clear rock pools. 

SOURCES AND COVERAGE 

Isle Royale odonate records were gathered from several published sources, 
museum collections, and my own observations and collections. The first pub
lished observations of Odonata on Isle Royale were made from 5 July to 17 
August, 1905, by H.A. Gleason, participating in an expedition sponsored by 
the Michigan State Biological Survey. Determinations were made by E.B. 
Williamson and reported in Adams (1909). 

Private collecting trips to Isle Royale have been made by Dr. R.R. Dreis
bach (August 1936, published in Kormondy 1958), G. Steyskal (July 1938, 
unpublished), P.J. Martinat (September 1970, unpublished), and R.C. Glotzho
ber (August 1984, Glotzhober 1985). I have examined collections of the Uni
versity of Michigan (hereafter UMMZ) for records of odonates taken on Isle 
Royale. My own observations extend from 1983 to 1991, and are focused on 
the northeastern end of the island. During most years I arrived at Isle Royale 
between 10 May and 5 June, and remained until early August. During four 
summers (1988-1991) I made repeated samples of larval odonates using a dip 
net in 22 ponds, bogs, and streams in northeastern Isle Royale. 

RESULTS AND DISCUSSION 

The following list of the Odonata recorded for Isle Royale includes the 
earliest and latest adult records where possible, whether the material is adult 
or larval if known, and for uncommon species the locality of capture. Speci
mens representing new records that were collected by me have been verified 
by Dr. Sidney W. Dunkle, and are deposited in the UMMZ. 

There are records for 12 Zygoptera and 38 Anisoptera from Isle Royale. The 
list includes eight new species for the island: Aeshna clepsydra, Aeshna jun
cea, Leucorrhinia glacialis, Libellula pulchella, Pantala flavescens, Sympe
trum costiferum, Sympetrum danae, and Sympetrum semicinctum. One spe
cies (Aeshna juncea) represents a new record for Michigan. Aeshna juncea is 
an abundant dragonfly in the High Arctic; at Isle Royale the larvae are com
mon in small splash pools along exposed shores of Lake Superior (Van Buskirk 
1990). Isle Royale is one of the southernmost localities of Aeshna juncea in 
North America (Needham and Westfall 1954, Walker 1958). 

In the following list, the collectors and sources of records are abbreviated as 
follows: 

A Expedition of the State Biological Survey of Michigan, 5 July to 17 
August 1905. Specimens collected by H.A. Gleason, determined by E.B. 
Williamson, and deposited at UMMZ (Adams 1909). 

D = Collections of R.R. Dreisbach of Midland, Michigan, 3-7 August 1936, 
deposited at UMMZ. 
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G = Collection of R. C. Glotzhober of Colombus, Ohio, 6-11 August 1984, 
deposited in the Natural History Museum of Isle Royale National Park. 

J Collections of J. Van Buskirk, 1983-1991, deposited at UMMZ. 
M = Collection of Peter J. Martinat, 7-11 September 1970, deposited at 

UMMZ. 
S = Collections of Michigan State University, exact dates and localities 

unknown (Kormondy 1958). 
St = Collection of G. Steyskal, 10-18 July 1938, deposited at UMMZ. 

Suborder Zygoptera 

CALOPTERYGIDAE 
Calopteryx aequabilis Say. (A,s) 

LESTIDAE 
Lestes congener Hagen. (S) 
Lestes disjunctus Selys. (D,G,J,S; adults and larvae) Common and wide

spread. 20 July-7 August. 

Lestes dryas Kirby. (D; adult) 3-7 August 1936. 

Lestes forcipatus Rambur. (D; adult) 3-7 August 1936. 

Lestes unguiculatus Hagen. (D,S; adult) 3-7 August 1936. 


COENAGRIONIDAE 
Coenagrion interrogatum (Selys). (S,St; adult) 12 July 1938. 
Enallagma boreale Selys. (G,S,St; adult) 10 July-6 August. 
Enallagma caruncula tum Morse. (S) 
Enallagma exsulans (Hagen). (A; adult) 20 August 1905. 
Enallagma hageni (Walsh). (D,G,J,S; adults and larvae) Common and wide

spread. 23 July-7 August. 
Nehallenia irene (Hagen). (D,G,J,S; adult) Common and widespread. 23 

July-9 August. 

