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DISPERSAL AND RE-CAPTURE OF MARKED, OVERWINTERING 

TOMICUS PINIPERDA (COLEOPTERA: SCOLYTIDAE) 


FROM SCOTCH PINE BOLTS 


A V. Barak l , D. MeGrevy1, G. Tokaya 2 

ABSTRACT 

The pine shoot beetle (PSB), Tomicus piniperda is a recently established 
exotic pest of live pine in the southern Great Lakes of the U.S. and 
Canada. Scotch pine, Pinus syluestris L. is the most susceptible pine species, 
but the adult also attacks several other North American species of Pinus. 
This research investigated the dispersal behavior of beetles emerging from 
overwintering sites to aid in the development of effective monitoring and 
management practices. Scotch pine logs with overwintering PSB were 
sprayed with fluorescent pigments to mark dispersing beetles. These logs 
were placed in piles in the centers of three circular trap arrays of 8-unit 
Lindgren traps, baited with a-pinene, and placed at distances of 50, 100,200, 
300 and 400 meters from the center along equally spaced radii. An estimated 
average of 393 PSB, or 23.4% of the overwintering PSB, dispersed from each 
of three log piles during the initial spring dispersal flight, and 21.9% of these 
were captured in traps. Traps within 100 meters caught 56.0 to 67.8% of the 
marked PSB recovered. Most (95.3%) marked PSB were trapped within 400 
meters, but 12 beetles (4.7%) were trapped 780-2,000 meters away in adja
cent trap arrays. The dispersal pattern of the population, as indicated by 
trap catch, was to the northeast, in the direction of prevailing westerly/ 
southerly winds up to 4.77 mls daily average during beetle flight. Regression 
analysis suggests that the PSB within the experimental area had a predicted 
dispersal distance of 900 meters in an area that contained numerous traps. 
Dispersal distances may be greater under of conditions of strong and steady 
winds or if traps or abundant host material removed fewer PSB from the dis
persing population. The use of traps to monitor specific sites should consider 
the direction of prevailing winds. Trap catches of wild PSB suggest that opti
mal inter-trap spacing for efficient detection could be about 78 m. 

The pine shoot beetle (PSB), Tomicus piniperda L.(Coleoptera: Scolyti
dae) is a recently introduced exotic pest of Pinus spp. in the Great Lakes re
gion, with Scotch pine, Pinus syluestris (L.), the most susceptible species 
(Bakke 1968, Langstrom 1980, Haack and Kucera 1993, Haack and 
Lawrence 1994). The beetle was able to feed on the shoots of P ponderosa 

lUSDA, APHIS, PPQ, Otis Plant Protection Center, Building 1328, Otis ANGB, 
lYrA 02542-5008. 

2New York State Agricultural Experiment Station, IPM Building, Geneva, NY 
14456. 



70 THE GREAT LAKES ENTOMOLOGIST Vol. 33, No.2 

Dougl., P banksiana Lamb. and P resinosa Ait. nearly as well as on P 
syluestris, generally preferring hard pine to soft pine species such as eastern 
white pine, P strobus L. (Lawrence and Haack 1994). The PSB is Eurasian in 
origin and probably entered the United States on ships in at least two loca
tions in the southern Great Lakes region in pine dunnage (large shoring tim
bers) or other pine wood with bark attached. (Carter et al. 1996). 

PSB adults damage pine trees during summer and fall by mining the 
healthy shoots of the current year and sometimes the previous years growth 
(Kauffman et al. 1998). Mter the first hard frosts the beetles leave the shoots 
and overwinter by boring into the bark at the base of the same pine trees on 
which they have previously fed on the shoots. In late winter and early spring, 
following a few days of temperatures above approximately lO-14°C 
(50-57°F) the beetles disperse and seek weakened or dying pine trees or re
cently cut pine logs in which to reproduce (Bakke 1968). Langstrom and Hel
lqvist (1993) suggested that reduced "momentary vigour" of an otherwise 
healthy tree distressed by several factors, including the exposure of interior 
stand trees to a new edge after cutting, could induce attack. Females con
struct galleries under the bark, where they mate and lay eggs which hatch 
into grubs which feed on the cambium tissue. A secondary dispersal flight 
may take place as some parental adult beetles leave the established galleries 
to produce second, sister broods in suitable pine material. Following pupa
tion and eclosion, the new F 1 beetles emerge after about 600 degree days 
(50°F base)(Knodel and Barak 1996), and infest new shoots where they un
dergo maturation feeding prior to overwintering (Bakke 1968, Langstrom 
1983). 

PSB is currently (as of June 20, 2000) established in 296 counties in the 
southern Great Lakes region, including northern Illinois, Michigan, Indiana, 
Ohio, northwest Pennsylvania, New York, southern Ontario, and several 
counties in northern West Virginia, northern Maryland, and southern Wis
consin. Recently, pine shoot beetle has been detected in northern New Hamp
shire and Vermont, and several Quebec, Canada counties bordering these 
states (NAPIS Database 2000). 

A federal quarantine (USDA 1992) has been enacted to regulate the 
movement of pine Christmas trees, wreaths and boughs, pine nursery stock, 
pine logs and bark chips from infested (regulated) counties in the affected 
states. Movement of pine materials with or without roots, outside of this 
area, is based on an inspection certification, or on a Christmas tree grower 
IPM compliance agreement. Regulations have been proposed by which logs 
from infested areas, which may harbor overwintering beetles, can be shipped 
to mill yards in un-infested areas where they can be stored and processed or 
de-barked before the emergence of potential spring brood. This is based on a 
theory that when overwintering beetles within these logs emerge and dis
perse during spring flight, they would find sufficient brood material in the 
logs within the mill yard and would not disperse to find brood material out
side of the mill yard. This research investigates the distance and direction of 
short range dispersal of self-marked overwintering PSB for the purpose of 
providing supporting data for monitoring programs and formulation of regu
latory procedures for PSB. 

Flourescent pigments have been shown to be useful to mark dispersing 
scolytid beetles. Linton et al. (1987) and McMullen et al. (1988) reported no 
significant influence on adult mortality or flight of marked Dendroctonus 
ponderosae Hopkins. Cook and Hain (1992) used fluorescent powders to 
demonstrate the success of self-marking techniques with laboratory reared 
D. frontalis Zimmermann and Ips grandicollis (Eichofi). They found nearly 
100 percent marking if powders remained dry, but some decrease in life span 
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was associated with the marking. They further found no significant effect on 
flight initiation (both species) or semiochemical perception (1. grandicollis), 
and opined that if beetles are trapped shortly after emergence, marking 
should not hinder dispersal studies. Turchin and Thoeny (1993) used self 
marking techniques successfully with field collected D. frontalis brood in 
mark-recapture studies. Zolubas and Byers (1995) also successfully used flu
orescent powders to mark host-seeking Ips typographus L. for release in a 
Picea abies L. forest and subsequent recapture in pheromone-baited traps. 

MATERIAL AND METHODS 

Overwintering beetles. Scotch pine logs with overwintering PSB were 
obtained from an abandoned Christmas tree plantation located in Galena, 
LaPorte County, Indiana during late February, 1998. Trees with the greatest 
evidence of shoot feeding were identified. A section of the bole from about 10 
cm below the original ground base of the tree to a height of about 60 cm 
above the ground was removed and saved. The logs were transported to the 
New York State Agricultural Experiment Station (NYSAES) at Geneva, New 
York, and stored in a walk-in cooler at about 4.4°C (40"F). Prior to conduct
ing the experiment, the logs were divided into three piles based on diameter 
(smallest, medium sized and largest) with each pile then randomly divided 
among four groups (one control group and one group for each of three trap 
arrays) to obtain expected similar numbers of PSB in each pile. 

Experimental design. Three trap and log arrays were assembled on 
the grounds of the NYSAES at the North and South Research Farms, and 
the Crittenden Farm, Geneva, NY. Each array consisted of 8-unit multiple 
funnel traps (Lindgren, 1983) each baited with a two-vial, 100%, a-pinene 
lure (90-95% (-) enantiomer, 150 mg / day release rate per vial)(PheroTech, 
Inc., Delta B.C., Canada). Traps were arranged in concentric circles at radial 
distances of 50 (4 traps), 100 (8 traps), 200 (16 traps), and 300 or 400 m (16 
traps)(Figure 1). Traps were placed along radii, equally spaced at increments 
of 22.5, 45 or 90c E, depending on the number of traps set at the distance. 
Each array was oriented along a north to south axis except at the Crittenden 
Farm where the array was rotated ca. 12°E west of north to accommodate 
the dimensions of the site. Bearings were determined with a surveyors tran
sit. Distances from the center were determined with Bushnell Yardage Pro 
(Overland Park, Kansas) laser rangefinders to ± 1.0 meter. Traps were hung 
from 2 m, 0.95 cm (3/8 inch) diam. iron rebar hangers with a 900 E bend at 
the top. The rod was driven into the ground so that the bottom of the trap 
cup was approximately 0.3 m above the ground. 

All but seven traps were placed precisely at the full distance of 400 m at 
the North and South Farms, with some exceptions due to property bound
aries. At the smaller Crittenden Farms, a complete array of 400 m traps 
could not be placed, so the outer circle of 16 traps was placed 300 m from the 
center. Mter completion of this array, 10 additional traps were placed at 400 
meters depending on the terrain and after permission from the private 
landowners. Stands of old Scotch pine with visible shoot damage were found 
900 m south of the Crittenden Farm array and 350 m southwest of the center 
of the Crittenden Farm trap array. 

Release and marking of adult beetles. A hand pump tank sprayer 
was used to individually spray logs to runoff with an aqueous solution of a 
Day-GIo (Cleveland, Ohio) fluorescent pigment (magenta, arc yellow or Sat
urn yellow). Approximately 375 g of pigment, with 10 ml Triton X-I00 wet
ting agent (to aid suspension) was mixed with 3.75 I water and agitated con
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Figure L Basic trap array used in dispersal and re-capture study of self
marked, overwintering Tomicus piniperda (L.). Logs with overwintering bee
tles were placed at the center of a 400 m radius trap arrays with traps 50, 
100, 200 and 400m from the center. The experiment was conducted at the 
experimental farms of the NYSAES, Geneva, New York. The North Farm 
array is represented here. 

tinuously during spraying. After spraying, logs were allowed to air dry. At 
the center point of each trap array a pile of 24-25 marked, infested logs of 
the same color was arranged in a stack four logs high. The stack was 
arranged on a wood frame about 0.3 m above the ground to keep logs from 
sinking into thawing soil. The piles were then covered with a plastic sheet 
and a silvered mylar sheet to reflect sun to keep the logs cool. This was done 
to prevent premature emergence and flight. The log piles were uncovered on 
March 21, when flight-inducing temperatures were forecasted and dry 
weather was expected. Swarming PSB were allowed to self-mark with dry 
pigment when they emerged from or climbed over the logs before taking 
flight. Logs and traps were removed on April 21 due to farm work considera
tions, by which time the primary spring flight was over. 

Control logs. One group of 23 logs was used as a controls to estimate 
beetle flight from the trap array log piles. These logs were held in a shaded, 
screened porch at the IPM building, 1'I.TYSAES, Geneva, New York, during the 
dates the marked logs were in the trap arrays. Logs were placed individually 
in 25.4 em (10 in) diameter, 0.9 m (3 ft;) long cardboard tubes. The tubes were 
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closed at one end, and the other end was fitted with a plastic funnel which 
terminated in a ca. 70 ml bottle to collect emerging beetles. Emerged PSB 
found in the collection bottles were counted and recorded every few days be
tween March 27 and May 20. On May 19-20, after beetle collections from 
control logs had terminated, and before possible F 1 brood control 
logs were examined for remaining adults by removing the Control log 
emergence was used to estimate dispersing PSB flight from the logs in the 
trap arrays, after adjusting for numbers. 

Trap monitoring. Array traps were checked every few days from March 
26 through April 21. Trap catches were placed in separate covered plastic 
condiment cups until examined. Trapped beetles were illuminated by a UV 
mineral light and examined under a dissecting microscope for pigment mark
ing. PSB were considered marked if pigment contamination was imbedded 
between the setae, intersegmental membranes or joints. Completely clean, 
unmarked PSB were also trapped and were considered to be from the wild 
population. Beetles with only slight, superficial pigment were thought to 
have picked up pigment contamination through direct contact with a heavily 
marked PSB, if one was present in the trap cup. The clearly visible marking 
of most beetles was interpreted as evidence that marking was practically 
100%. 

Weather data. Data on air temperature, and wind speed and direction 
were obtained from the Vegetable Research Farm, NYSAES, Geneva, NY, 
station number 3031840. 

Analysis. Statistix for Windows V. 2.0 (Analytical Software, Tallahassee, 
Florida) was used for statistical analysis. Log diameter and length for each 
group was subjected to analysis of variance and multiple means comparison 
(SchefIe's test). Multinomial chi-square testing was applied to distributions 
of marked vs. wild beetles, and to spatial distributions of both marked and 
wild beetles after areas were divided into NE and SW halves separated by a 
trap border. Linear regression was used to determine wether the mean num
ber of PSB emerged from controls varied with log diameter (measured mid
length, with bark on) and to analyze the effect of trap distance on marked 
PSB trapped. The number of beetles trapped by each trap and the distance 
from the log pile from which the beetles emerged were used to compute direc
tional vectors proportional to beetle numbers times trap distance. 

RESULTS 

Overwintering beetles. Although there were differences in group log 
diameters (ANOVA, F = 4.42:df = 3,92; P<0.006), the number of PSB col
lected from control logs was independent oflog diameter (P=0.275, r2 = 0.057; 
df 1,21)(Table 1). Length was not considered important, since PSB overwin
ters in the basal area, and log lengths exceeded the region in which beetles 
overwinter. 

Estimated number of dispersing beetles. A mean of 16.17 :t 3.88 
SEM beetles per log were collected from the control logs during the primary 
flight period (Table 2.) A collection peak occurred between March 27 and 
April 2. Between April 3-14, new beetle counts increased by only a total of 
33, and the primary dispersal was then considered over. Additional collec
tions through May 20 show that a total of 1,590 beetles were collected from 
the control logs, an average of 69.13 :t 10.08 per log. No pupae or pharate 
adults were found when the bark was peeled from the logs, and the galleries 
only contained F 1 grubs. Therefore, the sums of beetles collected in the emer
gence vials were considered to be the total number of beetles overwintering 
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Table 1. Diameter and length (mean ± SE) of Scotch pine logs obtained from an aban
doned Christmas tree plantation and which were known to harbor overwintering Tomi
cus piniperda (L.) based on the observation of shoot feeding and basal boring dust. Di
ameter measurement was with the bark on at center log. 

Experimental 
Site Logs / Pile 

Diameter (cm)l 
Mean ± SE 

Length (cm)l 
Mean± SE 

Control 
North Farm 
South Farm 
Crittenden Farm 

23 
24 
24 
25 

11.1 ± 0.39a 
12.6 ± 0.45a 
11.1 ± 0.36ab 
10.7 ± 0.34b 

51.7 ± 1.81M 
68.9 ± 0.84b 
64.6 ± 0.68b 
65.4 ± 1.02b 

IMeans within columns followed by same letter not differing from other 

means within group at 0.05 level, Scheffe's test, P <0.05. 

*Short logs used as control logs to fit collection tubes. 


Table 2. Estimation of Tomicus piniperda (L.) dispersing from log piles, based on con

trollog beetle collections. 


Cumulative count to date 

Study Site # oflogs Mar. 31 Apr. 14 Apr. 20 a Apr. 23 May 20 

Control (collected) 23 296 372 508a 626 1,590 
Mean ± SEM / log 12.87 ± 16.17 ± 22.09 ± 27.22 ± 69.13± 

3.27 3.88 4.76 27.22±5.58 10.08 

Estimated dispersing beetles (control mean * # of logs) 

North Farm 
95% CI 

24 309 
146-471 

388 
195-581 

530 
293-767 

South Farm 
95% CI 

24 309 
146-471 

388 
195-581 

530 
293-767 

Crittenden Farm 25 322 
152-491 

404 
202-605 

552 
305-799 

aThis date was considered to be included in the secondary flight of the brood forming 
PSB. 

in the logs. Beetles that were collected before April 20 represented 23.4% of 
the overwintering population. A majority of beetles remained with the logs to 
construct brood galleries, and all logs were heavily galleried. Mter forming 
brood, these parental adult beetles were then collected, and were considered 
to represent the secondary dispersal flight. 

Trapped beetle numbers. We estimated that between 19.1 and 22.5% 
of marked, primary flight beetles were recovered in array traps by April 14 
(Table 3). On April 20-21, the day the traps were removed from the array, 
only eight additional beetles were caught. We considered this the end of the 
first flight in the field. Trapped wild (unmarked) beetles (n = 166) also had a 
corresponding primary flight, with only seven beetles trapped between April 
14 and April 21. We calculated that 23.4% of the overwintering PSB left the 
log piles during the primary flight, based on emergence from control logs. 
Traps at all distances caught an estimated 21.9% of this 23.4% during the 
primary flight period, or 5.1% ofthe total beetles calculated to be in the logs. 

PSB dispersal distance. Capture of marked PSB was negatively cor
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Table 3. Number of marked and unmarked Tomicus piniperda (L.) trapped after dis
persion from marked log piles at three sites, and estimated percentage of dispersing 
beetles trapped based on control log collections. 

Cumulative trap count to date (% of estimated PSB)a 

Logs Source # of Traps Mar. 31 Apr. 14 Apr. 

North Farm 44 70 (22.7) 84 (21.6) 87 (16.4) 
South Farm 44 69 (22.3) 74 (19.1) 74 (14.0) 
Crittenden Farm 54 76 (23.6) 91 (22.5) 96 (17.4) 
Unmarked (Wild) 142 146 159 166 

(all sites) 

aEstimated percentage (from Table 2) of dispersing PSB trapped. 
bThe last day traps were active in array. 

related with distance ( y 83.3728.41*Log x (meters), r2 0.943, F == 182.5, 
df 1,11, P < 0.001) over the 400 m array (Figure 2). Although most beetles 
were recovered within 400 meters, 12 beetles dispersing from the North and 
South Farms were recovered in adjacent arrays 780-2,035 meters from the 
release point. Since adjacent arrays (North and Crittenden) represented a 

Percent Marked and Re-Captured PSB VS. Distance 
50,-··············~~~~~~ -- ..~~~-------~ -----~ 

-.- .. B ..iMark8dPS 
40 • Wild PSB 

-----.3---
y = 83.4 28.4 * log X 

-0 
Q) 
Q. 
Q. 
~ 30 

• 

• 
/ 

/ 

/ 
\ 

r2 = 0.943 

I \ 
CD 
(/) 
0.. 20 -- \ 

0 

'* 10 

/ 
/ 

/ 
/ 

/ 

Trap Distance from Log Pile (meters) 

Figure 2. Percent of marked and native (unmarked) Tomicus piniperda (L.) trapped 
versus trapping distance. Percent at any distance is % of marked or wild beetles 
trapped, not of the estimated total dispersing population. 

http:83.3728.41
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Figure 3. Proportional vectors of trap count trap distance (beetle-meters) of marked 
and trapped Tomicus piniperda (L.) dispersing from a source at the center of three 400 
m radius trap arrays. Data from the arrays were pooled. 

local concentration of traps but subtended only a small arc of potential dis
persal, these beetles were not considered in the analysis. While marked bee
tles were trapped largely within 100 meters of the log pile, the catch of na
tive beetles was highest at the 200 meter distance and had no linear 
correlation with trap distance. 

Directional dispersal. Directional vectors clearly show a northeast 
dispersal pattern, based on trap catch and distance traveled (Figure 3). Fur
ther, higher numbers of marked PSB were trapped in the northeast "half' of 
the trap arrays compared with the southwest "half" (Table 4). Wild (un
marked) PSB had spatial distributions of trap catch different from marked 
beetles, and the distributions within the arrays were not uniform or in a con
sistent direction. 

Weather data. Winds from the south to west were prevalent (Table 5). 
Wind velocities were 5-15 mls on five of nine days, but periods of calm (0-5 
mls) did occur on four days. 

DISCUSSION 

For the purpose of PSB IPM, it has been hypothesized that if logs with 
overwintering beetles are transported to a mill yard, and if the beetles 
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Table 4. Directional dispersal of marked and recaptured overwintering Tomicus 
piniperda (L.) dispersing from log piles at the center of a circular trap array. Un
marked beetles are considered to be from the wild population. 

Beetles North South Crittenden 
Direction Farm Farm Farm 

MarkedPSBa Number trapped (% oftotal trapped within site) 
Northeast halfb 43 (52.4) 49 (72.1) 64 (66.6) 
Boundary Trapsd 6 (7.3) 8 (11.8) 4 (4.2) 
Southwest half 33 (40.2) 11 (12.2) 28 (29.2) 

Sub-total 82 68 96 

Unmarked (wild) PSB 
Northeast halfc 12(66.7) 15 (50.0) 24 (20.3) 
Boundary Traps 1 (5.6) 3 (10.0) 7 (5.9) 
Southwest half 5 (27.8) 12 (40.0) 87 (73.7) 

Sub-total 18 30 118 

aThe distribution of marked and unmarked (wild) differed (X2 = 300.3; df 8; P = 

<0.0001). 

bThe distribution of marked PSB by sectors differed (X2 df =8; P =<0.001). 

c'fhe distribution of wild PSB by sectors differed CX2 = 45.83; 8; P < 0.0001). 

dBoundary traps are those traps in the array along radii separating the NE traps from 

the SW traps. 


Table 5. Daily wind speed and wind direction during the 
peak of the dispersal flight of Tomicus piniperda (L,) at 
Geneva, New York, 1998. 

Wind Speed 
Date, ]998 Wind Direction 

mls m.p.h. 

Mar. 25 0-2.24 0-5 SE 
Mar. 26 0-2.24 0-5 SE 
Mar. 27 4.47--6.7 10-15 W 
Mar. 28 0-2.24 0-5 SW 
Mar. 29 4.47--6.7 10-15 W 
Mar. 30 0-2.24 0-5 S 
Mar. 31 2.24--4.47 5-10 S 
Apr. 01 2.24-4.47 5-10 SE 
Apr. 02 2.24-4.47 5-10 SW 

emerge from overwintering, they will not disperse from the mill yard in suffi
cient numbers to colonize brood material which may be nearby. Instead, the 
beetles would colonize logs within the mill yard. In this study a large propor
tion of overwintering beetles dispersed hnndreds of meters from artificial log 
piles, even though brood material (the overwinter logs) or simulated brood 
material odors (the traps) were available within that distance. The abun
dant, large logs present in a millyard would probably be much more attrac
tive than numerous traps. Therefore, if more strongly attractive brood mater
ial (logs) would have been available within the arrays, perhaps there would 
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have been fewer PSB dispersing over longer distances. However, if beetles 
were to be present in potentially high numbers, even a small percentage of 
dispersing or windblown beetles escaping an infested millyard could 
sent a risk to nearby pines. Logs with overwintering beetles may be 
piled on the periphery of a millyard, and thus even short dispersal flights 
could place them outside of a yard property under management. With Scotch 
pine strands close to timber storage sites (abundant brood material), 
Liingstrom and Hellqvist (1991) reported that losses in growth volume of 
trees, due to heavy shoot feeding, declined with distance from the storage 
site out to 500 m compared with no losses to trees 1500 m distant. Brood 
material elimination plays an important part in PSB rPM programs for 
Christmas tree plantations (McCullough, D. G. and C. S. Sadof 1998). The 
principle of sanitation, through timely processing of logs, would also apply to 
millyards or log storage areas (or the immediate surrounds), where pine logs 
from infested (regulated) areas may colonize other logs or suitable pine mate
riaL 

In a regression analysis similar to Schlyter (1992) we suggest that the 
principal dispersal distance under our experimental conditions may be 
nearly 900 meters (Figure 2). To reduce risk of establishment, brood material 
within approximately a kilometer of a beetle source must be destroyed prior 
to any brood emergence, since it is within range of colonizing PSB. Though 
traps caught a few PSB at a distances of 780 meters or more, no trap had 
more than one marked PSB per at these distances. Therefore, the num
ber of PSB dispersing from our logs may not have been high enough 
to assure that beetles at such distances would pair successfully and produce 
a new infestation, as females mate after dispersal and initial brood gallery 
construction. 

Since most beetles were trapped relatively close to the log piles, how far 
and in what numbers these beetles would have Hown if they were not re
moved from the dispersing population by trapping is unknown. Maximum 
dispersal may not be as great when the beetles do not need to Hy far to find 
abundant brood material (logs), such as in a millyard. A larger trap array (at 
least 2 km radius) with less emphasis on close range trapping and cr-r<."T."l' 
inter-trap distance may give a more accurate view of dispersal patterns and 
colonization potential in an area where brood material would be widely dis
persed. 

Wind speed and direction appeared to be an important factor in the dis
persal pattern of the beetles. The locus of the dispersing population had 
drifted to the northeast, and the data of Table 5 could explain this pattern. 
At no time was the wind from a northerly direction, and only three days had 
mild, SE winds. The days of highest wind speed occurred during the peak of 
the primary dispersal flight, and were from the westerly. It is understood 
that a beetle would locate an attractant source by flying upwind in the odor 
plume, yet the dispersal pattern was primarily downwind. Byers et al. (1989) 
found that with 1. typographus, daily changes in wind velocity affected trap 
catch. When daily wind speed changed from 2.23 to 4.0 m/s and 2.7 m/s to 
3.76 mis, trap catches were reduced, and when the daily wind speeds de
creased from 4.0 to 2.7 m/s and 3.76 to 1.56 m/s on the corresponding, follow
ing days, trap catches rebounded. It is not known precisely how wind velocity 
affects PSB, but it must also be considered likely to have an effect upon dis
persal distance and direction. Our data indicate that for five of nine days 
wind speed exceeded the aforementioned higher velocities, with the highest 
winds in the direction of the dispersal pattern. If the PSB were not able to ef
fectively fly upwind in a plume on windy days and were instead blown down
wind, this would explain the trapping pattern. During calm periods between 
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gusts or low winds the beetles could locate traps, even those opposite the pre
vailing winds, but close to their origin as shown in Figure 3. In fact, the high
est single trap catch (15 PSB) was 50 meters due west at the North Farm, 
contrary to the prevalent winds. The placement of traps in the spring should 
take prevailing wind directions into consideration for maximum likelihood of 
detection, especially if traps were to be placed about trees or millyard logs 
suspected of harboring PSB. Even with abundant attractant brood material, 
as in a millyard, gusty winds could carry PSB outside of the immediate trap
ping area. Further, logs with PSB located on the lee side of a millyard would 
pose a greater risk of escape. Timely processing oflogs would reduce the risk. 

While marked PSB were trapped relatively close to the source, the 
largest number of native PSB were trapped at 200 meters from the marked 
log stacks. The inter-trap distances at the 400, 300 and 200 meter circles 
were 156, 117 and 78 meters, respectively. Wild PSB coming from outside the 
arrays were most numerously trapped by the more closely spaced 200 m 
traps. This could be an indicator of more optimal trap spacing. More than 
twice as many wild PSB were trapped at 200 meters with 1.5 to 2 times the 
trap density, but this occurred after 40% of the trapped wild PSB were al
ready intercepted by the more distant and widely spaced traps. Trap catch 
declined greatly inside the 200 meter radius, even though the inner trap cir
cles provided a concentrated source of a-pinene from the lures and log piles. 
If traps or logs are used as an exclusion, monitoring or detection tool around 
a particular site, perhaps recommended spacing should be about 75-100 m, 
or until new information becomes available. 
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RICHNESS AND ABUNDANCE OF CARABIDAE AND STAPHYLlI'IIDAE 

(COLEOPTERAL IN NORTHEASTERN DAIRY PASTURES 


UNDER INTENSIVE GRAZING 


R. A. Byers1/ G. M. Barker2, R. L. Davidson3, E. R. Hoebeke4 and M. A. Sanderson 1 

ABSTRACT 

Dairy cattle has become popular to dairy farmers in the North
east looking for management schemes to cut production costs. Carabidae 
(ground beetles) and Staphylinidae (rove beetles) are indicators of habitat 
disturbances, such as drainage of wetlands, or grassland for grazing ':tlllllJ":W~, 
and their monitoring could provide one measure of ecosystem sustainability 
if intensive management systems expand or intensify in the future. 
Our objective was assess the abundance and species richness of these two 
beetle families under intensive grazing throughout Pennsylvania, southern 
New York and Vermont. We collected 4365 ground beetles (83 species) and 
4,027 rove beetles (79 species) by pitfall traps in three years in Pennsylvania. 
Nine ground beetle species, Amara aenea, Poecilus chalcites, Pterostichus 
melanarius, Bembidion quadrimaculatum oppositum, Amara familiaris, Poe
cilus lucublandus, Agonum muelleri, Bembidion obtusum and Bembidion 
mimus represented 80% of the Carabidae collected. 

Five other species were new to Pennsylvania. Four rove beetle species, 
Philonthus cognatus, Meronera venustula, Amischa analis, and Philonthus 
various (carbonarius), comprised 74% of the total Staphylinidae collected. 
Yearly distributions of the dominant species did not change significantly in 
the three years with A. aenea and P. cognatus being most abundant every 
year. A parasitic rove beetle, Aleochara tristis, was recovered for the first 
time in Pennsylvania and Vermont since its release in the 1960's to control 
face fly, Musca autumnalis. 

Similar results were found in New York and Vermont. We collected 1,984 
ground beetles (68 species). Pterostichus melanarius was most abundant. 
Pterostichus vernalis was detected for the first time in the United States 
(Vermont). It was previously reported from Montreal, Canada. We collected 
843 rove beetles (45 species). Philonthus cognatus was the most abundant 
rove beetle. In addition, Tachinus corticinus, previously known only from 
Canada, was discovered for the first time in the United States in Vermont. 

Pastures in Pennsylvania were diverse, containing 14 species of forage 
plants and 17 weed species. Botanical composition was similar in New York 
and Vermont. Sixteen species of grasses and legumes made up 90% of the 
plant composition and 36 species of weeds made up the remainder. This di
verse plant ecosystem may explain the richness of ground and rove beetles in 

lUSDA, ARS Pasture Systems and Watershed Management Research Unit,Univ. 
Park, PA 1680l. 

2LandCare Research, Private Bag 3127, Hamilton, New Zealand. 
3Carnegie Museum of Natural History, Pittsburgh, PA 15213. 
4Department of Entomology, Cornell University, Ithaca, NY 14853. 
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northeastern U.S. pastures because the heterogeneity in the plant popula
tion provided additional resources which can support a rich assemblage of 
beetles. Monitoring richness and abundance of Carabidae and Staphylinidae 
over three years in Pennsylvania suggests intensive grazing systems are eco
logically sustainable. 

Carabidae and Staphylinidae have been extensively studied in disturbed 
environments because they are numerous, sensitive to ecological change, and 
easily collected by pitfall traps. A decline in species diversity or richness and 
abundance indicates a disturbed, unstable environment while an increase in
dicates a stable and diverse environment (Eyre et al. 1989). Luff (1990) found 
a gradual decline in species richness because of changes to habitats sur
rounding the experimental area, which included drainage of wetlands and 
cutting of forests. Both studies underscore the value of carabids as indicators 
of changes to habitats. 

Many dairy farmers in the northeastern U.S. have adopted or increased 
intensive grazing technology to cut production costs (Ford 1996, Ford and 
Hansen 1994). Abundance of Carabidae and Staphylinidae has been studied 
in agroecosystems such as alfalfa (Lester and Morrill 1989, Los and Allan 
1983), raspberry plantations (Levesque and Levesque 1995), soybean fields 
(Ferguson and McPherson 1985) and grasslands (Luff 1990) including turf 
(Bramen and Pendley 1993). However, no studies have examined abundance 
and richness of Carabidae and Staphylinidae under intensive grazing in the 
northeastern U.S. 

Carabids and staphylinids abundance can be positively or adversely af
fected by grazing. Dennis et al. (1997) found five of the 32 most abundant 
species of Carabidae and Staphylinidae correlated with the effects of differ
ent grazing regimes imposed on a Nardus grassland in England. The rove 
beetles, Othius angustus Stephens, Xantholinus linearis (Olivier), Olophrum 
piceum (Gyllenhal) and the ground beetle, Carabus violaceus L. (Carabidae) 
were more abundant in ungrazed or lightly grazed treatments. The ground 
beetle, Pterostichus strenuus Panzer was more abundant where sheep and 
cattle with sheep grazed with greater intensity. 

Carabids and staphylinids patrolling the soil surface for prey have an in
fluence on soil fertility. Kajak (1997) found where macro-arthropods (includ
ing predatory Carabidae and Staphylinidae) had access to an open meadow 
microcosm (steel net enclosure with openings cut at soil surface), the propor
tion of detritus below ground, and animal feces above ground, was signifi
cantly higher than in a closed microcosm. He concluded that too little atten
tion has been paid to the influence of carabids and staphylinids on soil 
fertility. 

Our objective was to provide baseline information on the relative abun
dance and species diversity of these two families in several rotational cattle 
grazing systems of different intensity over a wide range of environments in 
Pennsylvania, New York and Vermont. 

MATERIALS AND METHODS 

Five dairy farms that used intensive grazing were selected representing 
several physiogeographic regions of Pennsylvania from a 21 farm ecological 
study (Byers and Barker 2000). Four paddocks (subdivided pastures used in 
rotational grazing systems) were chosen from each farm for a total of 20 pad
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Table 1. Location and attributes of farms sampled for carabids and 

Grazing Stocking rates 
period (cows/haJday for 

Farm County and State (Years) each grazing event) Soil series 

2 Berks, PA 1 152 Weikert 
8 Tioga, PA 4-14 114 Oguaga, Valousia 
13 Juniata, PA 3-13 38-51 Edom 
15 Venango, PA 2 64 Wharton, Brinkerton 
18 Westmoreland, PA 9 68 Upshur-Gilpin, Weikert 
22 Chemung, NY 30 55-60 Nardin, Valois 
23 Tompkins, NY 9 45-50 Howard 
25 Grand Isle, VT 5 65 Benson 
26 Franklin, VT 1-10 50 Marlow 
27 Washington, VT 10 20 Cabot 
28 Chenango, NY 9 100-120 Volusia 

docks. They were selected to provide a range in slope, aspect, and elevation 
that represented the topographic variation of the farm. Insect sampling was 
by pitfall traps (six per paddock placed randomly ca 20-100 m apart) oper
ated for one week in late May, mid-July and early September 1994-1996. In 
1997, three New York farms were sampled in May, July and September, and 
three Vermont farms in June and August. Four paddocks were sampled with 
six pitfall traps in each paddock on each farm. The location and attributes of 
each farm are presented in Table l. 

Pitfall traps consisted of 12 ern diameter tapering to a 9 ern diameter bot
tom plastic food containers (Grocery Wholesale Supply, State College, PAl, 
placed in PVC sewer pipe connectors (10.2 ern diameter by 10 cm tall) buried 
flush with the soil surface. A hole (8 mm diameter) was punched near the 
upper lip of each cup and covered with plastic screen (100/cm2 mesh) to allow 
rainwater to escape but retaining any trapped insects. Each cup contained 
250 ml of Galt's solution (Barber 1930) as a killing and preserving agent. A 
screen (l-cm mesh) of galvanized steel was positioned over each trap and 
held in place with spikes and metal washers to exclude cattle. Insects were 
removed at the end of the 7 -day trapping period and transferred to 70% 
ethanol until mounting and identification 

We sampled the botanical composition of the paddocks by harvesting 
four, 0.093 m2 quadrants within 1 m of each trap site in the of each 
year. Samples were sorted into grasses, legumes and weeds. and 
legumes were identified to species and recorded. We lumped weed species to
gether for Pennsylvania, but identified to species for New York and Vermont. 
After identification, plants were dried and weighed for estimates of standing 
biomass, or yield (kgiha). 

We made estimates of grazing intensity (amount of forage removed) near 
the pitfall traps at the end of each trapping period. A 1-5 scale was employed 
with 1 no grazing, 2 = light, tops of some plants eaten, 3 = medium, most 
plants grazed to some extent, 4 = heavy, all plants grazed to low heights 
(5-10 cm), and 5 = severe grazing, most forage removed, stubble remaining 
very short (5 cm or less). 

The percent slope and compass direction or aspect was recorded for each 
paddock Mean monthly maximum and minimum temperatures, monthly 
rainfall from January until time of sampling, and elevation were obtained 
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from nearest National Weather Service stations. Four soil samples (ca 30 g 
wet weight) taken near each pitfall trap were weighed and oven dried and 
percent moisture determined. 

Correlation (r) of the most abundant Carabidae and Staphylinidae with 
grazing management, biomass, weather data, soil moisture, and botanical 
composition were made using PROC CORR (SAS 1985). Regression analysis 
(PROC REG, SAS 1985) was used to examine linear relationships between 
the nine most abundant carabids, and four most abundant staphylinids and 
grazing management intensity, soil moisture and biomass. We used a confi
dence level of a 0.05 for all statistical tests. 

RESULTS 

Abundance. We collected 4,365 ground beetles represented by 83 
species in Pennsylvania dairy pastures in three years (Table 2). Amara aenea 
(DeGeer) comprised 42.8 % of the total number collected. Eight additional 
species, Poecilus chalcites (Say), Pterostichus melanarius (Illiger), Bembidion 
quadrimaculatum oppositum Say, Amara familiaris (Duftschmid), Poecilus 
lucublandus (Say), Agonum muelleri (Herbst), Bembidion obtusum Serville 
and Bembidion mimus Hayward made up 80.4% of the specimens trapped. 

Six species were not listed in a recent catalog (Bousquet and Larochelle 
1993) and are new records for Pennsylvania: Bembidion obtusum Senrille, 
Trechus quadristriatus (Schrank), Bradycellus nigriceps LeConte, Acupalpus 
pumilis Lindroth, and Stenolophus rotundus LeConte. T quadristriatus and 
B. obtusum are recent introductions to the U.S., which have been gradually 
spreading through the northeastern U.S. The other three species have been 
found in the surrounding states but not in Pennsylvania. 

We collected 1,984 ground beetles on NewYork. and Vermont farms in 
1997 (Table 3). P. melanarius made up 20.1% of the total sample. Six addi
tional species, Carabus auratus L., Amara aenea, B. q. oppositum, Clivina 
fossor (L.), P. lucublandus, and A. muelleri made up 80.2% of the specimens 
trapped. We discovered Pterostichus vernalis (Panzer) for the first time in the 
U.S. on a farm located in Vermont on the Canadian border. The only other 
North American record of this species is one specimen from Montreal which 
Bousquet and Larochelle (1993) claim to be mislabeled. We also discovered 
Carabus auratus L. on a farm near Montpelier, VT, a new state record. This 
species had been released in the 1960's in Mass. to control the gypsy moth 
and is spreading westward. 

We collected 4,027 rove beetles represented by 79 species in Pennsylva
nia in three years (Table 4). Philonthus cognatus Stephens was the most 
abundant species (52.9% of the total collected). Five species, P. cognatus 
Stephens, Meronera venustula Erichson, Amischa analis (Gravenhorst), and 
Philonthus varius Gravenhorst (=carbonarius), and Anotylus tetracannatus 
comprised 77.3% of the total specimens trapped. We collected one adult Ale
ochara tristis Gravenhorst on farm 8 in Tioga County in May 1994. We also 
collected a second adult from a farm in Lehigh County, PA which was not in
cluded in this study. This staphylinid was introduced to control face fly, 
Musca autumnalis DeGeer (Drea 1966), but was never recovered in the 
Northeast. This represents the first detection of this insect since its release 
over 30 years ago (W. H. Day, pers. comm.). Aleochara. tristis has also been 
found in Quebec Province, Canada and California. 

We collected 843 rove beetles (45 species) in New York and Vermont in 
1997 (Table 5). Philonthus cognatus was the most abundant species (17.2% of 
the total collected). Eleven other species and one undetermined Alleochari



Table 2. Abundance of Carabidae in grazed dairy pastures in Pennsylvania for three years. rv 
0 
0Cumulative 0 

Spedes arranged in order or abundance 1994 1995 1996 Thtal Percent Percent 

Amara aenea (DeGeer) 643 518 708 1869 42.82 42.82 
Poecilus chalcites (Say) 138 73 144 355 8.13 50.95 
Pterostichus (Morphnosoma) melanarius (Illiger) 128 138 20 286 6.55 57.50 
Bembidion (Bembidion) quadrimaculatum oppositum Say 97 90 74 261 5.98 63.48 
Amara f'amiliaris (Duftschmid) 70 14 114 198 4.54 68.02 
Poecilus lucublandus (Say) 77 49 46 172 3.94 71.96 
Agonum muelleri (Herbst) 
Bembidion (Phyla) obtusum Serville 
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Patrobus longicomis (Say) 
Anisodactylus sanctaecrucis (Fabricius) 
Agonum cupripenne (Say) 
Anisodactylus rustic us (Say) 
Harpalus herbivagus Say 
Bembidion (Notaphus) rapidum (LeConte) 
Pterostichus (Abacidus) permundus (Say) 
Dyschirius globulosus (Say) 
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Pterostichus (Abacidus) atratus (Newman) 8 6 7 21 0.48 92.65 
Amara impuncticollis (Say) 9 2 9 20 0.46 93.10 
Agonum octopunctatum (Fabricius) 6 2 9 17 0.39 93.49 
Patrobus sp. 17 0 0 17 0.39 93.88 
Clivina impressefron.~ (LeConte) 6 3 7 16 0.37 94.25 
Chlaenius (Eurydactylus) tomentosus (Say) 14 1 0 15 0.34 94.59 
Agonuln sp. 14 0 0 14 0.32 94.91 
Agonum placidum (Say) 5 5 2 12 0.27 95.19 
Scarites subterraneus Fabricius 0 2 10 12 0.27 95.46 

co 
Continued trt 

• 




Table 2. Continued co 
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3 yr. Cumulative 
in order of abundance 1994 1995 1996 Total Percent Percent 

nigriceps LeConte* 5 4 95.72 
Clivina bivustulata (Fabricius) 5 4 2 11 0.25 96.12 

affine Say 0 0 9 9 0.21 95.97 
Amara sp. 8 0 0 8 0.18 96.36 
Anisodactylus sp. 8 0 0 8 0.18 96.M 
Scarites quadriceps Chaudoir 5 3 0 8 0.18 96.72 
Amara apricaria (Paykull) 1 1 5 7 0.16 96.88 I 

--I 

mBadister notatus Haldeman 6 1 0 7 0.16 97.04 
ClColUuris pensylvanica (L.) 4 2 1 7 0.16 97.21 ;:c 
m

Microlestes pusio (LeConte) 7 0 0 7 0.16 97.37 ~ 
Elaphropus xanthopus (Dejean) 4 0 2 6 0.14 97.50 ;;
Undetermined sp. 4 2 0 6 0.14 97.64 A 

mBradycellus rupestris (Say) 4 0 1 5 0.11 97.75 U> 
mCyclotrachelus convivus (LeConte) 0 2 3 5 0.11 97.87 Z

Harpalus fulgens Csiki 2 2 1 5 0.11 97.98 --I 
0Harpalus somnulentus Dejean 2 3 0 5 0.11 98.10 3.: 

Stenolophus (Agonoderus) comma (Fabricius) 5 0 0 5 0.11 98.21 0 
Anisodactylus nigerrirnus (Dejean) 3 0 1 4 0.09 98.30 

r-

0 
Chlaenius sp. 4 0 0 4 0.09 98.40 Cl 

Ui
Harpalus (Pseudoophonus) compar LeConte 1 3 0 4 0.09 98.49 --I 

Harpalus caliginosus Wabricius) 3 1 0 4 0.09 98.58 
Loricera pilicornis (Fabricius) 2 1 1 4 0.09 98.67 
Pterostichus (Morphnosoma) stygicus 1 1 2 4 0.09 98.76 
Syntornus american us (Dejean) 0 2 2 4 0.09 98.85 ~ Amara angustata 1 1 1 3 0.07 98.92 

wAmara cupreolata (Putzeys) 0 0 3 3 0.07 98.99 w 
Calathus gregariu8 (Say) 3 0 0 3 0.07 99.06 Z
Chlaenius (BrachylobUl~) lithophilus Say 2 0 1 3 0.07 99.13 ~ 

tv 



Dicaelus elongatus Bonelli 

Platynu8 h:vpolithos (Say) 

Trechus quadristriatus (Schrank)* 

Anisodact:vlus ovularis (Casey) 

Elaphropus incurvus (Say) 

Notiophilus semistriatus Say 

Probably Harpalus sp. (teneral) 

Pterostickus (Morphnosoma) novus Straneo 

Stenolophus (Agonoderus) conjunctus (Say) 

Acupalpus pumilus Lindroth* 

Agonum melanarium Dejean 

Amara littoralis Mannerheim 

Amara lunicollis Schi!1dte 

Anisodactylus harrisii LeConte 

Bradycellus tantillus (Dejean) 

Calathus opaculus LeConte 

Chlaenius (Chlaeniellus) nemoralis Say 


obtusa (LeConte) 
Elaphropus vemicatus (Casey) 
Galeritajanus (Fabricius) 
Platynus angustatus Dejean 
Polyderis laevis (Say) 
Pterostichus (Bothriopterus) mutus (Say) 
Stenolophus (Agonoderus) rotundatus LeConte* 
Stenolophus (Stenolophus) ochropezus (Say) 
Stenolophus sp. 