Suborder Anisoptera 

GOMPHIDAE 
Dromogomphus spinosus Selys. (D,G; adult) 3-7 August. 
Gomphus exilis Selys. (S) 
Gomphus spicatus Hagen. (J,St; adults and larvae) Common and wide

spread. 29 May-23 July. 
Hagenius breuistylus Selys. (G,S; adult) 6 August 1984 at Lake Richie. 
Ophiogomphus colubrinus Selys (A,S; adult) 7 August 1905 at Siskiwit 

Lake. 

AESHNIDAE 
Aeshna canadensis Walker. (D,G,J,S; adults and larvae) Common and wide

spread. 6 July-9 August. 
Aeshna clepsydra Say. (M; adult) 7 September 1970 at Chickenbone Lake. 
Aeshna eremita Scudder. (D,G,J,M,S; adults and larvae) 30 JulY-11 

September. 
Aeshna interrupta Walker. (D,G,J,M,S; adults and larvae) Common and 

widespread. 16 June-11 September. 
Aeshnajuncea (Linnaeus). (J; adults and larvae) 25 June-19 August, small 

pools on the outer islands. New state record. 
Aeshna sitchensis Hagen. (A,M; adult) 21 August-ll September. 
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Aeshna subarctica Walker. (A; adult) 8-16 August 1905. 

Aeshna umbrosa Walker. (D,G,J,M,S; adults and larvae) Cornmon and wide


spread. 25 June-9 September. 

Anax junius (Drury). (A,J; adult) 23 May-19 August. 

Boyeria grafiana Williamson. (S; adult) 


CORDULEGASTRIDAE 
Cordulegaster maculata Selys. (S) 

CORDULIIDAE 
Cordulia shurtleffi Scudder. (A,J,S; adults and larvae) Common and wide

spread. 25 May-30 July. 
Dorocordulia libera (Sely:s). (S) 
Somatochlora franklini (Selys). (D; adult) 3-7 August 1936. 
Somatochlora kennedyi Walker. (S) 
Somatochlora minor Calvert. (A,D,S,St; adult) 17 July-7 August. 
Somatochlora williamsoni Walker. (D,S; adult) 3-7 August 1936. 
Tetragoneuria spinigera Selys. (A,J,S,St; adults and larvae) 23 June-21 

July. 

LIBELLULIDAE 
Leucorrhinia frigida Hagen. (J,S; adult) 11-14 July. 
Leucorrhinia glacialis Hagen. (J; adults and larvae) Cornmon in bogs. 27 

June-26 July. 
Leucorrhinia hudsonica (Selys). (A,J; adults and larvae) 25 May-8 August. 
Leucorrhinia proxima Calvert. (A,D,J,S; adults and larvae) Cornmon and 

widespread. 18 July-7 August. 
Libellula julia Uhler. (J,S; adults and larvae) Cornmon and widespread. 31 

May-23 July. 
Libellula lydia Drury. (J ,S; adults and larvae) Cornmon and widespread. 26 

June-9 August. 
Libellula pulchella Drury. (J; adult) 5 August 1988 at Hidden Lake. 
Libellula quadrimaculata Linn. (A,D,J,S; adults and larvae) Cornmon and 

widespread. 27 May-7 August. 
Pantala flavescens (Fabricius). (J; adult) 13 July-18 August. 
Sympetrum costiferum (Hagen). (M; adult) 8 September 1970 at Mount 

Franklin. 
Sympetrum danae (Sulzer). (J; adults and larvae) 15 July-5 August. 
Sympetrum internum Montgomery. (G,M,S; adult) 11 August-8 

September. 
Sympetrum obtrusum (Hagen). (A,D,J ,S; adults and larvae) Cornmon and 

widespread. 14 July-13 August. 
Sympetrum occidentale Bartenev. (G; adult) 7 August 1984 at Lake 

LeSage. 
Sympetrum semicinctum (Say). (J; tenerals) 14 July 1989 at Moose Lake. 
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HOPLISTOSCELIS SORDIDUS 
(HETEROPTERA: NABIDAE) IN CANADA 

M.-C. Larivierel 

ABSTRACT 

Hoplistoscelis sordidus is recorded for the first time from Canada. The 
distribution of the species, its establishment in Canada, and its bionomics are 
discussed. Characters are given that distinguish Hoplistoscelis from all other 
eastern Canadian genera of N abinae. The potential role of the genus as a 
biological control agent is also briefly outlined. 