Grand total 83 species 

*N ew PA record. 
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0.02 
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99.47 
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99.66 
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99.73 
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99.77 
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Table 3. Abundance ofCarabidae in Grazed Dairy Pastures in New York and Vermont in 1997. 
00 
00Cumulative 

Species arranged in order of abundance New York Vermont Total Percent Percent 

Pterostichus (Morphnosoma) melanarius Wliger) 
Carabus (Autocarabus) auratus L. * 

117 
0 

282 
310 

399 
310 

20.11 
]5.63 

20.11 
35.74 

Amara aenea (DeGeer) 130 196 326 16.43 52.17 
Bembidion (Bembidion) quadrimaculatum oppositum 95 118 213 10.74 62.90 
Clivina fossoT (L.) 24 141 165 8.;~2 71.22 
Poecilus lucublandus (Say) 59 67 126 6.35 77.57 
Agonum muelleri (Herbst) 17 35 52 2.62 80.19 
Bernbidion (Fureaeampa) mimus Hayward 
Poeeilus chalcites (Say) 

17 
2 

17 
30 

34 
32 

1.71 
1.61 

81.91 
83.52 

-l 
I 
m 

Harpalus (Pseudoophonus) pensylvanicus (DeGeer) 22 5 27 1.36 84.88 Q 
Anisodactylus sanctaecrueis (Fabricius) 9 13 22 1.11 85.99 ;;0 

m 
Harpalus rufipes (DeGeer) 0 21 21 1.06 87.05 ~ 
Agonum cupripenne (Say) 
Dyschirius globulosus (Say) 
Amara angustala (Say) 

7 
8 

13 

13 
10 

5 

20 
18 
18 

1.01 
0.91 
0.91 

88.05 
88.96 
89.87 

); 
A m 
(/) 

Bembidion (Phyla) obtusum Serville 
IIarpa.lus affinis (Schrank) 
Pterostichus (Morphnosoma) novus Straneo 

octopunctatum (Fabricius) 
(Chlaenius) sericeus sericeus (Forster) 

Loricera pilicornis (Fabricius) 
Amara lunicollis Schi0dte 

15 
9 

13 
0 
0 
7 
9 

1 
7 
0 

13 
12 
5 
2 

16 
1() 

13 
13 
12 
12 
11 

0.81 
0.81 
0.66 
0.66 
0.60 
0.60 
0.55 

90.68 
91.48 
92.14 
92.79 
93.40 
94.00 
94.56 

m 
Z 
-l 
0 
S 
0.. 
0 
Q 

Amara familiaris (DufLschmid) 7 3 10 0.50 95.06 ~ 
Chlaenius (Chlaeniellus) tricolor tricolor Dejean 4 3 7 0.35 95.41 
Amara littoralis Mannerheim 1 5 6 0.30 95.72 
Amara impuncticollis (Say) 0 5 5 0.25 95.97 
Elaphropus incurvus (Say) 
Patrobus longicornis (Say) 

0 
1 

5 
4 

5 
5 

0.25 
0.25 

96.22 
96.47 Q: 

Agonum melarwrium Dejean 0 4 4 0.20 96.67 w 
Anisodactylus rusticu.~ (Say) 4 0 4 0.20 96.88 w 

Pterostichus (Lagarus) commutabilis (Motschulsky) 0 4 4 0.20 97.08 Z 
Trechus quadristriatus (Schrank) 4 0 4 0.20 97.28 ::> 
Bradycellus nigriceps LeConte 2 1 3 0.]5 97.43 '" Carabus (Archica.rabus) nemoralis O. F. Muller 2 1 3 0.15 97.58 



Harpalus herbivagus Say 

Harpalus somnulentus Dejean 

Platynus hypolithos (Say) 

Amara cupreolata 

Blemus discus 

Elaphropus granarius (Dejean) 

Platynus angustatus Dejean 

Pterostichus (Melanius) coruinus (Dejean) 

Pterostichus (PseudomaseusJ luctuosus (Dejean) 

Pterostichus (Argutor) patruelis (DeJean) 

Pterostichus (Lagarus) vernalis (Panzer)** 

Acupalpus hydropicus (LeConte) 

Agonum affine (Kirby) 

Agonum (Europhilus) gratiosum Mannerheim 

Agonum placidum (Say) 

Amara apricaria (Paykull) 

Amara pallipes (Kirby) 

Amphasia interstitialis (Say) 

Bembidion (Furcacampa) versicolor LeConte 


kirbyi (Horn) 
gregarius (Say) 

Carabus (Homoecarabus) maeander Fischer von Waldheim 
Chlaenius (Chlaeniellus) impunctifrons Say 
Diplocheila obtusa (LeConte) 
Elaphrus olivaceus LeConte 
Harpalus erythropus 
Harpalus longicollis 
Harpalus rubripes Duftschmid 
Harpalus puncticeps (Stephens) 
Lebin fuscata (Dejean) 
Scarites subterraneus Fabricius 
Stenolophus {Agonoderus} 
Stenolophus (Stenolophusj 

a.mericanus (Dejean) 

(Say) 
(Say) 

2 1 
1 2 
3 0 
0 2 
0 2 
2 0 
2 0 
1 1 
0 2 
2 0 
0 2 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
1 0 
0 1 
1 0 
1 0 
0 1 
0 1 
0 1 
0 1 
0 1 
1 0 
0 1 
0 1 
1 0 
1 0 
1 0 
0 1 
0 1 

3 0.15 
3 0.15 
3 0.15 
2 0.10 
2 0.10 
2 0.10 
2 0.10 
2 0.10 
2 0.10 
2 0.10 
2 0.10 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 
1 0.05 

97.78 
97.88 
98.03 
98.14 
98.24 
98.34 
98.44 
98.54 
98.64 
98.74 
98.84 
98.89 
98.94 
98.99 
99.04 
99.09 
99.14 
99.19 
99.24 
99.29 
99.34 
99.40 
99.45 
99.50 
99.55 
99.60 
99.65 
99.70 
99.75 
99.80 
99.85 
99.90 
99.95 

100.00 
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Number of Species 41 618 1366 1984 

*New VT record. co 
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Table 4. Abundance of Staphylinidae in Grazed Pastures in Pennsylvania for Three Years. -0 
0 

Cumulative 
arranged in order of abundance 1994 1995 1996 Tot.al Percent Percent 

Philonthus cognatus Stephens 1181 634 462 2277 52.92 52.92 
Meronera venustula Erichson 132 253 198 583 13.55 66.47 
Amischa analis (Gravenhorstl 56 32 77 165 3.83 70.30 
Philonthus varius Gravenhorst =(carbonariusl 43 77 39 159 3.70 73.99 
Anotylus tetracarinatus (Block) 83 40 21 144 3.35 77.34 
Tachyporus nitidulus (F.) 89 9 12 110 2.56 79.90 
Stenus sp. 12 17 49 78 1.81 81.71 

-j 
I 
m

Euaesthestus sp. 3 25 42 70 1.63 83.34 
G) 
;;<;Jsphaericollis (Say) 1 57 8 66 1.53 84.87 m 

Anotylus sp. 13 8 42 63 1.46 86.34 ~ 
undeL Aleocharinae 26 17 18 61 1.42 87.75 :;
Falagria dissecta Erichson 28 11 19 58 1.35 89.10 A 

m 
(f)Trichiusa sp. 5 15 29 49 1.14 90.24 
mLordithon faciUs (Casey) 36 0 0 36 0.84 91.08 Z 

Neohypnus sp. (obscurus group) 19 4 12 35 0.81 91.89 d
TInatus sp. 10 10 2 22 0.51 92.40 S 
Mycetoporus inquisitus Casey 2 16 0 18 0.42 92.82 0 
Euaesthestus americanus Erichson 6 9 2 17 OAO 93.21 5 

G)Gyrohypnus fracticornis (Muller) 0 10 5 15 0.35 93.56 U)
Platydracus maculosus (L.) 10 4 1 15 0.35 93.91 -j 

Tachyporus jocasus Say 4 7 3 14 0.33 94.24 
Anotylus rugosus (Fabricius) 4 8 0 12 0.28 94.52 
Oxypoda sp. 4 2 6 12 0.28 94.79 
Aleochara (Xenochara) lanuginasa Gravenhorst 6 0 4 10 0.23 95.03 9:Aleochara {Kenochara} sp. 5 2 3 10 0.23 95.26 
Dinaraea sp. 9 0 0 9 0.21 95.47 w 

w 

Ephelinus notatus LeConte 2 6 1 9 0.21 95.68 Z 
Philonthus cruentatus (Gmelinl 3 6 0 9 0.21 95.89 9 

I'V 
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Astenus sp. 

Autalia rivularis (Gravenhorst) 


apaea (Gravenhorst) 
Callicerus sp. 
Philonthus sp. 
Platydracus vuZpinus Nordman 
Amischa sp. 
Bryoporus rufescens LeConte 
Neobisnius sp. 
Paederus sp. 
Scapaeus sp. 
Tachyporus jlavipennis Campbell 

sp. 
Lathrobium sp. 
Platystethus sp. 
Tachyporus canadensis Campbell 
Bryoporus testaceus LeConte 
Euplectus sp. 
Hoplandria sp. 
Mycetoporus sp. 
Mycetoporus triangulatis Campbell 
Oligota sp. 
Acrotona sp. 
Omalium sp. 
Platydracus mysticus Erichson 
Tachyporus rulomoides Campbell 
Aleochara (Coprocham) bimaculata Gravenhorst 
Aleochara lata Gravenhorst 
Carpelimus sp. 
Corproporus laevis LeConte 
Lestiva p(zllipes LeConte 

2 
4 
5 
6 
0 
4 
1 
3 
1 
0 
1 
2 
0 
2 
0 
4 
0 
4 
4 
2 
2 
4 
3 
2 
3 
1 
2 
0 
0 
0 
2 

4 
2 
2 
1 
2 
1 
3 
0 
5 
0 
3 
4 
0 
2 
4 
1 
4 
0 
0 
1 
2 
0 
0 
1 
0 
0 
0 
1 
2 
2 
0 

2 
2 
1 
0 
5 
2 
2 
3 
0 
6 
2 
0 
5 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 

8 
8 
8 
7 
7 
7 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
2 
2 
2 
2 
2 

0.19 
0.19 
0.19 
0.16 
0.16 
0.16 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.12 
0.12 
0.12 
0.12 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
0.07 
0.07 
0.07 
0.07 
0.05 
0.05 
0.05 
0.05 
0.05 

96.07 
96.26 
96.44 
96.61 
96.77 
96.93 
97.07 
97.21 
97.35 
97.49 
97.63 
97.77 
97.89 
98.00 
98.12 
98.23 
98.33 
98.42 
98.51 
98.61 
98.70 
98.79 
98.86 
98.93 
99.00 
99.07 
99.12 
99.16 
99.21 
99.26 
99.30 

(Continued) 
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Table 4. Continued. 

3 yr. Cumulative 
Species arranged in order of abundance 1994 1995 1996 Total Percent Perceni 

Lithacharis sp., pb. achracea Gravenhorst 2 0 0 2 0.05 99.35 
Olophrum sp. 0 2 0 2 0.05 99.40 
Rhexius sp. pb. insculptus LeConte 2 0 0 2 0.05 99.44 
Rugilus orbiculatus (Paykull) 2 0 0 2 0.05 99.49 
Rugilus sp. 1 0 1 2 0.05 99.54 
Stenistoderus rubripennis (LeConte) 
Tachyparus sp. 
Undetermined 
Acidota subcarinatus Erichson 

2 
2 
0 
1 

0 
0 
1 
0 

0 
0 
1 
0 

2 
2 
2 
1 

0.05 
0.05 
0.05 
0.02 

99.58 
99.63 
99.67 
99.70 

-; 
I 
m 
G) 
;u 
m 

Aleochara (Xenochara) fumata Gravenhorst 0 0 1 1 0.02 99.72 ~ 
Aleacham tristis Gravenhorst* 
Bledius sp. 
Bryoporus sp. 

1 
0 
0 

0 
0 
1 

0 
1 
0 

1 
1 
1 

0.02 
0.02 
0.02 

99.74 
99.77 
99.79 

S; 
7'\ 
m 
til 

lschnosoma sp. 
Lathrobium pallidulum (LeConte) 
Leptacinus sp. pb. intermedius Donisthorpe 

1 
1 
1 

0 
0 
0 

0 
0 
0 

1 
1 
1 

0.02 
0.02 
0.02 

99.81 
99.84 
99.86 

m 
Z 
-; 
0 
S 

Omalium riuulare Paykull 
Ontholestes cingulatus Gravenhorst. 
Rugilus dentatus 
Sunius (Fabricius) 

0 
0 
1 
1 

1 
1 
0 
0 

0 
0 
0 
0 

1 
1 
1 
1 

0.02 
0.02 
0.02 
0.02 

99.88 
99.91 
99.93 
99.95 

0 
5 
G) 
Vi-; 

Tachinus corticinus Gravenhorst 0 0 1 1 0.02 99.98 
Tachypurus inornatus Campbell 1 0 0 1 0.02 100.00 

Grand Thtal 79 species 1768 1171 1088 4027 

*New PA record. ~ 
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nae comprised 80.2% of the total. We discovered Tachinus corticinus Graven
horst for the first time in the U.S. in Vermont. It had previously only been re
ported from the St. Lawrence Valley in the Ontario and Quebec Provinces of 
Canada. We also collected A. tristis, the parasitic species mentioned earlier, 
for the first time in Vermont in 1997. 

Botanical composition of pastures. Of 13 grass species, Kentucky 
bluegrass, Poa pratensis, averaged 25% of the plant species composition in 
Pennsylvania dairy pastures over three years and orchardgrass, Dactylis 
glomerata, averaged 19%. Other grasses were tall fescue, Festuca arundi
nacea, 5.6%; quackgrass, Elytrigia repens, 4.8%; and timothy, Phleum 
pratense, 3.7%. Most other grasses and one forb (chicory, Cichorium intybus) 
were < 1% (sweetvernal grass, Anthoxanthum odoratum; smooth bromegrass, 
Bromis inermis; chess, Bromis secalinus; creeping bentgrass, Agrostris 
stolonifera var. palustris; colonial bentgrass, Agrostris tenuis; reed canary
grass, Phalaris arundinacea; slender rush, Juncus tenuis; and povertygrass, 
Danthonia spicata. White clover, Trifolium repens, was the dominant of the 
four legumes, averaging 12% of the total plant species. Red clover, Trifolium 
pratense, averaged 2.3%; alfalfa, Medicago sativa, 1.9%; and birdsfoot trefoil, 
Lotus corniculatus, < 1%. Over 12 percent of plants in pastures were 17 
species of weeds as follows: Curly dock, Rumus crisp us; prostrate pigweed, 
Amaranthus blitoides; mouse-eared chickweed, Cerastium vulgatum; tall 
buttercup, Ranunculus acris; shepherd's purse, Capsella bursa-pastoris; 
black medic, Medicago lupulina; carolina geranium, Geranium carolinianum; 
common mallow, Malva neglecta; wild carrot, Daucus carota; field bindweed, 
Convolvulus arvensis; jimsonweed, Datura stramonium; buckhorn plantain, 
Plantago lanceolata; blackseed plantain, Plantago rugelli; Canada thistle, 
Cirsium arvense; rough fleabane, Erigeron strigosus; common dandelion, 
Taraxacum officinale; and common cocklebur, Xanthium strumarium. 

The plant composition of New York and Vermont dairy pastures was 
81.3% grasses, 9.6 % legumes and 9.1% weeds. Poa pratensis averaged 47.7 
% of the plaut species in 1997 and Dactylis glomerata averaged 16.4%. Other 
grasses and percentage composition were as follows: Elytrigia repens 4.9%, 
Festuca arundinacea 4.7%, Bromis inermis 3.0 Phalaris arundinacea 
1.5%, Poa pratense 1.2% and ryegrass, Lolium perenne 0.8%. Most of the 
other forbes and grasses were less thau 1%: (Canadian bluegrass, Poa com
pressa; bentgrass, Agrostis stolonifera, Juncus tenuis, crabgrass, Digitaria 
sanguinalis; witchgrass, Panicum capillare; chicory, Cichorium intybus; and 
Danthonia spicata. Trifolium repens was the dominaut legume averaging 8.0 
% of the plant composition. Other legumes were Medicago sativa 0.9%, Tri
folium pratense 0.3%, Lotus corniculatus 0.2%, and narrow-leafed vetch, 
Vida angustifolia, 0.06%. 

Taraxacum officinale (3.75%) was the most common weed found in every 
pasture. Other weeds and their percent composition are as follows: poorjoe, 
Diodia teres, 1.1%; Cerastium vulgatum,0.9%; yellow nutsedge, Cyperus excu
lentus, 0.9%; black-seeded plantain, Plantago rugelli, 0.6%; common burdock, 
Arctium minus, 0.3%; Cirsium arvense, 0.2%; bedstraw catchweed, Gallium 
mollugo, 0.2%; Ranunculus acris 0.2%, and yellow toadflax, Linaria vulgaris, 
0.2%. The following weeds each made up less than 0.1 % of the species compo
sition: small flowered buttercup, Ranunculus arbortivus; bull thistle, Cir
sium vulgare; hop sedge, Carex lupulina; oxeye daisy, Chrysanthemum leu
canthemum; wild radish, Raphanus raphanistrum; common chickweed, 
Stella ria media; wild strawberry, Fragaria virginiana; yellow thistle, Cir
sium horridulum; yellow rocket, Barbarea vulgaris; evening primrose, 
Oenothera biennis; Amaranthus albus, common ragweed, Ambrosia artemisi
ifolia; wild carrot, Daucus carota; white heather aster, Aster pilosus; pasture 



Table 5. Abundance of Staphylinidae in Grazed Dairy Pastures in New York and Vermont in 1997. <J 
.j>.. 

Cumulative 
Species arranged in order of abundance New York Vermont Total Percent Percent 

Philonthus cognatus Stephens 90 115 145 17.20 17.20 
Philonthus varius (Gravenhorst) '" (carbonarius) 82 36 118 14.00 31.20 
Meronera venustula Erichson 80 16 96 11.39 42.59 
Amischa analis (Gravenhorst) 43 18 61 7.24 49.82 
Stenus sp. 14 31 411 5.34 55.16 

tetracarinatus (Block) 
Trichiusa sp. 

39 
80 

0 
5 

39 
85 
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thistle, Cirsium pumilum; sow thistle, Sonchus oleraceus; rough cinquefoil, 
Potentilla novegia; sulphur cinquefoil, Potentilla recta; fool's parsley, Aethusa 
cynapium; yellow wood sorrel, Oxalis stricta; and wild parsnip, Pastinaca 
sativa. 

Regression analysis of the four most abundant carabids. Grazing 
management intensity (GMI = 1 to 5 scale) had a negative effect on pitfall 
collections of four of the nine most abundant carabid species (Fig. 1). Grazing 
management had no significant effect (P < 0.05) on catches of B. q. opposi
tum" P chalcites" A. muelleri, B. mimus and P melanarius. 

Soil moisture (SM=%) had a positive effect on catches of six of nine cara
bids (Fig. 2). (Soil moisture data not shown in Fig.2 for B. obtusum and B. 
mimus because there were less than 10 in any trap). Soil moisture had no 
significant effect on catches of B. q. oppositum" P lucublandus or P mela
narius. 

Biomass (BM = yield of forage kglha) had a positive effect on catches five 
of the nine most abundant carabid species (Fig. 3). (Data not shown in Fig.3 
for P. lucublandus because there were less than 10 per trap). Biomass had no 
significant effect on catches of P chalcites, B. quadrimaculatum oppositum, 
P melanarius and A. muelleri. 

Regression analysis of the four most abundant staphylinids. Grazing 
management intensity had a negative effect on collections of two of the four 
staphylinids (Fig. 4). There was no effect of grazing intensity on M. venustula 
and P uarius. 

Soil moisture had a positive effect on catches of the two of the abundant 
staphylinids Fig. 5). Soil moisture had no significant effect on catches of M. 
uenustula and P IJarius. 

Biomass had a positive effect on catches of two staphylinid species (Fig. 
6) Biomass had no significant effect on catches of M. uenustula and P IJarius. 

DISCUSSION 

Species richness of ground and rove beetles in northeastern farms and 
paddocks indicate the pasture environment is at least as diverse as most crop 
agroecosystems. Considerably fewer species of ground beetles were found in 
soybeans, (Ferguson and McPherson 1985, 39 species), and alfalfa, (Los and 
Allen 1983, 49 species) than we found in pastures (83 species) but we sam
pled on a larger scale. Comparable numbers to what we found were collected 
by Esau and Peters (1975) in cornfields, fencerows and prairies in Iowa (94 
carabid species). Rushton et al. (1990) found 90 carabid species in grassland 
in the UK, and Luff (1990), found 59 species in a mosaic of grass and arable 
plots also in the UK. 

We found a few species to be dominant and represent most of the total 
specimens collected. In general, it is not unusual for a few species to be domi
nant and represent 80-90% of the species trapped. Ecologists have found 
most measures of species diversity to follow a log normal curve with a few 
species very abundant, most at moderate densities and the remainder rare 
(May 1975). No community consists of equal abundance of species. Instead it 
is normally the case that the majority of species are rare, while a number are 
moderately common with the remaining few being very abundant (Magurran 
1988). Evenness is known as a measure how equally abundant the species 
are. High evenness is usually equated with high diversity and vice 
versa. Therefore, our data showed low diversity of ground and rove beetles in 
traps because of low evenness. Barney and Pass (1986) found Kentucky 
alfalfa fields were rich in ground beetle species (40 species) and numbers of 
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individuals (11,895 in two years) but diversity was low in traps due to the 
overwhelming abundance of a three species (Euarthus sodalis LeConte, 
Harpalus pensyluanicus DeGeer and Amara cupreolata Putzeys). Other sur
veys of Carabidae have shown similar results. Levesque and Levesque (1995) 
found that Gyrohypnus angustatus Stephens and Tachinus corticinus 

6 
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Gravenhorst were the dominant rove beetle species from 181 taxa collected 
in rows of old and young raspberry plantations. These two species and 15 
others represented 98% of the annual catch. Morris and Rispin (1987) found 
3063 individuals of a small rove A. analis, represented 31% of the 
total beetle fauna of grassland at a in the UK. Braman and Pendley 
(1993) collected 21 ground beetle species and 16 rove beetle species with 
seven species representing 93% and 87% of the total catch at two centipede
grass turf plots in Georgia. Agonum punctiform (Say) was most abundant at 
one site and H. pensylvanicus at the other. Lester and Morrill (1989) found 
90% of 7,759 ground beetles trapped in sainfoin and alfalfa were six species: 
P. melanarius, Harpalus amputatus Say, Amara farcta LeConte, Stenolophus 
comma Fabricius, Bembidion lampros Herbst and Agonum dorsale Pontoppi
dan. Ellsbury et al. (1998) also found several dominant ground beetle species 
in several cropping systems in the northern Great Plains. Dennis et al. 
(1997) collected 36,176 ground and rove beetles of 68 species in 1993 and 
1994 from upland semi-natural grassland in the UK. Eighty four percent of 
the catch consisted of five species: Calathus melanocephalus L., Tachinus sig
natus Gravenhorst, Pterostichus madidus Fabricius, Carabus problematicus 
Herbst, and Carabus violaceus L. 

The botanical composition of northeastern U.S. pastures was di
verse with many species of forage ants and weeds. This complex mix of 

could explain the large num of carabids and staphyIinids we en
countered because the heterogeneity of pastures provides more resources for 
these insect species than perhaps would be found in more homogenous sys
tems. 

The abundance of certain ground and rove beetles were significantly cor
related with some environmental and management variables and botanical 
composition but the r-values were < 0.30 and are not meaningful. Most of the 
abundant ground and rove beetles correlated positively with plant biomass 
but r-values were < 0.13 and no conclusions were made. Soil moisture was an 
important factor in catches of P. cognatus and A. aenea, the two most abun
dant beetles. Perhaps this factor would have been as important to other 
species if more individuals of other had been collected, but very few 
individuals represented some species. weak correlations of some ground 
and rove beetles to specific plant species are unexplained. Many predators 
may be eating prey associated with a particular plant. Some species such as 
the Amara group are seed feeders (Zetto 1990). A. aenea is phytophagous and 
feeds on seeds (Johnson and Cameron 1979). Poecilus and Bembidion species 
are also phytophagous (Johnson and Cameron 1979). Other species are 
saprophytes and may be feeding on decaying plants of a particular plant 
species. Many of the rove beetles are predacious on insects associated with 
dung, but also feed on fungi associated with decaying organic matter, and 
seeds (Levesque and Levesque 1995). Other species are both predatory and 
phytophagous. P. melanarius was the most abundant predator we collected, 
but also feeds on seeds. However, P. melanarius preferred immature Hyper
odes spp. to grass seeds in the laboratory (Johnson and Cameron 1969). 
Harpalus species eat seeds but Harpalus compar LeConte act as predators 
under duress (Johnson and Cameron 1979). 

Grazing management negatively affected several carabid and two 
staphylinid species. Most of these species were more prevalent in areas of 
high biomass (ungrazed). Most species responded positively to soil moisture, 
which usually relates to areas of high biomass. If grazing management in
creases in intensity in the future these species may not be as abundant in 

The richness and abundance of Carabidae and Staphylinidae in north
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eastern U.S. indicates the ecosystem is stable and in equilibrium. 
Some species were abundant year after year in Pennsylvania and the same 
species occurred in New York and Vermont in 1997. Grazing systems in the 
Northeast may become more intensively managed in the future with greater 
inputs of improved plant species through renovation and increases in soil fer
tility. Monitoring of richness and abundance of Carabidae and Staphylinidae 
could indicate faunal associated with more intensive management in 
the future. The challenge will be to keep the insect population as diverse as 
possible to safeguard pest outbreaks common to monocultures of food 
crops. 
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EUTARSOPOLIPUS DAVIDSONI N. SP. (ACARI: PODAPOUPIDAE) FROM 

CHLAENIUS SERICEUS (COLEOPTERA: CARABIDAE) FROM INGHAM 


COUNTY, MICHIGAN, AND REDESCRIPTION OF MALE 

EUTARSOPOLIPUS REGENFUSSI 

Robert W. Husband 1 

ABSTRACT 

A new species of podapolipid mite from Michigan, Eutarsoplipus david
sani (Acari: Podapolipidae) is described, illustrated and compared with re
lated species of Eutarsapalipus in the Myzus group. Eutarsopolipus david
sani is an ectoparasite of Chlaenius sericeus (Coleoptera: Carabidae). Keys to 
genera and groups of podapolipid mite parasites of Carabidae and keys to 11 
species in the Myzus group ofEutarsopolipus are provided. The male stage of 
E. regenfussi Husband and Swihart 1986 is redescribed from specimens 
taken from the type host, Chlaenius pennsylvanicus. 

Mites in the family Podapolipidae (Acari: Tarsonemini) are highly spe
cialized ecto- and endoparasites of insects of the orders Blattaria, Or
thoptera, Heteroptera, Hymenoptera and, especially, Coleoptera. Regenfuss 
(1968) provided a pioneer study of the family Podapolipidae. Eutarsopalipus 
regenfussi Husband and Swihart 1986 was described from Chlaenius penn
sylvanicus (L.) and C. sericeus Forster collected at the University of Michigan 
Biological Station at Douglas Lake, Cheboygan County by P. W. Fattig in 
July and August 1915. The holotype of the adult female of E. regenfussi, re
moved from C. pennsylvanicus, differs from adult female Eutarsapalipus sp. 
taken from Chlaenius sericeus from the same locality. By comparison ofholo
type and associated paratypes from the same host, locality and date col
lected, it was discovered that the male of E. regenfussi illustrated in Hus
band and Swihart (1986) is not E. regenfussi but rather a new species, which 
is described here. 

METHODS AND MATERIALS 

Chlaenius pennsylvanicus and C. sericeus from various localities bor
rowed from the Carnegie Museum of Natural History, Pittsburgh, Pennsylva
nia, the Entomology Museum, Michigan State University, East Lansing, 
Michigan and the Museum of Zoology, University of Michigan, Ann Arbor, 
Michigan were examined for podapolipid mites. Type specimens of Eutar
sapalipus regenfussi from Chlaenius pennsylvanicus from the U. S. National 
Musuem of Natural History, the Museum of Zoology, University of Michigan 

IBiology Department, Adrian College, Adrian, Ml 49221, E-Mail rhusband@ 
adrian.adrian.edu. 

http:adrian.adrian.edu
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and the Zoological Institute of the University of Hamburg, Germany were ex
amined. Specimens of Eutarsopolipus sp. from Chlaenius sericeus from the 
type locality for E. regenfussi from the Zoological Institute of the University 
of Hamburg, Germany and Eutarsopolipus from Chlaenius sp. collected in 
New York were studied. The technique for removing mites from museum 
specimens is described in Husband and Dastych (1998). 

Measurements were taken with the aid of a Zeiss compound microscope 
with an ocular micrometer. All measurements are in micrometers. Setae that 
are no longer than setal sockets are listed as microsetae (m). The terminol
ogy used here follows Lindquist (1986). Often long setae are obscured, bent, 
broken or at an angle which makes measurement difficult. Setae are at least 
as long as indicated. 

Family Podapolipidae Ewing, 1922 

Genus Eutarsopolipus (Berlese 1913) 

Eutarsopolipus (Tarsopolipus) lagenaeformis (Berlese 1911) 

The genus Eutarsopolipus is characterized by: lack of femoral II, III setae 
in all instars, males with a posterior genital capsule and 3 pairs of fe
males with 3 pairs of legs, with or without genu I, II, III setae, plates and 
D with filiform setae; larval females with long setae hI, shorter adjacent 
setae hz. 

Eutarsopolipus davidsoni, new species 

Figs. 1-3 

Adult Female (Fig. 1). Gnathosoma length 36-45, width 39-53. Palp 
length cheliceral stylet length 32-35, pharynx width dorsal 
gnathosomal setae 7-11, ventral setae m, distance between ventral setae 
17-18. Stigmata and trachea evident. 

Idiosoma. Length 320-880, width 205-400. Prodorsal plate length 
62-70, width 155-165, setae VI m, V2 m-3, SC2 8-15. Distance between setae 
VI 21-30, V2 lateral to a line connecting VI and scz. Plate C divided, length 
36-45, width setae m-3, setae C2 m-3. Plate D divided, length 
26-35, width 40-60; setae d Plate EF not clear; setae e 2-3. Plate H 
length 9, width 24; setae hI 3-4. 

Venter with apodemes 1 moderately developed, meeting sternal apodeme 
medially; apodemes 2 not extending to sternal apodeme. Coxal setae thin, la 
m, 2a m, 3a m-3, 3b 3-6. 

Legs. Ambulacrum I with well developed claw, ambulacra II, III with 
small claws. Tarsus I solenidion (() 3-4. Tibia I solenidion <p 4-6, seta k 2-5. 
Tibiae I, II, III setae d 13-15, 2-3 respectively. Leg setation for femora, 
genua, tibiae and tarsi I. II. III is respectively: 2-0-7-8, 0-0-4-6, 0-0-4-5. 

Larval Female (Fig. 2). Gnathosoma length 28-37, width 24-29. Palp 
length 7-12; cheliceral stylet length 24-29, pharynx width 7-8, dorsal 
gnathosomal setae 13-19, ventral setae m, distance between ventral setae 
9-12. 

Idiosoma. Length 131-190, width 100-169. Prodorsal plate length 
43-45, width 75-79, setae VI 3-4, V2 SC2 40-42. Distance between setae 
VI 14-17, V2 lateral to a line connecting VI and SC2. Setae CI 2-4, setae C2 3-5, 
setae d 3-4. Plate EF length width 25-50; setae e 2-4. Plate H length 
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1 
Figure 1. Eutarsopolipus davidsoni n. sp., adult female. A. Dorsal aspect. B. 
Ventral (left) and dorsal aspects of proterosoma. 

11-20, width 11-15; setae hI 75, setae h2 17-25. Venter with apodemes 1 
moderately developed, meeting sternal apodeme medially; apodemes 2 not 
extending to sternal apodeme. Coxal setae thin, la m, 2a m, 3a 3-4, 3b 5-7. 

Legs. Ambulacrum I with 2 small claws 4. Ambulacra II, III without 
claws. Tarsus I solenidion co 3-4. Tibia I solenidion <p 4, seta k 2-3. Tibiae I, 
II, III setae d 45, 4-5, 5-7 respectively. Leg setation as in adult female. 

Male (Fig. 3). Gnathosoma length 28-30, width 30-32. Palp length 8-10; 
chelicera! stylet length 17-22, pharynx width 7, dorsal gnathosomal setae 
8-12, ventral setae m, distance between ventral setae 9-12. 

Idiosoma. Length 136-157, width 99-102. Prodorsal plate length 55-63, 
width 90-100, setae VI m, V2 m, SC2 25-33. Distance between setae VI 19-23, 
V2 lateral to a line connecting VI and SC2. Plates C/D fused, length CD 58-60, 
width 100-102; setae Cl m, setae C2 m, setae d m. Plate EF length 20-23, 
width 32; setae e 13-15. Plate H length 14-15, width 25-30; setae hI 240, 
setae h2 m. Venter with apodemes 1 moderately developed, meeting sternal 
apodeme medially; apodemes 2 not extending to sternal apodeme. Coxal 
setae thin, la m, 2a m, 3a m, 3b 3-5. Genital capsule length 23-25, width 20. 
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Figure 2. Eutarsopolipus davidsoni n. sp., larval female, ventral (left) and 
dorsal aspects. 

Legs. Ambulacrum I with a small claw 5-6. Ambulacra II, III without 
claws. Tarsus I solenidion ill 3-5. Tibia I solenidion <p 5, seta k 3-4. Tibiae I, 
II, III setae d 20-24, 5-6, 4-5 respectively. Leg setation as in adult female. 

Type data. Holotype 9 from Meridian Township, T4N, R1W, S4, Ingham 
County, Michigan from under the elytra of Chlaenius sericeus Forster, (Cara
bidae), 8 May 1979, collected by G. A. Dunn. Deposited in the Entomology 
Museum, Michigan State Univeristy, East Lansing, MI, U.S.A., Type No. 
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Figures 3 and 4. Eutarsopolipus davidsoni n. sp., male, ventral (left) and dor
sal apsects (3). Eutarsopolipus regenfussi Husband and Swihart, male, ven
tral (left) and dorsal aspects (4). 

RWH24699-45. Allotype, 0 (R\VH24699-46) with same data as holotype de
posited vvith the holotype. Paratypes: 1 adult '?, 3 CO, 13 larval 22, same 
data as holotype; 2 adult 22, 13 00,3 larval 22, Douglas Lake, Cheboygan 
Co., Michigan, collected 10 July 1915 by P.W. Fattig; 1 adult 2, 1 0, 1 larval 
<;2 Duncan Bay, Cheboygan Co., Michigan, collected July 1962; 1 adult 2, Port 
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Sanilac, Sanilac Co., Michlgan, collected 20 June 1966 by C. Brivio; 1 adult 
9, 2 00, 2 larval 99, Fine Lake, Barry Co., Michlgan, collected 21 May 1932; 
1 adult 9, 1 (l;, 1 larval Taquamenon Falls, Luce Co., Michigan, collected 
July 1962; 1 adult 9,10, larval 9, E. of Memphis, Macomb Co., lVlichigan, 
collected 21 April 1967; 1 adult 9, 1 larval E. of Memphis, Macomb Co., 
Michigan, collected 4 May 1963 by C. Brivio. Additional mites with same 
data as paratypes are contained in vials in the Acarology Collection, Adrian 
College, Adrian, Michigan, 49221, U.S.A. 

Deposition of types. Two larval 99 (RWH190899-11, RWH24699-47) 
with same data as holotype deposited with the holotype; 0 CRWH190899-3), 
larval 2 (RWH190899-6), same data as holotYlle, to the U. S. National Mu
seum of Natural History, Washington, D.C.; 0 (RWH190899-4), larval 
(RWH190899-8), with same data as holotype, to the Museum of Zoology, Uni
versity of Michlgan, Ann Arbor, Michigan, U.S.A.; adult 9 (RWH24699-16), 0 
(RWH190899-16), larval (RWH190899-14) to the Carnegie Museum of Nat
ural History, Pittsburgh, Pennsylvania; adult 9 (A30/I985-448), 12 0 C , lar
val ¥ (RWH190899-9) to the Zoological Institute, University of Hamburg, 
Hamburg, Germany; adult (RWH190899-2), 0 (RWHI90899-1) and larval 
9 (RWH24699-48) with same data as holotype in the Acarology Collection, 
Adrian College, Adrian, Michigan, 49221, U.S.A. The balance of type speci
mens are deposited with the holotype. 

Etymology. The species is named for Robert L. Davidson of the 
Carnegie Museum of Natural History, Pittsburgh, Pennsylvania, specialist in 
the carabid genus Chlaenius, in tribute to his cooperation in the study of po
dapolipid mites from Carabidae. 

Diagnosis. In contrast to E. regenfussi and other Eutarsopolipus spp. in 
the myzus group, adult female Eutarsopolipus davidsoni and E. latus have 
divided plates C and D and small ambulacral II, III claws. E. latus females 
are widest anterior to plates C while E. davidsoni females are elongate and 
widest at plate EF. Cheliceral stylets of E. davidsoni and E. latus are 32-35 
(Table 1). The genital of male E. davidsoni is elongate with a narrow 
distal portion in contrast to the broader genital plate of male E. regenfussi. 
Lengths of cheliceral stylets of larval females in E. davidsoni, E. regenfussi 
and E. latus are 24-29 in contrast to 37 for E. tomentosi. It is difficult to sep
arate larval Eutarsopolipus species in the lv[yzus group. 

Redescription of male Eutarsopolipus regenfussi 

Male (Fig. 4). Gnathosoma length 24, width 27. Palp length 8; cheliceral 
stylet length 18, pharynx width 5, dorsal gnathosomal setae 6, ventral setae 
m. 

Idiosoma. Length 140, width 190. Prodorsal plate length 60, width 88, 
setae VI 2, V2 3, SC2 42. Distance between setae VI 18, V2 lateral to a line con
necting VI and SC2' Setae Cl 3, C2 3, d 3 and e m. Genital capsule posterior, 
length 22, width 22, sides slightly concave. 

Venter with apodemes I moderately developed, meeting sternal apodeme 
medially; apodemes 2 not extending to sternal apodeme. Coxal setae Ia m, 
2a m, 3a m, 3b 3. 

Legs. Ambulacrum I with a small claw 5, ambulacra II, III with no 
claws. Tarsus I solenidion ii bulbous 3. Tibia I solenidion 0 3, seta k 2. Tibiae 
I, II, III setae d 28, 8, 8 respectively. 

Diagnosis. The genital capsule of E. regenfussi from Chlaenius pennsyl
vanicus is no longer than broad with a wide distal portion. The genital cap
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Table 1. Measurements of adult females of American Eutarsopolipus in the 11-1yzus 
group from carabid hosts of the genus Chlaenius spp.: E. dauidsoni. E. latus, E. regen
fussi and E. tomentosi. All measurements are in micrometers. Microsetae (m) are not 
longer than the diameter of the acetabulum. 

Character E. dauidsoni E. latus E. regenfussi E. tomentosi 

ADULT FEMALES 
Idiosomallength 320-880 250-400 210-605 233 
Idiosomal width 205-400 170-350 130-398 170 
Cheliceral stylets 32-35 32-35 43-48 46 
Pharynx width 11-15 13 13-15 21 
Setae hl 3-4 m 11-16 8 
Dorsal gnath. seta 7-11 5 15-23 7 
Femur I Z' m-3 5 10-12 3 
Tibia I d 13-15 12 28-41 24 

MALES 
Idiosomallength 136-157 144 140 154-162 
Idiosomal width 99-102 107 190 103-115 
Cheliceral stylets 17-22 21 18 22-23 
Dorsal gnath. setae 8-12 10 6 8-9 
Setae SC2 25-33 27 42 42 
Tibia I d 20-24 22 28 25 
Genit. cap. Length 23-25 21 22 19-22 
Genit. cap. Width 20 25 22 22-25 

LARVAL FE~iALES 
Idiosomallength 131--190 130-165 125-230 
Idiosomal width 100-169 93-105 88-130 
Cheliceral stylets 24-29 25--27 25-28 37 
Dorsal gnath. setae 13-19 13-17 10-12 17 
Setae hz 17-25 27-29 19-27 28 
Coxal seta 3a 3-4 3-4 4-7 7 
Femur I l' 3 4-5 2-5 m 

sule of E. davidsoni from C. sericeus is longer and has a narrower distal por
tion. 

DISCUSSION 

Dorsipes, Eutarsopolipus, Ovacarus and Regenpolipus are the four gen
era associated with the beetle family Carabidae. Mites in these genera are 
not found as parasites of other families of beetles. Regenfuss (1968) divided 
the genus Dorsipes into 3 groups: Dorsipes, Platysmae and Infiatus. He di
vided the genus Eutarsopolipus into 7 groups: Lagenaeformis, Desani, 
Myzus, Pterostichi, Biungllis, Acanthomus, and Stammeri. The genus 
Ovacarus was described by Stannard and Vaishampayan (1970) and Regen
polipus was described by Husband (1986). Husband (1996) added a primitive 
group, Ochoai and Husband and Macfarlane (1999) added Secundlls and 
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Megacheli groups. The following key is based on adult females and follows 
Regenfuss (1968) in part. 

KEY TO GENERA OF FEMALE PODAPOLIPIDAE FROM CARABID BEE
TLES AND GROUPS OF DORSlPES AND EUTARSOPOLlPUS 

1. 	 Prodorsal plate and plates C and D with filiform setae .............................. 2 

Prodorsal plate and plates C and D with thick setae, 

3-7 JIm in length ...............................................................genus Ouacarus 
2. 	 Femora II, III setae present............................................... genus Dorsipes..3 


Femora II, III setae not present ................................................................... 5 

3. 	 Setae f not present ....................................................................................... .4 


Setae f present................................................. ..................................Dorsipes 

4. 	 Ambulacral II, III claws thin, tarsus II solenidion u present.. .... Platysmae 


Ambulacral II, III claws strong. tarsus II solenidion 11 

not present..................................................................................... .Inflatus 


5. 	 Coxal setae 3a present ............................................ genus Eutarsopolipus..6 

Coxal setae 3a not present.. ........................................... genus Regenpolipus 


6. 	 Setae present on each of genua I, II, 111.......................................................7 

Setae not present on each of genua I, II, III ................................................ 9 


7. 	 Femur I seta u' present................................................................................. 8 

Femur I seta u' not present.. .............................................. ............Stammeri 


8. 	 Setae VI vestigial, setae C2 not present, no ambulacral II, 

III claws ........................................................ ..........................Acanthomus 


Setae VI prominent, setae C2 present, strong ambulacral II, 

III claws ....................................................... .....................................Ochoai 


9. 	 Genua I with setae, genua II, III without setae ........................................ 10 

Genua I, II, III without setae ......................................................................11 


10. 	Femur I seta V2 not present ........................................................... .8ecundus 

Femur I seta V2 present.. ................................................................ Megacheli 


11. 	Stigmata conspicuous .................................................................................. 12 

Stigmata not conspicuous, with strong claws (except 


E. inennis) .................................................................................. Pterostichi 

12. Ambulacra I, II, III with strong claws (except E. poecili) ......................... 13 


Ambulacra I, II, III without claws .................................................. .Biunguis 

13. 	Tarsus II solenidion (j) present.. .................................................................. 14 


Tarsus II solenidion (j) not present.. ...................................... Lagenaeformis 

14. Cheliceral stylets 62 JIm or longer (68-138) ....................................... Desani 


Cheliceral stylets less than 62 JIm (30-60) .........................................Myzus 


Eutarsopolipus dauidsoni is in the Myzus group. The group as defined by 

Regenfuss (1968) with modification for added species has the following char

acters: females with stigmata, without femur I v", without genua I, II, III 

setae, with setae hI (may be microsetae to 60 JIm), ambulacral I claw strong 

(except E. poecili), ambulacral II, III claws strong (except E. latus, E. david

soni), plates C and D not divided (except E. latus, E. davidsoni), cheliceral 

stylets 30-60 JIm, femur I seta r longer than 10).lm (except E. latus, E. 

davidsoni, E. tomentosi); males with genital capsule concave laterally, with 

weak or no ambulacral II, III claws; larval females with setae hl not widely 

separated, setae h2 15-43 )llll, with weak or no ambulacral II, III claws. 