The genus Hoplistoscelis Reuter is a North and Central American group; in 
America north of Mexico, six species are known, mainly from the southern 
half of the United States. Only H sordidus (Reuter) is known to be well 
established and wide-ranging in northeastern North America. Its previously 
reported distribution includes the following records (Henry and Lattin 1988): 
Connecticut, District of Columbia, Florida, Iowa, Illinois, Indiana, Louisiana, 
Massachusetts, Maryland, Maine, Minnesota, Mississippi, Missouri, 
Nebraska, New Jersey, New York, Ohio, Pennsylvania, South Dakota, Texas, 
and Wisconsin. 

The species is here reported for the first time from Canada, from 25 adults 
contained in the Canadian National Collection (CNC), Ottawa, and the Royal 
Ontario Museum (ROM), Toronto. Collection data for all 25 specimens are 
summarized below. The known range of H sordidus in Canada is shown in 
Figure l. 

ONTARIO. Ojibway [Provincial Park]: 30.VIII.1961, 1 ~ (CNC). Point Pelee 
[National Park]: 13.VI.1920, 2 ~ (ROM); 30.V.1929, 6 ~ (CNC); 10.VI.1929, 1 ~ 
(CNC); 23.VI.1931, 1 6 (CNC); 11.1X.1961, 1 ~ (CNC). Rondeau [Provincial] 
Park: 10.IX.1954, 2 6 and 4 ~ (CNC); 18.VII.1955 on silver poplar, 1 ~ (CNC); 
15.VI.1977, understory and trees of deciduous forest, 2 ~ and 1 6 (ROM). 
Tillsonburg: 20.VI.1962, 16 and 2 ~ (CNC). 

The specimens listed above are all short-winged, a condition apparently 
more common than the long-winged form (Blatchley 1926, Harris 1928, Froes
chner 1944). The short-winged condition (no dispersion by flight) and the fact 
that the species has been collected repeatedly between 1920 and 1977 suggest 
that it is well established in the southern Ontario peninsula. Animals found 
nowhere else in Canada inhabit this part of the country (Anon. 1990). The 
distribution of H sordidus in southern Canada apparently represents the 
northern distributional limit of a species whose range follows the Carolinian 
forest biogeographic zone. In Canada, this zone is restricted to the southern

lCentre for Land & Biological Resources Research, Biological Resources Division, 
Research Branch, Agriculture Canada, Central Experimental Farm, Ottawa, Ontario, 
Canada KIA OCB. 
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Fi~e 1. Distribution of Hoplistoscelis sordidus in Canada (Ontariol: 1 = Point Pel~ 
NatIonal Park, 2 = Rondeau Provincial Park, 3 = Tillsonburg, 4 = Ojibway Provincial 
Park. 

most quarter of the Ontario peninsula (mostly south of 43 ON) and is character
ized by broadleaf forest, agricultural crops, and suburban habitats. 

One specimen of H. sordidus was collected in western Ontario (Ojibway 
Provincial Park), in 1961. No other specimens from this area or further west 
were found in the Canadian National Collection, the University of Manitoba 
(Winnipeg) collection, or the Saskatchewan Museum of Natural History 
(Regina) collection. Thus, it is doubtful that this species has become estab
lished in western Ontario. 

The following combination of characters distinguishes HopUsroscelis from 
all other eastern Canadian genera of N abinae: tibiae annulated throughout 
their length; front and middle femora (Fig. 2) annulated in their apical half, 
their underside provided with a series of small, rather blunt, dark teeth. 

Hoplistoscelis sordidus varies in length from 6.5 to 8.5 m.m and, in color, 
from light yellow to mottled dark brown; the connexivum is provided with a 
fuscous spot at each joint in both sexes, and is broadly exposed and strongly 
bent upward in the female. 