Initially, Regenfuss (1968) included 5 species from Pterostichi spp. col
lected in Germany: E. myzus, E. abdominis, E. squamorum, E. thoracis, and 
E. poecili. E. quebecensis Husband 1998) is also from Pterostichus sp. The re
maining species are from Chlaenius spp.: E. latus Regenfuss 1974, E. cauda
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tus Regenfuss 1974, E. regenfussi Husband and Swihart 1986, E. tomoentosi 
Husband and Dastych 1999 and E. davidsoni described herein. The following 

is based in part on Regenfuss (1968). Only adult female instars are 
known for all species. 

KEY TO ADULT FEMALES OF THE 

MYZUS GROUP OF EUTARSOPOLIPUS 


1. 	 Propodosoma does not cover gnathosoma, with strong ambulacrum I claw 
........................................................................................................................ 2 

Propodosoma covers gnathosoma, without ambulacrum I claw ....E. poecili 

2. 	 Without wrinkled posterior lobes ................................................................. 3 

With wrinkled posterior lobes .................................................E. quebecensis 


3. 	 Plate C not entire .......................................................................................... 4 

Plate C entire................................................................................................. 5 


4. 	 Setae hI microsetae, femur I r 5, idiosoma widest anterior to the plane .. . 
of plate D .................................................................................. .......E. latus 

Setae hI femur I r m-3, idiosoma widest posterior to 
the plane of plate D ................................................. ...............E. dauid.<;oni 

5. 	 Idiosoma not tear-drop shape ....................................................................... 6 

Idiosoma tear-drop shaped............................................................ E. thoracis 


6. 	 Idiosoma elangate, with lateral bulges near plate C ................................... 7 

Idiosoma elongate, without lateral bulges ................................................... 9 


7. 	 Idiosoma broadest anterior to the plane of plate D ..................................... 8 

Idiosoma broadest near the plane of plate D ......................... E. squamorum 


8. 	 Idiosoma expands laterally caudal to the posterior margin 
of plate EF ....................................................................................E. myzus 

Idiosoma lateral margins parallel posterior to the posterior margin of ...... 
plate EF .............................................................................. ...E. abdominis 

9. 	 Cheliceral stylets not longer than 50 pm................................................... l0 

Cheliceral stylets longer than 50 pm (60) ..................................E. caudatus 


10. Femur I l' longer than 10 pm ....................................................E. regenfussi 

Femur I [' not longer than 5 pm ................................................E. tomentosi 


Studies of Eutarsopo[ipus spp. from Chlaenius spp. and other carabid 
hosts are in progress. Since less than 1000 of the 25,000 species of carabids 
have been examined for podapolipid mites, the potential for additional dis
coveries and increased understanding of the podapolipid mites from carabid 
beetles is promising. 
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SPERM DEPLETION AND MATING BEHAVIOR IN THE PARASITOID 
WASP SPALANGIA CAMERON! (HYMENOPTERA: PTEROMALIDAEl 

Bethio H. King 1,2 

ABSTRACT 

Mating behavior was examined in the parasitoid wasp Spalangia 
cameroni. Males attempted copulation with both virgins and already mated 
females. Males attempted copulation regardless of whether they still had 
sperm. Already mated females rejected attempts to mate again but virgin fe
males would mate 'with males regardless of whether or not they had sperm 
left. Males mated with 12-52 females before exhausting their sperm sup
plies. Males that had mated only once daily exhausted their sperm supplies 
in their late thirties (days old), if ever; and males that had mated four times 
daily exhausted their's at 7-13 days. Males produced as many as 438 daugh
ters from their first four matings. Fifty-seven percent (17 of 30) of females 
that had mated with males exhihited a decrease in proportion of 
daughters with age, presumahly as a result of sperm depletion. Whether or 
not a female depleted her sperm supplies was not related to her size or the 
total number of daughters that she had produced. 

In many insects, females store sperm. In arrhenotokous insects such as 
wasps, whether a female releases sperm to fertilize an egg generally deter
mines whether the female produces a daughter or a son. Unfertilized eggs 
develop into sons; fertilized eggs into daughters. Thus, daughter production 
requires mating and may be limited by sperm availability. Here I examine 
mating behavior and male and female sperm depletion in the parasitoid 
wasp Spalangia cameroni Perkins (Hymenoptera: Pteromalidae). 

Spalangia cameroni parasitizes the pupal of certain fly species 
(Rueda and Axtell 1985). Spalangia cameroni is a solitary species, meaning 
only one offspring completes development per host. Mating in S. cameroni 
may occur both at, and away from, the natal site (Myint and Walter 1990) 
and with no aversion to siblings (King and King 1995). Male S. cameroni 
emerge as adults with their full complement of sperm. They apparently do 
not produce sperm as adults (Gerling and Legner 1968); thus there is a po
tential for males to exhaust their sperm supplies by mating multiply. Fe
males may also exhaust their sperm supplies, particularly if they mate with 
males that have already mated. 

Sperm depletion in both sexes was assayed by recording the proportion of 
female offspring. For females, sperm depletion was assayed directly; for 
males it was assayed by following their mates. This allowed me to estimate 

IDepmtment ofBiological Sciences, Purdue University, West Lafayette, IN 47907. 
2Present address: Department of Biological Sciences, Northern Illinois University, 
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how many females a male can inseminate. Although male parasitoid wasps 
are thought to be able to inseminate a large number of females, this has been 
quantified for relatively few species. 

Information on the mating behavior of S. cameroni is relevant to sperm 
depletion. Whether females become sperm depleted will depend on whether 
they mate with sperm-depleted males and on whether males and/or females 
mate multiply. Details of mating behavior also may be useful in species dis
crimination and in determining evolutionary relationships among taxa (e.g., 
van den Assem 1974; references in Godfray 1994, p. 275). 

MATERIALS AND METHODS 

The S. cameroni (and S. endius Walker, see below) used in this study 
were from a colony established in 1985 with wasps that emerged from Musca 
domestica L. and Stomoxys calcitrans (L.) pupae collected in Indiana (King 
1990). The wasp colony was maintained at 23-28°C under continuous light, 
using M. domestica as hosts (King 1988). The colony was less than two years 
old at the time of data collection. Hosts were produced by rearing 800 mm3 of 
eggs in 1030 ml of fly larval medium (King 1988). 

Mating behavior. Descriptions of Spalangia's mating behavior are 
based on observations of newly emerged (less than one day old) pairs of one 
virgin female with one virgin male, except where noted otherwise. 

Sperm depletion in males: daily mating experiment. I tested 
whether males would exhaust their sperm supplies if they mated daily for 
life. Six males were tested, and their size and the size of the hosts from 
which they emerged are presented in Table 1. Each male was allowed to 
mate once daily (except for one male, male 4, which due to a shortage of vir
gin females, was not mated on his sixteenth day). Copulations were observed. 
In this and the next experiment, between matings, males were kept individu
ally in 1 oz. plastic cups with wet honey. Each female mate was given 14 
hosts for each of two days-the first set of hosts within 8 hours of mating and 
the second set the next day or the day after next. 

Sperm depletion in males: four-times-daily mating experiment. I 
examined the effects of daily multiple mating on male sperm supplies. Each 
of four males copulated with four females daily for life. The females were pre
sented to the males at 0900, 1100, 1300, and 1500. These 2-hour intervals 
should provide ample time for additional sperm to become available for in
semination because within 5-10 minutes of ejaculation, sperm move from the 

Table 1. Results of Daily Experiment: males' head width (mm), width (mm) of 
the host from which he tall,:a"~,,U, longevity, and number of mates that produced only 
sons from both their first second days of hosts. 

Male Head Host Days Mates That Produced 
ID Width Width Alive Only Sons 

1 0.54 2.90 34 10th-34th, except 16th, 20th and 23rd 
2 0.61 2.75 38 36th-38th 
3 0.62 2.35 11 none 
4 0.61 2.75 40 1st and 36th-4Oth 
5 0.61 2.35 38 37th, 38th 
6 0.61 2.75 40 39th, 40th 
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anterior to the posterior half of the seminal vesicles where they remain until 
copulation (Gerling and Legner 1968). Unfortunately, it was not feasible to 
give all the mated females hosts daily for life. Instead, the first and fourth fe
males of every third day were given hosts. Of these, the first and tenth day 
females, i.e., his first, fourth, thirty-seventh, and fortieth mates, were given 
14 hosts daily until the females died; the others were only given hosts for 
their first two days. For two males in this experiment, all four mates of the 
first day of mating were given 14 hosts daily for life. 

Sperm depletion in females experiment. To test for sperm depletion 
in females, I examined the relationship between maternal age and propor
tion of female offspring for 31 females. Fifteen of the females had developed 
on small hosts (about 15 mm3) and 16 on large hosts (about 24 mm3) (King 
1988). Since wasp size is positively correlated with host size (King 1988), this 
allowed me to examine the effect of female size on sperm depletion. Each fe
male was mated with a virgin male prior to being given 14 hosts daily for life 
(King 1988). The relationship between maternal age and proportion offemale 
offspring was analyzed by Pearson product moment correlation (Zar 1984), 
excluding one female that produced only sons during her life. I looked at the 
relationship for all females combined as well as females individually, because 
lumping all females together sometimes obscures trends (Rotary and Gerling 
1973). 

RESULTS 

Mating behavior: newly emerged virgin pairs. When a male de
tected a female, he walked rapidly towards her, sometimes fanning his wings 
briefly (less than 3 s). She moved away as he approached. If he caught up to 
her, he mounted her, usually from the rear. He placed his fore tarsi on her 
mesoscutum (the middle section ofthe thorax) and his hind legs on the sides 
of her abdomen. He then began tapping her head with his antennae, and the 
sides of her thorax with his middle legs. Both of his antennae moved up and 
down in synchrony. The tapping by S. cameroni males was not continuous, 
but rather was punctuated with pauses. The female raised her abdomen and 
exposed her genital aperture after about 6 s (mean == 5.7, s.e. == 0.31, n == 20). 
Her antennae usually remained extended out away from her head through
out mating. The male backed up, curled his abdomen below hers and in
serted his aedeagus into her genital aperture. In this position, he tapped her 
thorax with his antennae and her abdomen with his middle legs. 

After a copulation of about 5 s duration (mean 5.0, s.e. == 0.15, n == 21), 
the male withdrew his aedeagus and moved forward on the female to his pre
vious position. He resumed tapping her head with his antennae and her tho
rax with his middle legs. The female began to slowly lower her abdomen, 
closing her genital aperture. When it was almost completely closed, she 
began walking and stroking her hind legs up and over her abdomen, as if try
ing to dislodge the male. The male continued tapping her with his antennae 
and middle legs even as he backed off of her. The interval from mounting to 
dismounting was about 2 min (mean == 2.3, s.e. == 0.10, n == 21). 

Mating behavior: miscellaneous observations. Males mated repeat
edly and with no apparent lag time. They readily mounted, courted, and 
tried to copulate with v' . or previously mated females, even with females 
they had just successfu mated. However, when already mated females 
were mounted by males, t e females began walking and stroking their hind 
legs up and over their abdomens and did not open their genital aperture. 
Ovipositing in hosts did not result in renewed receptivity for four females 
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Table 2. Results of Mating Experiment: males' head width (mm), 
width (mm) of the host from which emerged, longevity, the mate and day on which 
he is last known to have daughters, and the lifetime number of daughters 
produced by his first, thirty-seventh, and fortieth mates combined, and the per
cent daughters from those individually. 

Last Mate and Day % Daughters 
Male Head Host Days of Successful # Daughters from Mate 
lD Width Width Alive Insemination Combined 1 4 37 40 

1 0.58 2.35 50 52nd mate on 13th day 269 38 80 32 23 

2 0.60 2.65 23 28th mate on 7th day 211 89 25 0 0 

3 0.60 2.75 14 37th mate 011 10th day 336 79 83 9 0 

4 0.60 2.85 23 28th mate on 7th day 230 78 70 0 0 

that were each given 14 hosts daily for 10 days and then exposed to a male. 
Virgin females were receptive of age (at least up to 10 days old) 
and prior exposure to hosts. They would mate ,'lith virgin males, with males 
that just mated, or with males that had mated up to 52 times (Tables 1 and 
2). Virgin females always opened their genital apertures once they had been 
mounted and courted. 

Tapping by a male seemed to be the stimulus that caused a virgin female 
to open her genital aperture. Old males within a few days of death in the 
Sperm Depletion in Males Experiments had difficulty lining up with the fe
male's genital aperture to insert the aedeagus. Mter a few seconds, the fe
male's aperture would start to close. The male then would move forward and 
tap her; she would reopen and he would continue to try to copulate. This se
quence might be repeated several times before he successfully copulated or 
her aperture closed completely. Once a female's aperture closed completely, it 
did not reopen, even if a male had never succeeded in inserting his aedeagus 
into her genital aperture. 

When two S. cameroni males were placed with one virgin conspecific fe
male, there was little male-male interaction. One occasionally tapped the 
other with his antennae, and then one or both moved away. When a male 
came upon an already mounted female, he sometimes tried to mount too. In 
only two of 54 matings observed did the second male, not the first, insert his 
aedeagus; and in one case the first male and then the second inserted before 
the female's genital aperture closed. 

Interspecific mating with S. endius is absent or at least less common 
than with conspecifics. No interspecific mating was observed between S. 
cameroni and S. endius. S. cameroni males did not mount S. endius females 
(n =7), and S. endius males did not mount S. cameroni females (n =4). 

Sperm depletion in males: daily mating experiment. Of the males 
that lived 30 days or more, all but the smallest male were able to produce 
daughters except in the few days prior to death (Table 1). The decrease in 
proportion of female accelerated rapidly in the latter part of life for 
most males (Figure 1). male one first began failing to produce 
daughters with his tenth mate, long before his death 24 days later. His fail
ure to produce daughters was not continual: after his 10th to 15th mates pro
duced no daughters, his 16th, 20th, and 23rd mates produced daughters (Table 
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Figure 1. The change in proportion of daughters with sequential mates for 
males that mated once daily. 

1). During the last days of life, males seemed to have difficulty in walking 
and did not approach or mount females as readily. Difficulty in walking and 
in inserting the did not preclude successful insemination by males, 
as evidenced by their mates producing daughters. Males in this experiment 
successfully inseminated 11-38 females in their lifetimes (mean = 28, s.e. = 
5.1). 

Sperm depletion in males: four-times-daily mating experiment. 
Sperm depletion occurred well before death (Table 2). Males # 2, 3, and 4 
stopped successfully inseminating their mates at approximately the same 
time that they began having difficulty inserting their aedeagus; male # 1 
stopped successfully inseminating his mates about two weeks before he ex
hibited difficulty. Males in this experiment successfully inseminated an esti
mated 28-52 females (mean 36, s.e. = 11.3). The actual number of females 
inseminated is unknown because not all females in this experiment were 
tested for insemination (via host presentation). 

Among females that produced at least some daughters, there was no dif
ference in offspring sex ratios between 0900 h mates and 1500 h mates (G = 
0.71, P = 0.40). Thus, generally, 1500 h mates appear not to be at any disad
vantage in terms of amount of sperm received, despite the fact that they 
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Table 3. Results of Four-Times-Daily Mating Experiment: Lifetime percent and num
ber of daughters produced by mates 1 to 4 of male 4 and male 5. 

Male 4 Male 5 

Mate % Daughters # Daughters % Daughters # Daughters 

1 89 183 78 130 
2 23 27 89 149 
3 22 25 47 59 
4 25 28 70 100 

were the fourth mate of the day. For both males whose all four first day 
mates were given hosts daily for life, all four mates produced at least some 
daughters (Table 3). 

Sperm depletion in females experiment. Females produced an aver
age of93 daughters over their lifetime (s.e. = 10, range: 0-191, n =31). There 
was a significant negative correlation between maternal age and proportion 
of female offspring for the 30 females combined (Figure 2), and on an individ
ual basis, for 57% (17 of 30) of the females examined. For only 3% (1 of 30) 
was there a significant positive correlation. The significant negative relation
ship held for equal proportions of females from small versus large hosts (7 of 
15 versus 10 of 15; G = 1.23, P = 0.27) . 
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Table 4. Results of Sperm Depletion in Females Experiment: Mean ± s.e. number of 
daughters, proportion of daughters, and head width (mm) of females that depleted 
their sperm supplies versus females that did not (t = statistic from t-test comparing 
sperm depleted and not sperm depleted females; P = significance of t-test). 

Status N 
Number of 
Daughters 

Proportion of 
Daughters 

Head 
Width 

Sperm Depleted 17 98.9 + 13.76 0.59 + 0.067 0.59 + 0.003 

Not Sperm Depleted 13 92.3 + 14.25 
t = 0.33 
P= 0.37 

0.62 + 0.084 
t = 0.33 
P= 0.37 

0.59 + 0.003 
t = 0.52 
P= 0.30 

Comparing mothers that exhibited a negative relationship between ma
ternal age and proportion of female offspring (sperm depleted) to mothers 
that exhibited no significant relationship or a positive relationship (not 
sperm depleted), there was no significant difference in either number of 
daughters or proportion of female offspring (Table 4). Females that exhibited 
sperm depletion also did not differ in size from females that did not (Table 4). 

DISCUSSION 

Mating behavior. Complete mating by S. cameroni from mount to dis
mount took about 2 min, which is longer than in another well-studied ptero
malid, Nasonia vitripennis Walker, for which "a complete mating sequence 
takes about 35 s" (van den Assem 1986, p. "1 min to go through a full 
mating" (van den Assem 1986, p. 155). However, copulation (coitus) took less 
time in S. cameroni than in two other pteromalids: about 5 s in S. cameroni 
versus about 15 s in N. vitripennis (van den Assem 1986) and 40-52 s in 
Muscidifurax (van den Assem and PoveI1973). 

Male S. cameroni appeared to be more active than females during 
courtship as may generally be true of parasitoid wasps (van den Assem 
1986). Mating in S. cameroni was similar to that reported for other pteroma
lids in terms of mounting of the male onto the female from the rear, followed 
by stimulation of the female by male leg and antennal tapping both before 
and after copulation, and female raising the abdomen to expose the genital 
aperture (reviewed in van den Assem 1986). 

Spalangia are in the subfamily Spalangiinae. The cue that male S. 
cameroni used to move back on the female to copulate differed from that re
ported for some species in the subfamily Pteromalinae (reviewed in van den 
Assem 1986). In Pteromalinae species such as Muscidifurax and N. vitripen
nis, the female draws her antennae against her head as she raises her ab
domen, and the male backs up in response to the position of her antennae 
(van den Assem and Povel 1973, van den Assem 1974). This is necessary be
cause of the male's frontal position during courtship: in N. vitripennis, the 
male's fore tarsi are on the female's head and his middle and hind legs on her 
thorax. In contrast, S. cameroni males placed their fore tarsi on the female's 
mesoscutum, and S. cameroni females kept their antennae extended as they 
opened their genital aperture. Thus, an S. cameroni male, like an S. endius 
(van denAssem 1986), can use the raising of the female's abdomen as the cue 
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to move back to copulate because his abdomen is on top of hers and thus is 
raised by hers. 

Spalangia cameroni males were polygamous but females did not appear 
to be, or certainly not to the degree that males were, as seems to be true in 
most parasitoid wasps (Ridley 1993). Among parasitoid wasps, female 
monogamy is especially prevalent in species that are solitary like S. 
cameroni, but is relatively uncommon among insects other than Hy
menoptera (Ridley 1993). Spalangia cameroni males readily attempted to 
mate with previously mated females, as also occurs in N. vitripennis and 
probably most parasitoid wasp species (van den Assem 1986), but in contrast 
to the pteromalids Cecidostiba semifascia (Walker) (van den Assem 1986) 
and mated S. endius males (personal observation). Female S. cameroni 
mated even when the male lacked sperm, as also occurs in other parasitoid 
wasp species (references in Godfray 1994). Post mating loss of receptivity in 
female S. cameroni did not require successful insemination. This contrasts 
with some other insects (reviewed in Ringo 1996), but is consistent with an
other pteromalid, N vitripennis (van den Assem 1986). 

Sperm depletion in males. The failure of S. cameroni males to transfer 
sperm successfully during copulation in the few days prior to their death in 
the Daily Mating Experiment and well before death in the Four-Times-Daily 
Mating Experiment may have occurred because of depletion of sperm sup
plies and/or because of a mechanical inability to transfer sperm through the 
aedeagus into the female's spermatheca. Failure to inseminate a female was 
sometimes temporary even when there should have been ample time for 
males to move sperm from the anterior to the posterior half of the seminal 
vesicles to make it available for insemination (Gerling and Legner 1968). De
creased proportion of female offspring with increasing male age or number of 
matings has been demonstrated in a number of species of parasitoid wasps 
besides S. cameroni, including N vitripennis (reviewed in King 1987). 

The number of females each male successfully inseminated was on the 
order of 11-52 females. If there is extreme variation in the number of mates 
per male in nature, males may encounter that many females in a lifetime. In 
a study of a poultry house in Indiana, at peak host density in the fall, the 
number of females in a single sample, a pupal trap 14 cm high by 11.4 cm di
ameter, reached 44 with 17 males present, though the average among traps 
with more than one wasp was 18.5 females (s.e. =5.9, n =6) with 9.5 males 
(s.e. =2.4, n =6) present (King unpublished). Males began to consistently fail 
to inseminate females when they were 20 to 30 days old in the Daily Mating 
Experiment versus when they were about ten days old in the Four-Times
Daily Mating Experiment. In the solitary pteromalid Anisopteromalus calan
drae (Howard), males can inseminate at least 2-23 females (Garcia Saez 
1988); and in the gregarious pteromalid N vitripennis, small males can in
seminate about 15 females and large males about 30 females (van den Assem 
1986). Diglyphus begini (Ashmead) (Eulophidae) males can inseminate at 
least as many as 30 females (Heinz 1991), and Goniozus nephantidis males 
(Muesebeck) (Bethylidae) can inseminate at least 12 females and perhaps 
more (Hardy and Cook 1995). 

A male S. cameroni could produce on the order of 100 daughters from an 
early mating, and as many as 438 daughters from his first day of four mates 
when his mates are given hosts for life (Male 5, Table 3). There was no differ
ence in proportion of female offspring produced in a day by a male's first 
mate of a day and his fourth mate, six hours later. However, when presented 
with ten females simultaneously for a day, males inseminate an average of 
nine of the females, range 5-10, with these females producing a mean of 64% 
daughters on their first day of oviposition (King and King 1994). These fe
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males do not all seem to be getting a full complement of sperm given that 
first mates, that is females that mate with virgin males, produce about 75% 
daughters (King 1994, 1996) (64% ± 2%, n =38 versus 75% ± 2%, n =114; t = 
5.5, ltP < 0.001). In another solitary pteromalid, A calandrae, males produce 
about 600-1000 daughters when allowed to inseminate 10 females sequen
tially in 12 hours (Garcia Saez 1988). In the gregarious pteromalid, N vit
ripennis, males produce about 500 daughters just from their first mate (van 
den Assem 1986). Being small does not preclude a male successfully insemi
nating females (male #1 of Table 1). 

Sperm depletion in females. The negative relationship between ma
ternal age and proportion of female offspring suggests that female S. 
cameroni experience sperm depletion, and that sperm supplies were depleted 
for about half of the females examined, despite all females having mated 
"With virgin males. That females may sometimes encounter enough hosts that 
they deplete sperm in their natural habitat seems likely given that host den-

from a single sample, a pupal trap 14 cm high by 11.4 cm diameter, 
reached into the hundreds in a study of a poultry house in Indiana. (King 
1990). A negative relationship between maternal age and proportion of fe
male offspring was also found for S. cameroni by Legner and Gerling (1967). 
In contrast, Moon et al. (1982) found no significant relationship. However, 
Moon et al. kept their wasps at higher temperatures. The reproductive 
longevity of their S. cameroni was only about 11 days versus about 30 days 
for the S. cameroni of Legner and Gerling (1967) and this study. Thus, the 
wasps may not have lived long enough for sperm depletion to occur. 

As in the present study, for most species of parasitoid wasps that have 
been examined, females produce lesser proportions of female offspring later 
in life than they do early in life, probably as a result of sperm depletion (e.g., 
references in King 1987, Perez-Lachaud and Hardy 1999). Whereas about 
50% of S. cameroni females exhibited sperm depletion, in a laboratory study 
of another parasitoid, the bethylid Cephalonomia hyalinipennis Ashmead, al
most 80% did (Perez-Lachaud and Hardy 1999). However, C. hyalinipennis 
females receive only about 46 sperm during mating with virgin males, 
whereas S. cameroni females receive at least double that (see Number of 
Daughters, Table 4). 

Both small and large S. cameroni females exhibited decreases in propor
tion of female offspring with maternal age. In Aphytis melinus DeBach 
(Aphelinidae), a negative relationship between proportion of female offspring 
and maternal age exists only for large females. In contrast to S. cameroni 
(King and King 1994), however, small A melinus females do not live as long 
as large females (Abdelrahman 1974). Thus small A melinus females may 
never become sperm limited, whereas large females may live sufficiently long 
to outlast their sperm supplies unless they remate. 

The cause of the observed variation in the relationship between propor
tion of female offspring and maternal age among female S. cameroni is not 
clear. In C. hyalinipennis, females that produce more daughters are more 
likely to become sperm depleted. However, this was not the case in S. 
cameroni. Lifetime production of daughters did not differ between mothers 
that exhibited sperm depletion and mothers that did not. Thus, there was no 
evidence that mothers that became sperm depleted had received less sperm. 
Small females might be expected to have smaller spermathecal capsules and 
thus less sperm storage capabilities. Yet head widths were not smaller for the 
mothers that exhibited sperm depletion. 



126 THE GREAT LAKES ENTOMOLOGIST Vol. 33, No.2 

ACKNOWLEDGMENTS 

I thank R. D. Howard, D. Minchella, R. ONeil, P. Waser, R. King, H. Lan
del, B. Pugesek, and J. Rasmussen for helpful comments on this manuscript. 
This research was aided by a National Science Foundation Graduate Fellow
ship. 

LITERATURE CITED 

Abdelrahman, I. 1974. Growth, development and innate capacity for increase in 
Aphytis chrysomphali Mercet and A. melinus DeBach, parasites of California red 
scale, Aonidiella aurantii (Mask.), in relation to temperature. Aust. J. Zool. 22: 
213-230. 

Antolin, M. F. and M. R. Strand. 1992. Mating system of Bracon hebetor (Hy
menoptera: Braconidae). EcoL Entomol. 17: 1-7. 

Assem, J. van den. 1974. Male courtship patterns and female receptivity signal of 
Pteromalinae (Hym., Pteromalidae), with a consideration of some evolutionary 
trends and a comment on the taxonomic position of Pachycrepoideus vindemiae. 
Neth. J. Zool. 24: 253-278. 

Assem, J. van den. 1986. Mating behaviour in parasitic wasps, pp. 137-167. In: J. K 
Waage and D. Greathead (eds.), Insect parasitoids. Academic Press, London. 

Assem, J. van den and G. D. E. Povel. 1973. Courtship behaviour of some Muscidifurax 
species (Hym., Pteromalidae): a possible example of a recently evolved ethological 
isolating mechanism. Neth. J. Zoo!. 23: 465-487. 

Garcia Saez de Nanclares, C. 1988. Sex ratio and fitness in a parasitic wasp. PhD dis
sertation, University of London. 

Gerling, D. and E. F. Legner. 1968. Developmental history and reproduction of Spalan
gia cameroni, parasite of synanthropic flies. Ann. Entomo!. Soc. Am. 61: 1436-1443. 

Godfray, H. C. J. 1994. Parasitoids. Princeton Univ. Press, Princeton, New ,Jersey. 473 
pp. 

Hardy, I. C. W. and J. M. Cook. 1995. Brood sex ratio variance, developmental mortal
ity and virginity in a gregarious parasitoid wasp. Oecologia 103: 162-169. 

Heinz, K. M. 1991. Sex-specific reproductive consequences of body size in the solitary 
ectoparasitoid Diglyphus begini. Evolution 45: 1511-1515. 

King, B. H. 1987. Offspring sex ratios in parasitoid wasps. Q. Rev. BioI. 62: 367-396. 
King, B. H. 1988. Sex ratio manipulation in response to host size by the parasitoid 

wasp Spalangia cameroni: a laboratory study. Evolution 42: 1190-1198. 
King, B. H. 1990. Interspecific differences in host (Diptera: Muscidae) size and species 

usage among parasitoid wasps (Hymenoptera: Pteromalidae) in a poultry house. En
viron. Entomol. 19: 1519-1522. 

King, B. H. 1994. Effect of host size experience on sex ratios in the parasitoid wasp 
Spalangia cameroni. Anim. Behav. 47: 815-820. 

King, B. H. 1996. Sex ratio responses to other parasitoid wasps: multiple adaptive ex
planations. Bebav. Eco!. Sociobiol. 39: 367-374. 

King, B. H. and R. B. King. 1994. Sex ratio manipulation in response to host size in the 
parasitoid wasp Spalangia cameroni: is it adaptive? Behav. Eco!. 5: 448-454. 

King, B. H. and R. B. King. 1995. Sibmating and its fitness consequences in the para
sitoid wasp Spalangia cameroni (Hymenoptera: Pteromalidael. J. Insect Behav. 8: 
723-730. 

Legner, E. F. and D. Gerling. 1967. Host-feeding and oviposition on Musca domestica 
by Spalangia cameroni, Nasonia vitripennis, and Muscidifurax raptor (Hy
menoptera: Pteromalidae) influences their longevity and fecundity. Ann. Entomol. 
Soc. Am. 60; 678-690. 

Moon, R. D., L L. Berry and J. J. Petersen. 1982. Reproduction of Spalangia cameroni 



2000 THE GREAT LAKES ENTOMOLOGIST 	 127 

Perkins (Hymenoptera: Pteromalidae) on stable fly (Diptera: Muscidae) in the labo
ratory. J. Kans. EntomoL Soc. 55: 77-85. 

Myint, W. W. and G. H. Walter. 1990. Behaviour of Spalangia cameron! males and sex 
ratio theory. Oikos 59: 163-174. 

Perez-Lachaud, G. and 1. C. W. Hardy. 1999. Reproductive biology of Cephalonomia 
hyalinipennis «Hymenoptera: Bethylidae), a native parasitoid of the coilee berry 
borer, Hypothenemus hampei (Coleoptera: Scolytidae), in Chiapas, Mexico. BioI. Con
trol 14: 152-158. 

M. 1993. Clutch size and mating frequency in parasitic Hymenoptera. Am. Nat. 

J. 1996. Sexual receptivity in insects. Ann. Rev. Entomol. 41: 473-494. 
N. and D. Gerling. 1973. The influence of some external factors upon the sex 
of Bracon hebetor Say (Hymenoptera: Braconidae). Environ. EntomoL 2: 

134-138. 
Rueda, 	L. M. and R. C. Axtell. 1985. Guide to common species of pupal parasites (Hy

menoptera: Pteromalidae) of the house fly and other muscoid flies associated with 
poultry and livestock manure. Tech. BulL 278. North Carolina Agric. Res. Serv., 
North Carolina State University, Raleigh, North Carolina. 

J. H. 1984. Biostatistical analysis, 2nd ed. Prentice Hall, Englewood Cliffs, New 
718 pp. 



2000 THE GREAT LAKES ENTOMOLOGIST 129 

NEW RECORDS OF RHOPALOSOMATIDAE 

IHYMENOPTERA: VESPOIDEAI FROM WISCONSIN 


Steven J. Krauth 

ABSTRACT 

The rhopalosomatid Olixon banksii is recorded from Wisconsin for the 
first time. 

Rhopalosomatidae is a small family of four genera and 34 species world
wide (Goulet and Huber 1993). Members of the family are widespread in the 
tropics (Hanson and Gauld 1995) but infrequently represented in North 
American institutional collections. Species of Olixon are external sac-forming 
parasitoids of Gryllidae (Orthoptera). Members of the genus are unusual in 
that brachyptery is equally developed in both sexes; they have tiny ocelli and 
are diurnal (Krombein and Hurd 1979). Olixon banksii (Brues) has been 
recorded from Arkansas, the District of Columbia, Florida, Georgia, Kansas, 
Louisiana, Maryland, Minnesota, New York, North Carolina and Ohio 
(Townes 1977, Krombein and Hurd 1979). Specimens of O. banksii were col· 
lected in Wisconsin as part of a cooperative prairie insect inventory. This 
multi-state survey is being conducted by non-government organizations and 
state agencies funded in part by the Partnerships for Wildlife Grants Pro
gram, U.S. Fish and Wildlife Service. Sampling methods emphasize low im· 
pact techniques such as sweep netting and pitfall trapping, with the limita
tions they imply (Topping and Sunderland 1992). Since Wisconsin's 
entomofauna had not been systematically inventoried, a number of unusual 
recoveries and range extensions have been discovered and will be docu
mented in future publications. The general survey of remnant prairies for in
vertebrates has resulted in unpublished faunal lists of Coleoptera, Hy
menoptera (R. Henderson, pers. corres.) and Homoptera (K. Hamilton, pers. 
corres.). 

The first Wisconsin collection record for Rhopalosomatidae was made 
using pitfall traps on the Chiwaukee Prairie in Kenosha Co., WI. The Chi
waukee Prairie is a 225-acre parcel of native wet prairie owned by the Uni
versity of Wisconsin-Parks ide and under the stewardship of The Nature Con
servancy (Hanneman 1998). This site is in the southeastern corner of 
Wisconsin, bordered by Lake Michigan on the east and the Illinois state line 
to the south. Since hosts are not rare, it is likely further careful collecting 
will yield additional distribution and seasonal information for this family. 

lDepartment of Entomology, nniversity of Wisconsin, Madison, WI, 53706. 
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RESULTS 

Material examined. WI: Kenosha Co., TIN, R23E, S29., 5 July 1999,1 
0, pitfall trap 1, W. Suter; 12 July 1999, 1 <il, pitfall trap 3, J. Walldan; 19 
July 1999, 1 0, 1 <il, north pitfall trap, J. Walldan; 30 July 1999, 1 <il, south 
pitfall trap 4, J. Walldan. 

All five specimens examined are deposited in the University of Wisconsin 
Insect Research Collection, Madison. 

ACKNOWLEDGMENTS 

Funding for this work was provided by the Partnerships for Wildlife 
Grants U.S. Fish and Wildlife Service. I thank Daniel Young and an 
anonymous reviewer for reading the manuscript and providing useful sug
gestions. I also thank Walter Suter for encouragement in submitting this 
note. 

LITERATURE CITED 

Goulet, H. and J. Huber. 1993. Hymenoptera of the World: An identification guide to 
families. Center for Land and Biological Resources Research, Ottawa, Ontario. 668 
pp. 

Hanneman, J. 1998. The Chiwaukee Prairie Page. http://www.uwp.eduJnewspub/chi
waukeelhistory.html 

Hanson, P. E. and 1. D. Gauld. 1995. The Hymenoptera of Costa Rica. Oxford Dniv. 
Press, Oxford, New York, Tokoyo. 893 pp. 

Krombein, K. V. and P. D. Hurd. 1979. Catalog of Hymenoptera in America North of 
Mexico. Smithsonian Institution Press, Washington, D.C. 2209 pp. 

Thpping, C. J. and K. D. Sunderland. 1992. Limitations to the use of pitfall traps in 
ecological studies exemplified by a study of spiders in a field of winter wheat. J. 
Appl. Ecol. 29: 485-491. 

Thwnes, H. H. 1977. A revision of the Rhopalosomatidae. Contrib. Amer. Entomol. lnst. 
15: 1-17. 

http://www.uwp.eduJnewspub/chi


2000 131THE GREAT LAKES ENTOMOLOGIST 

LIFE HISTORY OF CERATOCOMBUS VAGANS 
(HEMIPTERA: HETEROPTERA: CERATOCOMBIDAE), 

WITH NOTES ON THE IMMATURE STAGES 

John D. Lattin 1 

ABSTRACT 

The biology and life stages of Ceratocombus uagans are given together 
with distributional notes. The current systematic position of Ceratocombidae 
is reviewed. This species is one of the most generalized Hemiptera: Het
eroptera known. Its predatory habits lend credance to the idea that primitive 
Hemiptera: Heteroptera were predaceous as suggested by Stys and others. 
Ceratocombus vagans occurs in moss, leaf litter, and under loose bark. It has 
wide distribution in much of North America. 

The family Ceratocombidae as. presently known contains eight genera 
and about 50 species world-wide (Stys 1995). This author suggested that a 

many more species remain to be discovered and described, particularly 
the tropical regions of the world. Species of Ceratocombidae are small 

in under 2 mm in length-a factor contributing to obscu
rity, especially when combined with their cryptic habits in leaf-litter, rotting 
bark and mosses. Collecting is best accomplished by sifting or by the use of a 
Tullgren separator. Thes;e tiny predators are among the most 
true bugs known to us (Stys 1995); being placed in the Diposcomorpha near 
the base of the Hemintera: Heteroptera immediately above the Enicocephalo
morpha (Schuh and Stys 1991, Wheeler et al. 1993). Ceratocombus vagans 
McAtee and Malloch, originally described from Maryland and subsequently 
found throughout the eastern United States and now in Oregon and Wash
ington. • 

According to Stys (1995), there are three subgenera and about 25 de
scribed species of Ceratocombus (Signoret) known today. Only three species 
are known from Canada and the United States and Puerto Rico. Just a hand
ful of publications have appeared on Ceratocombus vagans since its descrip
tion; usually short notes recording its presence and perhaps the habitat in 
which the specimens were found (e.g. Usinger 1946 ). 

Aside from a few scattered notes, the only biological work that has been 
done on this family was that of Butler (1923) who dealt with several species 
found in England, including Ceratocombus coleoptratus (Zetterstedt). Butler 
provided an illustration and brief description of C. coleoptratus. The imma
ture stages received little attention from entomologists after Butler's work 
until Stys (1959) published a paper describing and discussing the final 
nymphal instar of Ceratocombus (Ceratocombus) coleoptratus taken from 
Sphagnum moss in South Bohemia, Czechoslovakia (also by use of a Tullgren 

nn'M,yot""ont of Entomology, Oregon State University, Corvallis, OR 97331-2907. 
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sampler). Additional information was given on the biology of this His 
careful examination and descrjptions provided the first review of nymph 
of any species. The works by Stys have provided us with a much better un
derstanding of the important systematic position this small group of bugs oc
cupies in the phylogentltic considerations of the Hemiptera: Heteroptera. The 
reader is referred to Stys (1995) for greater details and to Wheeler et al. 
(1993) for additional information on the phylogeny of the Hemiptera, includ
ing the position of the Dipsocomorpha. 

I was fortunate enough to find this tiny species in the sphagnum bogs of 
northern Michigan in the vicinity of the University of Michigan Biological 
Station at Douglas Lake (known affectionately as the "Bug Camp" for many 
decades). Most of the morphological and biological notes came from studies 
made there in summer of 1950 while a student at the Biological Station. Sub
sequently, I found it in Oregon and in samples from North Cascades National 
park at the extreme northern edge of Washington (Lattin 1997) where it was 
remarkably common in pitfall traps placed in the riparian zone of Big Beaver 
Creek. It appears therefore, that C. vagans has a boreal distribution whose 
range extends westward to the Pacific Coast. 

Systematics. Much has happened since Ceratocombus vagans was de
scribed by McAtee and Malloch (1925) with the holotype from Glen Echo, Md. 
Originally placed in the family Cryptostemmatidae by these authors, it was 
moved to the family Ceratocombidae Fieber and more recently (Henry 1988) 
to the nominate supgenus Ceratocambus (Ceratacombus) Signoret. The 
reader is referred to Stys (1995) and the section on the Euheteroptera; Dipso
coromorphayhe authored for a thorough discussion of current taxa and their 
placement. Stys recognized five families and three of these are known from 
North America (and elsewhere): Ceratocombidae, Dipsocoridae, and 
Schizopteridae. All are poorly known and although rarely collected are of 
great interest because of their phylogenetic position within the Hemiptera: 
Heteroptera. Henry (1988) cites Florida, Maryland, New York, Ontario and 
Virginia in his coverage of distribution with the added note of Panama. The 
Ontario record is from Walley (1935), the locality was Biscotasing, Ontario. 
Somewhat later, (1946) reported C. vagans from the summit of 
Brasstown Bald, (ca. 1370 m elev.) and Puerto Rico (Barber 1939, 
Usinger 1946). I have seen specimens from Arkansas (Illinois Natural His
tory Survey, INHS); Illinois (INHS); Indiana (INHS); Iowa (H.M. Harris 
ColI.); Kansas (University of Kansas, UK); Kentucky (INHS); Louisiana 
(INHS); Michigan (this study); Oregon (Oregon State University Collection, 
OSUC); Washington (North Cascades National Park Collection, NCNPC). 
Once appropriate collecting techniques are used, additional localities are cer
tain to be reported. 

Several workers have mentioned the type of habitat in which Ceratocom
bus vagans was collected. Blatchley (1926) collected C. vagans "... beneath 
vegetable debris and between roots of tufts of grass along the bay front; in 
spring taken by sweeping in low moist grounds. At the Park [Blatchley refers 
to Royal Palm Park, Fla.], it was very common in the dense hammock on de
caying leaves of royal palm and on the herbage in the everglades." Usinger 
(1946) reported taking C. vagans "... amidst loose frass beneath the bark of 
a decaying tree near the summit of Brasstown Bald, Georgia...Both 
macropterous and brachypterous specimens were very abundant on the 
ground beneath leaf mold and numerous small fruits of a fallen Sierra palm 
near the summer of El Yunque, Puerto Rico ..." Specimens have been taken 
at Lawrence, Kansas from the grass overhanging the edge of a small pond. In 
Illinois, it was taken from material gathered from under logs and from gen
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eralleaf debris on the forest floor (data from specimens from the Illinois Nat
ural History Survey). 

The Oregon specimens were collected by me from a locality near Corval
lis from leaf litter at the edge of a tiny stream in MacDonald Forest and from 
the H.J. Andrews Experimental Forest, a Long-Term Ecological Research site 
east of Eugene, Oregon in an old-growth Douglas-fir site of 6400 ha. These 
latter specimens came from litter taken at the edge of a small seep in an 
opening in the forest via a Tullgren funnel. The specimens from Washington 
were taken in the riparian zone of Big Beaver Creek in the North Cascades 
National Park via pitfall traps. 

In Michigan, this species was collected from sphagnum moss found in 
bogs, where it was restricted to the hummocks of the moss. It was also col
lected in clumps of grass and sedge around a small beach pool. In every case 
where the habitat was noted, moisture was present, a factor that seems to 
determine the habitat for C. vagans. 