As for most of our nabid species, very little is known about the bionomics of 
H. sordidus. According to Harris (1928), the species frequents shady moist 
situations where the undergrowth is of a rank nature. In Mississippi, it has 
been recorded on cotton and alfalfa (Hormchan et al. 1976). In Canada, it has 
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Figure 2. Inner lateral view of middle femur of Hoplistoscelis sordidus. 

been collected on silver poplar (Populus albal and other deciduous trees (see 
data above). Harris (1928) worked out its life history in Iowa: overwintering 
occurs in the adult stage, in litter or under grasses and logs; eg~s are laid in 
the stems of plants in early spring; the species undergoes fIve nymphal 
stages. 

Members of this genus of predaceous bugs are potentially useful in control
ling certain agricultural pests. In the southeastern United States, H. sericans 
(Reuter) is among the most commonly recorded predators in row crops (Elvin 
and Sloderbeck 1984); in Mississippi, H. sericans and H. sordidus commonly 
occur in agroecosystems (Hormchan et al. 1976); and in Florida, H. sericans is 
a predator of velvetbean caterpillar eggs in soybeans (Buschman et al. 1977) 
and of soybean looper eggs and larvae (Richman et al. 1980). 

Further collecting should prove the species to be more widely distributed in 
southern Ontario, especially because N abinae are generalist predators and H. 
sordidus is apparently able to take advantage of man-altered habitats, includ
ing agroecosystems. 
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INFLUENCE OF TREE SPECIES ON FREQUENCY OF 
TRAP-NEST USE BY PASSALOECUS SPECIES 

(HYMENOPTERA: SPHECIDAE) 

John M. Frickel 

ABSTRACT 

Habitat selection by Passaloecus spp. based upon tree species used as sta
tions for artificial nesting sites were studied. Data suggest that Passaloecus 
areolatus preferred Juglans and that P. cuspidatus preferred Pinus. 

Wasps of the genus Passaloecus (Pemphredoninae) nest in hollow twigs or in 
beetle borings in wood, provisioning their cells with paralyzed aphids (Bohart 
and Menke 1976). Little is known about the ecological differences between 
sympatric species. The importance of habitat, such as trees to which trap-nest 
bundles are attached, has received little attention in previous research on the 
biology of Passaloecus spp. (Danks 1971, Fye 1965, Krombein 1967, Vincent 
1978). Tree species might be important to these wasps for several reasons: the 
presence of suitable prey (e.g., aphids), availability of appropriate nesting 
cavities aside from trap-nests, and availability of closure materials. 

METHODS AND MATERIALS 

Trap-nesting biology of Passaloecus spp. was investigated from 1984 
through 1987 on the campus of Concordia College, Ann Arbor, Michigan 
(Fricke 1991b). Trap-nest stations were established in a mixed hardwood for
est edge between a smaIl red pine plantation and an old field. The long axis of 
the edge ran from north-west to south-east. Bundles of trap-nests were posi
tioned so that bore openings faced north-west, north-east, south-east, and 
south-west. Trap-nests were arranged in bundles presenting a mixture of regu
lar and randomized patterns of drilled and blank trap-nest faces. Trap-nest 
design has been previously described (Fricke 1991a). Bore diameters, bundle 
configurations, tree species, and bundle heights are summarized in Table 1. 

RESULTS AND DISCUSSION 

Data from trap-nesting studies were examined for the possible influence of 
tree species on the selection of nesting sites by Passaloecus spp. In 1984, all 
trap-nesting stations were Juglans, and P. cuspidatus Smith was the only 
Passaloecus observed and reared. In 1986, 19 stations were Juglans and 

INatural Science and Mathematics Division, Concordia College, Ann Arbor. MI 
48105. 
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Table 1. - Bore diameters, bundle configurations, tree species, and bundle heights used in 
studies of Passaloecus spp. trap·nesting biology, 1984-1987. 

Bore Number of Bundles and Tree 
Year Diameters Bundle Configuration Species Bundle Heights 

1984a 3.2-4.8 nun 48 (3 X 3) Juglans 0.5-1.5 m 
1984b 3.2-8.0 nun 17 (3 X 3) Juglans 0.5-1.5 m 
1986a 1.6-4.8 nun 96 (3 X 4) Juglans 0.5-2.0m 