METHODS 

The University of Michigan Biological Station is located on the southeast 
shore of Douglas Lake in Cheboygan County, Michigan. Several bogs are this 
area and these were visited to collect C. uagans. Mud Lake, located about 6.4 
km northeast of the Biological Station in Sec 7, Inverness Thwnship, Cheboy
gan County, Michigan, was also included in this study. Specimens had previ
ously been taken there by H. B. Hungerford, R. 1. Sailer and others. The col
lecting was confined to the sphagnum moss mat that was located on the 
southeast shore where the mat was about 30 m from the edge of the water. 
The sphagnum forms hummocks around each shrub and tree and these hum
mocks were the best collecting sites for C. vagans. Malone Lake, located 
about 15 km north of the Biological Station in Sec 11, Hebron Township, 
Cheboygan County, Michigan was another site. Here the sphagnum mat sup
ported a heavy growth of leatherleaf (Chamaedaphne calyculata (L.) 
Moench). The third locality was a small bog .8 km southeast of Stutsman
ville, Emmet County, Michigan (R6W, T36N, Sec 23 NE M). Here the sphag
num was confined to a narrow zone about 6 m from the edge of the water. 
The fourth locality was a small pond located about 9 m from the edge of the 
northwest shore of Burt Lake, Cheboygan County, Michigan (R3W, T36N, Sec 
5, SE M). Specimens were collected in the small clumps of grass and sedge 
that grew at the waters edge. The precise habitat is somewhat different from 
those found in bogs, although both habitats had moisture and some cover. 
The fifth locality was Bryant's Bog, located on the southwest shore of Dou
glas Lake, Cheboygan County, Michigan (R3W, T37N, Sec 30), where speci
mens were collected from the sphagnum moss that was found around the 
western edge of this bog lake remnant. As at Mud Lake, the hummocks 
around the trees and shrubs provided habitats for C. uagans. The final local
ity was Devil's Pond, located 305 m northwest of Bass Lake in Sec 31, Sum
mit Township, Mason County, Michigan. Here the sphagnum occurred in and 
around a mixed growth of trees and shrubs with some open areas. 

Live materiaL Specimens of C. uagans were collected by bringing in 
sacks of sphagnum moss from the bogs for examination in the laboratory. 
Field inspection of the moss was found to be unproductive. The moss was re
moved and shaken in small quantities over a piece of white paper. Specimens 
were picked up with a fine brush and placed individually in small glass 
dishes, with the specimen on a small disk of blotting paper. A small piece of 
sphagnum was placed in the dish and changed as necessary. The paper was 
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kept moist by daily application of water. Too much water killed the speci
mens if caught in the water film, or they would die if the paper dried out. 
The paper was changed every few weeks, because of the growth of fungi. The 
fungus had no apparent affect on the nymphs or adults. 

The cast skins of the nymph were removed and placed in numbered bot
tles of alcohol, keeping the exuviae of each specimen together. As adults ap
peared, they were placed with others of the opposite sex to obtain eggs. 
Later, better results were obtained if a number of males and females were 
placed in the same dish, increasing chances of mating. Pieces of sphagnum 
were present in each of the dishes to provide the necessary material for the 
deposition of the egg. When a specimen would die, it was placed in alcohol 
with any cast skin of the same individuaL Various parts of C. vagans were 
mounted on slides for further study. 

RESULTS 

General behavior. All five instars of C. vagans were collected and ob
served. Ceratocombus vagans is constantly moving, running in short, rapid 
bursts. Neither flight or jumping was observed. When stopped, it would clean 
its rostrum and antennae, using the setal combs located on the front tibiae 
(Fig. 7), sitting back on the middle and hind legs. Besides being caught in 
slightly shady habitats, it has been taken at lights in other parts of its range. 
Obviously, those adults attracted to light were macropterous rather than mi
cropterous, the usual condition. 

Feeding habits. Ceratocombus vagans is predacious in its feeding habit, 
lending credance to the fact that primitive Hemiptera: Heteroptera were 
predaceous. This was suspected from the manner in which the beak is held. 
Moreover, a 3-segmented beak, such as that of Ceratocombus, usually indi
cates predacious habits in the Hemiptera: Heteroptera. Nymphs and adults 
were supplied with a variety of organisms that were found in s um, but 
it was not until late summer that any were actually seen to . The first 
such observation was made when a female adult was seen feeding on an 
adult male. Later, other specimens were observed feeding on small mites and 
Collembola that were common in the moss. When feeding on Collembola, C. 
vagans inserted its beak between the abdominal segments, where the body 
wall was lightly sclerotized. The bug would stalk the victim, then make a sin
gle jab with its beak and immediately withdraw it. Shortly, the springtail 
would stop moving and C. uagans would again approach the victim and pro
ceed to feed. After sucking out the body juices, the victim would be aban
doned. If the predator was disturbed while feeding, it would leave but often 
would return after a short time and resume feeding, using its front legs to 
hold the victim while feeding. Afterwards, it cleaned its beak and antennae 
as described. Occasionally, this species was observed to insert the stylets into 
the sphagnum, apparently to obtain water. 

Seasonal occurrence. In Michigan, first instar nymphs were collected 
in the middle of June along with a few second instar nymphs. The first 
adults appeared towards the end of July and both late instar nymphs and 
adults were taken until the middle of August, at which time the study was 
terminated. Material studied from Illinois contained nymphs taken every 
month of the year except May, June and July, while adults were taken from 
May through October. Judging from the material from Illinois, it seems that 
there the winter is spent as a partially grown nymph. In Michigan it ap
peared that they wintered in the egg stage, since the first instar nymphs 
were taken in June and the eggs were taken during the latter part ofAugust. 
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The sphagnum mat is flooded during the spring months, producing excessive 
moisture that would be detrimental to both nymphs and adults. If the winter 
is passed in the egg stage in northern Michigan it is quite likely that the 
eggs were able to withstand this inundation without being seriously affected. 
In Illinois, where this species was collected largely in leaf mold, it is possible 
that the amount of moisture during the winter and spring months would not 
be fatal to the nymphs. Two explanations are possible-that the habitat is 
somewhat different from that found in the bogs or that hibernation occurs in 
slightly higher habitats. 

Description of life stages. Egg. Length, 0.45mm; diameter, 0.14mm. 
Form subcylindrical, elongate, ends rounded, operculum rimmed, projecting 
beyond end of egg, suture not discernable before hatching (Figs. 8a,10). 
Chorionic spines minute, solid with blunt end, peg-like, longest at opposite 
end from operculum (Fig. 8b). Sculpturing minutely hexagonal over entire 
surface (Fig. 8c). (Cobben 1968) provided a detailed description of Ceratocom
bus coleoptratus from Europe. According to him, there were no clearly de
fined aeropylar canals but there were three micropylar openings. 

The first eggs were obtained by dissecting gravid females to observe their 
size and shape. Only a single egg was found in the mature state in each of 
the egg-bearing females examined. The first deposited eggs were in the blot
ting paper on the bottom of a Stender dish with only a small circular hole to 
be seen. All that showed from above was a small circular hole. When the eggs 
were dissected out of the paper, they agreed perfectly with those dissected 
from the females. Eggs were found deposited in sphagnum at a later date 
(Fig. 9) where the deposition was confined to the terminal compact leaf clus
ters. They were inserted by means of the toothed ovipositor (Fig. 6). 
Wygodzinsky (1947, 1948, 1950) reported on the eggs found in the 
Schizopterinae (Cryptostemmatidae) closely related to the Ceratocombidae. 
He concluded that at most, only two mature eggs could be found in an adult 
(only one such individual found) whereas most specimens contained only a 
single egg. These excellent papers have many fine drawings including some 
of the nymphal instars of other species. Although the paper deals with an
other subfamily, it contains valuable information that may be applicable to 
other related taxa. 

First instar. (Fig. 1) Reddish, elongate, legs darker than body. Head tri
angular; pronotum trapezoidal, apical constriction broadly interrupted in 
middle. Abdominal segments with long setae on lateral margins and in sub
medial position. Legs and antennae setose. Rostrum 3-segmented; tarsal for
mula 1,1,1. Width of head across eyes 0.16-0.18 mm (7 individuals); length 
about 0.6 mm. Duration of instar 8 days. 

Second instar. (Fig. 2) Color as in first instar. Lateral edge of pronotum 
marginate, slight transverse impression apically. Width of head through eyes 
0.19-0.22 mm (12 individuals); length about 0.75 mm. Duration of instar 8 
days. 

Third instar. (Fig. 3) Color same as previous instars. Wing pads appear 
for first time, anterior pair slightly exceeding anterior margin of metathorax, 
posterior pair slightly exceeding anterior margin of second abdominal seg
ment. Width of head through eyes 0.23-0.28 mm (33 individuals); length 
about 0.85 mm. Duration of instar 10-14 days. 

Fourth instar. (Fig. 4) Color same as previous instars. Apical transverse 
impression of pronotum ending medially in a fovea. Anterior wing pads al
most attaining posterior margin of metathorax, posterior pair reaching ante
rior margin of third abdominal segment. Width of head through eyes 
0.29-0.30 mm (35 individuals). Length about 0.95 mm. Duration of instar 
10-14 days. 

http:0.29-0.30
http:0.23-0.28
http:0.19-0.22
http:0.16-0.18
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7 

Figures 1-7. Ceratocombus vagans nymphal stages, first instar (1), second 
instar (2), third instar (3), fourth instar (4), fifth instar (5). Figure 6. Adult 
female C. vagans, ovipositor. Figure 7. C. uagans, portion of front tibia and 
tarsus showing tibial comb and number of tarsal segments. 
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Figures 8-13. Egg of Ceratocombus vagans, top view (8a), detail of the chori
onic processes e8b), detail of egg sculpturing (8c), side view (9). Figure 10. 
Eggs in situ in leaf bud of sphagnum. Figure 11-13. Hemelytra of C. vagans, 
micropterous female (11), macropterous female (12), micropterous male (13). 
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Fifth instar. (Fig. 5) Dorsal aspect of head with sub-basal, transverse 
impression. Anterior wing pads reaching third abdominal segment, covering 
posterior pair. Width of head through eyes 0.312-0.336 mm (37 individuals); 
length ca. 1.2 mm. Duration of instar 10-14 days. Total duration of nymphal 
stadia ranged from 8-14 days in the laboratory. 

Adult. Elongate oval, female broader posteriorly. Pale to dark brown, an
tennae and legs straw-colored. Antennae 4-segmented with apical two seg
ments slender and whip-like. Beak 3-segmented and tapered. Head subtrian
gular. Pronotum with apical transverse impression broadly interrupted at 
middle; posterior margin with impressed line; a medial longitudinal im
pressed line. Macropterous form: hemelytra semi-transparent, venation dis
tinct, membrane normal in size (Fig. 12); hind wings membranous with sub
apical notch, two veins apparent. Micropterous form; hemelytra opaque, 
veins thick and indistinct, membrane reduced (Figs. 13), hemelytra meet 
in straight line down the back in male; hind wings pad-like, ovipositor 
with teeth (Fig. 6). Tarsal formula 2,2,2. Length 0.75 mm-1.75 mm, width of 
head through eyes 0.31-0.36 mm, females larger than males. 

DISCUSSION 

Ceratocombus vagans McAttee and Malloch is widely distributed, rang
ing from Canada to Panama, and New York to Kansas and in Washington 
and Oregon. In Michigan, this species was collected in hummocks of sphag
num moss under small trees and shrubs in which the moss was moist but not 
saturated or heavily shaded and in clumps of grass and sedge along the mar
gin of an old beach pool. Elsewhere, the bug has been taken from leaf litter 
on the ground and in frass under the bark of a dead tree. Moisture is one of 
the main factors that determines the habitat of this species. The males and 
females occur in macropterous and micropterous forms. 

In the laboratory, the total life cycle from egg to adult was about 2 
months. It is suggested that in northern Michigan, the insect ovenvinters in 
the egg stage but as a late instar nymph in Illinois and points south. 
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COLOR, BACTERIA, At'--ID MOSQUITO EGGS AS OVIPOSITIONAL 
ATIRACTANTS FOR AEDES AEGYPTI AND AEDES ALBOPICTUS 

(DIPTERA: CULICIDAE) 

Steven G. Pavlovich 1 and C. Lee Rockett2 

ABSTRACT 

Selected bacterial washes, color, and mosquito eggs were comparatively 
examined as ovipositional attractants for Aedes aegypti and Aedes albopictus. 
Any evidence of additive activity was noted. All colored washes alone were 
preferred over selected bacterial washes. The combinations of color and bac
teria in a single wash were better attractants for oviposition than colored 
washes alone. The bacterial content of the breeding water was a more impor
tant factor than egg presence in oviposition site selection. 

Aedes aegypti (L.) and Aedes albopictus (Skuse) are important disease 
vectors. Christophers (1960) indicated that Ae. aegypti, the yellow fever mos
quito, was probably brought to the United States during colonization through 
shipping trade with the Old World. Aedes albopictus, the Asian tiger mos
quito, is a major vector of dengue in many parts of the world. Aedes albopic
tus, a relative newcomer to the United States, was initially found in Texas in 
1985 (Sprenger and Wuithiranyagool1986) and is now well established in nu
merous states. 

Knowledge pertaining to mosquito oviposition behavior is useful in con
trolling mosquitoes and the diseases they vector. Bates (1949) noted that fac
tors such as water movement, temperature, chemical composition, and back
ground color of water can all influence mosquito oviposition behavior. Sites 
high in organic matter have been reported to be effective attractants to 
ovipositing females (Ritchie and Johnson 1991). Bacteria and their metabo
lites are thought to be essential components in the attractiveness of an ovipo
sitional medium (Wilton 1968). Workers such as Maw (1970), Ikeshoji et al. 
(1975), and Benzon and Apperson (1988) have noted the role of specific bacte
rial species and their metabolites as ovipositional attractants. Steelman and 
Colmer (1970) compared two coliform bacteria (Escherichia coli (Migula) and 
Enterobacter aerogenes Hormaeche and Edwards) commonly found in pol
luted waters and reported that E. coli was the better ovipositional attractant. 
Rockett (1987) compared numerous bacterial species (with their metabolites) 
in mosquito breeding waters as potential attractants for Culex pipiens L. He 
found that Pseudomonas maltophilia Hugh was selected more frequently 
than any of the other tested bacteria or distilled water controls. In a similar 

lMosquito Control, Inc., 659 Leson Court, Harvey, LA 70058 
2Department of Biological Sciences, Bowling Green State University, Bowling 

Green, OH 43403 
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work utilizing Ae. aegypti, Hasselschwert and Rockett (1988) noted that this 
species appeared to display discriminatory behavior in selecting oviposition 
sites with different bacterial species. The presence of Pseudomonas aerugi
nosa (Schroeter) and Bacillus cereus Frankland and Frankland were re
ported to be effective ovipositional attractants. Several other bacterial 
species and distilled water alone were significantly less effective in promot
ing oviposition. 

Colored ovipositional substrates or containers have been used by numer
ous authors to examine the role of color as an ovipositional attractant. Bates 
(1940) examined the use of background color as an ovipositional attractant in 
Anopheles atroparvus van Thiel by placing different colored papers (black, 
yellow, and white) in the bottom of ovipositional pans. He found that the 
sites with black paper were most frequently selected by ovipositing mosqui
toes. Gubler (1971) placed clear glass egg traps over circular discs of black, 
brown, or white paper and determined that the black background was pre
ferred by two Aedes species: Ae. albopictus and Aedes polynesiensis Marks. 
Frank (1985) compared white, green, blue, and black, artificial bromeliad 
flower ovipositional sites and reported that Ae. aegypti was most attracted to 
the black artificial flowers. However, in the same study, Frank found that 
two Wyeomyia species reacted very differently than Ae. aegypti and tended to 
oviposit in the white and green artificial bromeliads; the black bromeliads re
ceived less than one percent of the total eggs deposited. Muir et al. (1992) 
stated that "much of the literature on the behavioral responses ofAe. aegypti 
to visual stimuli is contradictory." 

In addition to bacteria and color, the immature stages of mosquitoes have 
also been noted as being effective ovipositional attractants. Bentley et al. (1976) 
noted that conspecific larvae are effective ovipositional attractants. Ahmadi 
and McClelland (1983) found that gravid Ochlerotatus (formerly Aedes genus) 
sierrensis (Ludlow) preferred larval water over distilled water and was most 
attracted to tree-hole water, rich in organics. Reisen and Meyer (1990) and An
dreadis (1977) noted that Culex tarsal is (Coquillett) and Culex salinarius (Co
quillett) respectively, had an affinity for ovipositing in conspecific pupal wa
ters. Starratt and Osgood (1972) reported that the glyceryl esters offatty acids 
were responsible for egg attractiveness in Cx. tarsalis. In working with Ae. ae
gypti, Hasselschwert and Rockett (1988) indicated that egg homogenate 
washes (ground mosquito eggs and distilled water) were not preferred when 
compared to the wash of the favorable bacterium, B. cereus. 

The major purpose of this work was to further identify and compare, bac
teria, color, and egg washes as ovipositional attractants for two congeneric 
mosquito species, Ae. aegypti and Ae. albopictus. An additional objective was 
to look for any evidence of additive activity when attractants were combined. 
Isoe and Millar (1995) noted that considerable confusion has arisen with re
gards to the terms "attraction" and "stimulation" in the context of clues pro
moting mosquito oviposition. Recognizing a distinction between the two 
terms, volatile chemical cues serve as attractants and act over a determined 
distance; contact chemicals stimulate oviposition following initial attraction. 
Excluding a few screened experiments in this work, no attempt was made to 
separate "attractants" from "stimulants". In this paper, the inclusive term 
"attractant" is used. 

MATERIALS AND METHODS 

Colonies of Ae. aegypti and Ae. albopictus were maintained in the labora
tory. Eggs were hatched in aged tap water that had been deoxygenated by 
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bubbling nitrogen gas through the water for 15 min. Larvae were subse
quently raised on a mixture of brewers yeast and ground dog food in 15 x 15 
x 30 cm plastic containers which were half full with water. Adult mosquitoes 
were kept in 40 x 40 x 80 cm screen cages at 27C, 80% relative humidity, and 
a photoperiod of 16L:8D. Adults were maintained, between blood meals, on 
cotton balls soaked with 10% sucrose. Prior to blood feeding, approximately 
100 female mosquitoes per cage were starved for 24 h in order to maximize 
blood feeding on a restrained, hairless, laboratory rat. Feeding was allowed 
to continue for approximately 3 h. Larval containers and sucrose solutions 
were removed from the cages within 24 h after blood feeding in order to elim
inate any error that could result from extra ovipositional sites. 

Oviposition substrates (washes) were prepared by using 400 ml wide
mouthed beakers. A piece of muslin cloth (4 x 12 cm) was draped over 
the beaker lip and secured with a paper clip. Approximately 200 ml of dis
tilled water was added to each beaker which subsequently moistened the 
cloth. Bacterial colonies were added to the washes by swabbing previously in
oculated petri plates with a sterile cotton swab. A spectrophotometer (Bausch 
and Lomb Spectronic 20) was then used to standardize the concentration of 
each replicate bacterial wash. Due to differences in bacterial growth, only in
dividual experiments were standardized to the same transmittance levels. 
For color comparison experiments, 0.1 ml odorless food dye (black, blue, 
green, orange, red, or yellow) was added to the wash. In experiments utiliz
ing egg homogenates, approximately 250 mosquito eggs (same species) were 
crushed with a mortar and pestle and then added to the wash. 

Approximately 48 h after blood feeding, egg homogenate, bacterial, 
and/or food dye washes were placed in the mosquito cages. White back
grounds were used for all experiments. Either two or six oviposition choices 
were provided in each cage. For experiments only two oviposition sites, 
a single wash was placed on either end of the cage. With six ovipositional 
choices, the containers were spaced in a row from one end of the cage to the 
other. Positioning of oviposition sites was randomized between replicates. 
Mosquitoes were not normally restricted from contacting the ovipositional 
media. Only in the experiments testing for a tactile response effect were 
screens placed 1 cm over the wash media. In most experiments using color, 
photoperiod was adjusted to 24L:OD. However, in experiments attempting to 
show that the preference of individual dye colors was due to visual cues and 
not olfactory stimuli, the photoperiod was adjusted to OL:24D. 

After 24 h, the washes were removed from the cages and the number of 
eggs appearing on each muslin cloth were counted with a dissecting micro
scope. The egg number associated with each wash was used to statistically 
determine site attractiveness for Ae. aegypti and Ae. albopictu8. In all experi
ments containing single comparisons, statistical analysis was done by using 
a Log-Likelihood Ratio (Zar 1984). Multiple comparisons of color were ana
lyzed by using a one-way ANOVA CZar 1984). Probabilities s: 0.05 were noted 
as being significant. 

Individual experiments involving both Ae. aegypti and Ae. albopictu8 
were conducted. Basic procedures for all experiments were similar; any vari
ations were noted. As previous studies such as Frank (1985), Gubler (1971), 
and Dhileepan (1997) have noted, it was anticipated that both study species 
would be more attracted to dark colors such as black and red than to lighter 
colors. However, to better understand and "control" the role that color plays 
in selection of an oviposition site for the specific populations used in this 
study, separate sets of three different experiments for both Ae. aegypti and 
Ae. albopictu8 were conducted utilizing food washes as ovipositional at
tractants. A fourth experiment, involving only aegypti, examined a possi
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ble synergistic effect by combining food dye and bacterial washes. Three 
replicates were done for each experiment. 

Color comparison experiments. Expt. 1. Black, blue, green, orange, 
red, and yellow food dye washes (24L:OD) were directly compared to deter
mine which were the better ovipositional attractants. 

Expt. 2. A direct comparison between black, blue, green, orange, red, and 
yellow food dye washes was done for both species in complete darkness 
(OL:24D). This experiment was conducted to determine if odors associated 
with the dyes were attractive in the absence of color reflection. The door of 
the environmental chamber was sealed from the outside with duct to in
sure the total absence of light. Three replicates were done for each mosquito 
species. 

Expt. 3. Black, blue, green, orange, red, and yellow food dye washes were 
each compared separately to washes of B. cereus. This comparison was done 
in order to determine whether an "effective" bacterial attractant or colored 
media is the favored ovipositional attractant for the two of mosqui
toes. Light transmittance for all the B. cereus washes was set at 65% trans
mittance (24L:OD). 

Expt. 4. Washes of B. cereus, E. coli, and P. aeruginosa, each containing 
red food dye (the best attractant of the true colors tested), were separately 
compared to red food dye alone. Light transmittance for B. cereus, E. coli, 
and P. aeruginosa was 65, 75, and 65%, respectively. 

Bacterial wash experiments. A series of eight experiments "'.....:UUU!lH!;; 

bacterial washes as ovipositional attractants for Ae. albopictus were con
ducted in order to directly compare the results to a previous work done with 
the congeneric Ae. aegypti (Hasselschwert and Rockett 1988). The major em
phasis was to compare similarities and differences in the discriminating ef
fects exerted by the specific bacterial washes for the two mosquito species. 
Specific reasons for one bacterial species and their metabolites being a better 
stimulant for oviposition than another species were not examined. 