Populus 
Fraxinus 
Prunus 

1986b 1.6-4.8 nun 36 (3 X 4) Juglans 1.0-9.0m 
Fagus 

1987 2.4-7.2 mm 147 (3 X 4) Juglans 0.75-1.75 m 
Pinus 

another 9 stations were distributed as follows: 5 Fraxinus, 1 Prunu.s, 2 Popu
lus, and 1 Fagus. Thirty trap-nests were provisioned by P. cuspidatus; 18 by P. 
monilicomis Dahlbom; 6 by P. annulatus (Say), and 51 by P. areolatus Vincent. 
Chi-square (X2) (I) was used to test for differences in Passaloecus spp. tree 
selection between Juglans and all other tree species. The expected frequencies 
were based upon station deployment frequencies: Juglans (67.86%) ana others 
(32.14%). Observed and expected frequencies of tree selection are given in 
Table 2. The X2 statistic indicated that the differences in distribution of Passa
loecus spp. among these trees was not random. These data suggest that P. 
areolatus has a strong preference for Juglans; few were observed on other 
trees. 

Data from four stations (3 Juglans and 1 Fagus) with bundles of trap-nests 
distributed at 1 meter intervals to a height of 9 m were particularly interest
ing. Each bundle consisted of 12 trap-nests in a 3X4 confIguration; hence each 
tree received 108 trap-nests. Of 432 trap-nests, 259 were used by trap-nesting 
wasps and bees. Respective frequencies of trap-nest use at these stations were 
75, 71, 52 (Juglans), and 61 (Fagus). The chi-square test indicated no signifi
cant difference in the frequency of trap-nest use among these trees by either 
wasps or bees. However, 55 trap-nests were provisioned by Passaloecus spp. 
determined by closure materials, aphid remains, and prepupae. P. areolatus 
was found in 40 trap-nests and P. cuspidatus was found in 5 trap-nests. The 
respective distribution of Passaklecus among these trees was 17, 28, 10 
(Juglans), and 0 (Fagus). While 61 trap-nests were provisioned by trap-nesting 
wasps and bees at the Fagus station, none was used by Passaloecus. The X2 II) 
test for differences in frequency of habitat selection among tree species by 
Passaloecus was highly significant (X2 = 30.03, df =3, p .001). Competition is 
an unlikely explanation for the absence of Passaloecus from the Fagus station. 
The arrays of trap-nest users, other than Passaklecus spp., among these sta
tions were similar. Other factors may account for the absence of Passaloecus 

Table 2. - Tree selection by three Passaloecus species, 1986. 

JuglansPassaloecus 
species Obs. Exp. 

cuspidatus 18 20.36 
monilicomis 16 12.21 
areolatus 49 34.61 

X2 - 23.66, df - 2, P < .0005 
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Table 3. -Tree species frequency and frequency of trap-nest use by Passaloecus cuspidatus, 
1987_ 

Tree species 
Pinus Juglans Fraxinus Others 

Tree Frequency 
Use Frequency 

14 (28.57%) 
55 (66.27%) 

22 (44.90%) 
19 (22.89%) 

8 (16.33%) 
5 (6.02%) 

5 (10.20%) 
4 (4.82%) 

X2 57.99, df = 3, p < .0005 

spp. from Fagus, e.g. a lack of natural nesting cavities, lack of appropriate 
closure material (resin, frass, and loose bark), or absence of aphids. 

During the 1987 season the establishment of trap-nesting stations was 
based upon the relative abundance of tree species at the study site. This 
differed significantly from station selection in 1986, when Pinus were system
atically excluded. Tree species distribution for 49 trap-nesting stations estab
lished in 1987 was: Pinus-14, Juglans 22, Fraxinus-8, and others (Ulmus, 
Acer, and Populus) - 5. The respective frequencies of trap-nest use by P. cuspi
datus among these trees were: Pinus-55, Juglans-19, Fraxinus-5, and 
others-4 (Table 3). The chi-square (I) test statistic indicated a highly signifi
cant habitat selection among tree species by P. cuspidatus. Pinus stations 
were clearly preferred by this sphecid. 
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ERRATUM 

Due to an unfortunate editorial error, the title of David Cowan's paper in 
Volume 24 Number 3, page 183, was incorrect. Podium luctuosum was used in 
the title instead of rufipes. The correct title should read as follows: 
New Michigan state record for a sphecine wasp, Podium rufipes (Hymenop
tera: Sphecidae). 

The editor regrets any confusion this may have caused. 
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