Expt. 1. Four replicates of E. coli and B. cereus washes were compared. 
Transmittance values varied between replicates but were standardized 
within each replicate at 65, 65, 75, and 75%, respectively. 

Expt. 2. Three replicate comparisons of B. cereus and P. aeruginosa 
washes were performed with a constant light transmittance of 65%. 

Expt. 3. Three replicate comparisons of P. aeruginosa and E. coli were 
done with a constant light transmittance of 65%. 

Expt. 4. The congeneric bacteria B. cereus and Bacillus subtilis Ehren
berg were compared. Transmittance values for the three replicates were 65, 
75, and 75%. 

Expt. 5. Washes (three replicates at 65% transmittance) of two congener
ics, B. cereus and Bacillus thuringiensis Berliner were compared. 

Expt. 6. Washes of Staphylococcus epidermidis (Winslow & Winslow) and 
E. aerogenes (three replicates at 75% transmittance) were examined. 

Expt. 7. A comparison between washes of Bacillus cereus (all 65% trans
mittance) and washes of Ae. aegypti egg homogenate was conducted with 
three replicates. 

Expt. 8. Three replicate comparisons of B. cereus and E. aerogenes were 
done; all with a light transmittance of 75%. 

Mosquito egg homogenate wash experiments. Experiments (3 repli
cates each) were conducted to compare the ovipositional attractiveness of 
mosquito egg homogenates by the two congeneric species. 

Expt. 1. For both species, a direct comparison of Ae. aegypti and Ae. al
bop ictus egg homogenate washes was made to determine if the two mosquito 
species would select for ovipositional purposes, its own eggs from the other. 
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Approximately 250 eggs of each species were crushed and added to each of 
the two washes which were subsequently placed in individual cages ofAe. ae
gypti and Ae. albopictus. 

Expt. 2. For Ae. albopictus only, a B. cereus wash and a wash of Ae. al
bop ictus egg homogenate were placed in a single cage. This experiment was 
done to determine whether a attractive bacterial wash or egg wash was pre
ferred. All B. cereus washes were at 65% transmittance. This experiment was 
not conducted for Ae. aegypti because it had already been performed by Has
selschwert and Rockett (1988). 

Expt. 3. rfhe same procedure was used as described in (l) above except 
that each wash, in addition to eggs, had B. cereus added to them. This was 
done to test for any "masking" effects for the specific egg homogenates. The 
washes ofB. cereus were standardized at 65% transmittance. 

Screened wash experiments. To separate suspected olfactory and/or 
visual responses from possible tactile responses in ovipositional site selec
tion, two experiments (Ae. aegypti only) were done utilizing screened washes 
(24L:OD). It should be emphasized that only the screened experiments would 
absolutely separate olfactory attractants from tactile stimuli. We predomi
nately use the word "attractant" for the non-screened experiments involving 
bacterial washes realizing that both stimuli may playa role in site selection. 
A metal window screen was placed 1 cm above the ovipositional media and 
secured to the beaker with hooks. The mosquitoes were prevented from by
passing the screening by a metal barrier around its base. 

Expt. 1. A three replicate comparison of screened E. coli and B. cereus 
was performed. Light transmittance of all bacterial washes were 75%. 

Expt. 2. 'fhree replicate comparisons of screened B. cereus and red food 
dye were performed. All B. cereus washes had a light transmittance of 65%. 

RESULTS 

Color comparisons. Expt. 1 (Table 1). In comparing black, blue, 
green, orange, red, and yellow food dyes in the presence of light, a significant 
difference in egg deposition (p < 0.014 for Ae. aegypti and p < 0.001 for Ae. al
bopictus) resulted. Egg counts were unevenly distributed among the colors 
tested. Total egg counts for Ae. aegypti were black (33.3%), red (22.7%), or
ange (19.6%), blue (10.7%), green (9.7%), and yellow (4.0%). Total egg counts 
for Ae. albopictus were black (52.1%), red (19.0%), orange (17.7%), yellow 
(5.3%), blue (3.9%), and green (1.9%). 

Expt. 2 (Table 1). The comparisons between black, blue, green, orange, 
red, and yellow food dyes in the absence of light resulted in a non-significant 
difference (p < 0.786) in degree of egg deposition for both species of mosqui
toes. 

Expt. 3 (Table 2). In the separate comparisons between B. cereus and 
food dyes (black, blue, green, orange, red, yellow), each food dye wash was 
significantly (p < 0.001) chosen over the B. cereus wash by both species of 
mosquitoes.

Expt. 4 (Table 3). The ovipositional experiment comparing washes of B. 
cereus, E. coli, and P. aeruginosa with red food dye to washes containing only 
red food dye resulted in a significant difference (p < 0.001) for all replicates 
with Ae. aegypti. The red dye with bacteria was consistently preferred over 
food dye alone. 

Bacterial wash experiments. Expt. 1 (Table 4). In comparing B. 
cereus and E. coli washes, a significant difference (p < 0.001) in relative at
tractiveness of each trial resulted. Contrary to work done on Ae. aegypti 
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Table 1. Color comparison Experiments 1 and 2. A comparison of different colors as 
ovipositional attractants for Aedes aegypti and Aedes albopictus. 

Expt. 1: Food Dye Comparisons for Egg Counts CIllumination)l 

Black Blue Green 

Egg Counts 1btal Egg Counts Total Egg Counts Total 


Ae. aegypti 653,301,491 = 1445 132,215,118 465 170,28,221 = 419 
Ae. albopictus 675,824,682 = 2181 56,25,83 164 7,52,20 =79 

Orange Red Yellow 
Egg Counts Total Egg Counts Total Egg Counts Total 

Ae. aegypti 424,132,292 =848 511,263,211 = 985 5,102,68 175 
Ae. albopictus 232,140,371 = 743 201,171,425 797 128,71,25 224 

Expt. 2: Food Dye Comparisons for Egg Counts (No Illumination)2 

Black Blue Green 

Egg Counts Total Egg Counts Total Egg Counts Total 


Ae. aegypti 
Ae. albopictus 

132,45,141 
95,68,258 

=318 
=421 

114,62,77 
49,101,64 

=253 
= 214 

119,23,88 
70,123,197 

230 
390 

Ae. aegypti 
Ae. albopictus 

Orange Red Yellow 
Egg Counts Total Egg Counts Total Egg Counts Total 

--------~~--------------~~-----------
98,11,105 =214 79,49,97 225 165,40,121 =326 
96,91,432 619 41,175,316 == 532 63,167,225 455 

lComparisons were shown to be statistically significant based on a one way Analysis of 

Variance (p < .01). 

2Comparisons were not significantly different from one another (p < .786) based on a 

one way Analysis of Variance. 


(Hasselschwert and Rockett 1988), E. coli washes were the more commonly 
selected ovipositional medium for Ae. albopictus. Individual egg count repli
cates for E. coli were 219, 107, 184, and 202; B. cereus replicates were 114, 4, 
20, and 34. 

Expt. 2 (Table 4). The comparisons between P. aeruginosa and B. cereus 
resulted in a significant difference (p < 0.001) for each replicate. P. aerugi
nosa was a significantly better ovipositional attractant than B. cereus. P. 
aeruginosa egg counts were 443, 152, and 66; B. cereus counts were 265, 61, 
and 32. 

Expt. 3 (Table 4). Comparisons of P. aeruginosa and E. coli washes 
yielded a high degree of selection differences (p < 0.001) for each replicate 
with P. aeruginosa being the favored attractant. Egg counts for P. aeruginosa 
were 148, 89, and 517. Counts for E. coli were 37, 44, and 401. 

Expt. 4 (Table 4). In each congeneric bacterial comparison of B. cereus 
and B. subtilis, a significant difference (p < 0.001) was noted. B. cereus was 
the favored ovipositional wash. Egg counts for B. cereus were 365, 220, and 
873. Counts for B. subtilis were 208, 99, and 617. 

Expt. 5 (Table 4). Washes of B. cereus were selected (p < 0.001) over 
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Table 2. Color comparison Experiment 3. Comparison of different colors (columns on 
left) versus Bacillus cereus washes (columns on right) as ovipositional attractants for 
Aedes aegypti and Aedes albopictus. l 

Black compared to B. cereus wash 

Egg Counts Total Egg Counts Total 

Ae. aegypti 
Ae. albopictus 

952,1401,594 
238,236,627 

2947 
=1101 

99,289,41 
124,41,126 

=429 
=291 

Blue compared to B. cereus wash 

Ae. aegypti 
Ae albopictus 

921,1256,2409 
911,540,911 

=4586 
= 2362 

272,218,625 
493,207,390 

= 1115 
= 1090 

Green compared to B. cereus wash 

Ae. aegypti 
Ae. albopictus 

302,1141,197 
88,225,467 

1640 
780 

183,463,24 
11,62,216 

670 
289 

Orange compared to B. cereus wash 

Ae. aegypti 
Ae. albopictus 

627,932,1471 
196,467,691 

= 3030 
= 1354 

321,409,683 
42,124,250 

=1413 
=416 

Red compared to B. cereus wash 

Ae. aegypti 
Ae. albopictus 

419,488,741 
833,72,791 

= 1648 
= 1696 

91,95,198 
128,5,243 

384 
=376 

Yellow compared to B. cereus wash 

Ae. aegypti 
Ae. albopictus 

401,709,465 
104,437,355 

= 1575 
896 

97,189,147 
24,221,189 

=433 
=434 

lEach comparison was shown to be statistically different using a log-likelihod ratio 
(p;<; .00l). 

washes of the toxic bacterium, B. thuringiensis. Egg counts for B. cereus were 
144, 138, and 360. Counts for B. thuringiensis were 97, 47, and 6L 

Expt. 6 (Table 4). Each comparison of S. epidermidis and E. aerogenes 
resulted in a significant difference (p < 0.001) in degree of egg deposition. S. 
epidermidis had egg counts of 218, 468, and 386 while E. aerogenes was 
38, and 183. 

Expt. 7 (Table 4). In comparing washes of Ae. aegypti egg homogenate 
and B. cereus, a significant difference (p < 0.001) in relative preference was 
observed. B. cereus was a significantly better ovipositional attractant than 
the egg homogenate wash. Egg counts for B. cereus were 162, 293, and 361; 
counts for Ae. aegypti egg homogenate were 47,132, and 239. 

Expt. 8 (Table 4). Each trial comparison of B. cereus and E. aerogenes 
resulted in a significant difference (p < 0.001) with B. cereus being the most 
commonly selected. Counts were 397, 361, and 221 for B. cereus and 328, 
182, and 94 for E. aerogenes. 
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Table 3. Color comparison Experiment 4. Comparison of red color alone versus a red
colored bacterial wash of Bacillus cereus, Escherichia coli and Pseudomonas aerugi
nosa as ovipositional attractants for Aedes aegypti.l 

Red Dye Alone Red Dye with Bacteria 

Egg Counts Total Egg Counts Total 

258,403,173 834 593,11069,321 =1983 (B. cereus) 
39,190,116 345 264,403,200 = 867 (E. coli) 
81,206,47 334 623,778,352 = 1753 (P. aeruginosa) 

lEach comparison was shown to be statistically significant using a log-likelihood ratio 
(p ~ .001). 

Table 4. Bacterial wash Experiments 1-8. Comparison of selected bacteria as oviposi
tional attractants for Aedes albopictus.1 

Total Egg 
Expt. Reps. Bacterial Species Count Bacterial Species 

1 4 Escherichia coli 712 Bacillus cereus 172 

2 3 Pseudomonas aeruginosa 661 Bacillus cereus 358 

3 3 Pseudomonas aeruginosa 754 Escherichia coli 482 

4 3 Bacillus cereus 1458 Bacillus subtilis 924 

5 3 Bacillus cereus 642 Bacillus thuringiensis 205 

6 3 Staphylococcus epidermis 1072 Enterobacter aerogenes 332 

7 3 Bacillus cereus 816 [Aedes aegypti egg 


homogenate] 418 
8 3 Bacillus cereus 979 Enterobacter aerogenes 604 

lEach comparison was shown to be significant using a log-likehood ratio (p :s; .001). 

Comparisons of egg homogenate and bacterial washe combina
tions for Ae. aegypti and Ae. albopictu8 (Table 5). Expt. la. In the com
parison between Ae. aegypti egg homogenate and Ae. albopictus egg ho
mogenate, a significant difference (p < 0.001) was noted for Ae. aegypti 
mosquitoes. Aedes egg homogenate was preferred over Ae. albopictus 
(egg counts of 602, and 482 versus Ae. albopictus counts of 142,251, and 
169). 

Expt. Ib (Table 5). When Ae. af!gypti egg washes were set against Ae. 
albopictus egg washes Ae. albopictus mosquitoes, Ae. albopictus 
were preferred (p < 0.001) all trials using Ae. albopictus mosquitoes. 
albopictus egg counts were 356, 377, and 411. Ae. aegypti counts were 89, 
195, and 164. 

Expt. 2 (Table 5). In comparing each replicate of B. cereus and Ae. al
bop ictus egg homogenate washes for Ae. albopictus mosquitoes, a significant 
difference (p < 0.001) was noted. B. cereus was favored when compared to Ae. 
albopictus egg washes. Individual replicate counts for B. cereus were 555, 
387, and 170; counts for Ae. albopictus egg washes were 149, 101, and 34. 

Expt. 3a (Table 5). Aedes aegypti egg homogenate with B. cereus was a 
significantly (p < 0.001) better ovipositional attractant than Ae. albopictus 
egg homogenate with B. cereus for Ae. aegypti mosquitoes. Individual counts 
for Ae. aegypti egg homogenate with B. cereus were 572, 723, and 418; counts 
for Ae. albopictus egg homogenate with B. cereus were 147,290, and 71. 
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Table 5. Experiments 1-3: Comparison of egg homogenate and bacterial wash combi
nations as ovipositional attractants for Aedes aegypti and Aedes albopictus.1 

Egg Egg 
Expt.2 Adults Tested Wash Components 'Thtal Wash Total 

la Ae. aegypti Ae. aegypti eggs 1519 Ae. albopictus eggs 562 

b Ae. albopictus Ae. albopictus eggs 1144 Ae. aegypti 448 

2 Ae. albopictus Ae. albopictus eggs 284 Bacillus cereus 1112 

3a Ae. aegypti Ae. aegypti with 1713 Ae. albopictus with 508 
Bacillus cereus Bacillus cereus 

b Ae. albopictus Ae. albopictus with 1625 Ae. aegypti with 520 
Bacillus cereus Bacillus cereus 

lEach experimental comparison was shown to be significant using a log-likehood ratio 

(p .001). 

2Three replicates per experiment. 


Expt. 3b (Table 5). With Ae. albopictus, its own egg washes combined 
with B. cereus were significantly better attractants (p > 0.001) than the mix
ture of Ae. aegypti eggs with B. cereus. Counts for Ae. albopictus egg and B. 
cereus were 640, 482, and 503. Counts for Ae. aegypti egg with B. cereus were 
191, 265, and 64. 

DISCUSSION 

The results of this work further support the idea that a variety of com
plex biological, chemical, and physical factors are utilized in oviposition site 
selection by mosquitoes. 

As expected from earlier literature reports, both species displayed signifi
cant differences in the relative attractiveness to different colors. Dhileepan 
(1997) noted that black and red were the most preferred colors for oviposition 
of Culex annulirostris Skuse and Culex molestus Forskal, whereas yellow and 
green were the least preferred colors. With black and red being the most pre
ferred colors, and yellow and green being among the least preferred, color 
preference results of this study on Ae. aegypti and Ae. albopictus confirmed 
Dhileepan's (1997) results. In studying the vision responses of Ae. aegypti, 
Muir et al.(1992) noted a preference for black and red. They further men
tioned that this species is unable to see red and would actually see this color 
as black. 

While previous studies have indicated the use of colored or bacterial 
washes as ovipositional attractants for mosquitoes, the selection of color ver
sus washes of specific bacterial species has not been extensively compared 
with each other. 'l'he color of ovipositional media may not be considered to be 
a factor in site selection because of the time of day mosquito species are lay
ing their eggs. Hazard et al. (1967) indicated that optical cues were probably 
not a factor in their experiments with mosquitoes because most of the ovipo
sition occurred at night. It should be noted that according to Christophers 
(1960), Ae. aegypti has a peak in oviposition during late afternoon. The con
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generic Ae. albopictus has been shown to be an aggressive daytime feeder 
and certain colored substrates for oviposition (Novak 1992). 

our study, the combination of color and bacteria in a single wash ap
peared to function as a better ovipositional attractant when compared to 
washes of only colored media. It was expected that the use of an "attractive" 
bacterial wash would increase oviposition, but it was unknown whether or 
not a "non-attractive" bacterial wash would have an additive effect on the 
colored wash. In an earlier work (Hasselschwert and Rockett 1988), E. coli 
was noted as being a poor attractant for Ae. aegypti oviposition. Although 
mosquitoes rarely exhibit an "all or nothing" effect, Hasselschwert and Rock
ett (1988) found that in some ovipositional comparisons, E. coli washes 
yielded no resultant eggs. In the current experiments with Ae. aegypti, all of 
the bacterial combinations with red food dye, including E. coli, had higher 
egg totals than washes with red food dye alone. Preliminary results would in
dicate a reinforced effect occurring when attractive colors are mixed with 
even poor bacterial washes. Surprisingly, all colored washes alone were pre
ferred over plain bacterial washes. Even the lesser favored colors, such as 
yellow and green, had a higher percentage of egg deposition than any of the 
bacterial washes alone. From these investigations which were conducted in 
relatively small cages, it would appear that optical stimuli from apparently 
odorless substrates (dyes) is more important than stimuli from bacterial 
washes in promoting oviposition by gravid Ae. aegypti and Ae. albopictus. In 
a limited comparison of vision and olfaction with Ae. aegypti, O'Gower (1963) 
noted that black, clean washes were preferred for oviposition when compared 
with gray, polluted (organic rich) washes. Possibly, this type of behavior is 
common to numerous mosquitoes other than the selected Aedes species. With 
Ae. aegypti and Ae. albopictus, the observed behavior pattern of ovipositing 
more commonly in color than bacterial washes may simply result from in
creased visual over olfactory perception. Even though our work was done in 
small it is possible that the bacterial washes are still limited in their 
volatility ability to evoke responses in mosquitoes. Bidlingmayer (1994), 
in studying the visual responses of mosquitoes, noted that visual cues are 
more important than olfactory cues in some attraction flights. He further 
mentioned that the role of odor is reduced to short range and probably used 
to evaluate the suitability of an oviposition site rather than location of stimu
lus. In these searches, odor detection would follow and not precede visual ori
entation. It is also possible that the time of mosquito feeding prior to oviposi
tion is important in site selection. Isoe and Millar (1987) observed that 
starved, but not sugar fed mosquitoes, laid more egg rafts in Bermuda grass 
infusions than black dyed water. The authors suggested that the starved 
mosquitoes were more sensitive to chemical cues than sugar fed mosquitoes. 
Our knowledge of culicid sensory physiology is still very rudimentary and ad
ditional work is needed to fully understand this process. 

Hasselschwert and Rockett (1988) successfully utilized eight bacterial 
species in discriminatory studies for Ae. aegypti. Oviposition sites high in 
bacterial content provide needed food. Benson and Apperson (1988) indicated 
that the survival rates of larvae might increase if adult mosquitoes have the 
ability to discriminate among habitats, based on bacterial content. Has
selschwert and Rockett (1988) reported that P. aeruginosa and B. cereus were 
good ovipositional attractants for Ae. aegypti and that bacteria such as E. coli 
were not as effective. In the current study, B. cereus and P. aeruginosa were 
again compared to E. coli utilizing Ae. albopictus. As in the work of Has
selschwert and Rockett (1988), P. aeruginosa was a better ovipositional at
tractant than E. coli or B. cereus for Ae. albopictus. Numerous other similari
ties existed when comparing bacterial washes as ovipositional attractants for 
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Ae. albopictus and Ae. aegypti. For both mosquito species, B. cereus was pre
ferred over B. subtilis, B. thuringiensis, E. aerogenes, and Ae. aegypti egg ho
mogenate. Also, both mosquito species preferred S. epidermidis over E. aero
genes. In comparing Ae. aegypti (Hasselschwert and Rockett 1988) with Ae. 
albopictus in the current study, one notable difference existed. In the Ae. al
bop ictus multi-replicate comparisons between B. cereus and E. coli; E. coli 
was the better ovipositional attractant. Escherichia coli is a common bacter
ial species in water and the authors are at a loss to explain why washes with 
E. coli were not a good ovipositional attractant for Ae. aegypti, but were for 
Ae. albopictus. Additional work is needed in comparing these two bacterial 
washes with the two Aedes mosquitoes. Works such as Rockett (1987) and 
Steelman and Colmer (1970) did find E. coli to be an effective attractant for 
Cx. pipiens. Other studies have indicated that congeneric mosquitoes may ex
hibit similar oviposition behaviors. Gubler (1971) reported that Ae. albopic
tus and Ae. polynesiensis Marks had only slight differences in ovipositional 
habits. While Frank (1985) noted striking differences between the oviposition 
behavior of some Wyeomyia, Aedes, and Culex species, he found that the con
generics Wy. vanduzeei Dyer & Knab and Wy. mitchellii (Theobald) had very 
similar ovipositional habits. SinceAe. aegypti andAe. albopictus have similar 
feeding patterns, breeding sites, and even vector some of the same diseases 
such as dengue and filariasis, it does not seem surprising that these two 
mosquito species display numerous similarities in oviposition behavior. 

In these experiments, Ae. aegypti and Ae. albopictus were both found to 
have the ability to distinguish their own eggs from the other. Even when bac
teria were added to the egg wash, both mosquito species could still distin
guish and be drawn to their own eggs for ovipositional purposes. Ahmadi and 
McClelland (1983) concluded that mosquito-produced attractants were favor
able for adult ovipositing Aedes females. Possibly, pheromone production by 
immature mosquitoes provides physiological cues indicating that the site is 
suitable for subsequent egg development. Davis and Bowen (1994) reported 
that "to date" only Culex quinquefasciatus (Say) is known to produce a 
pheromone from its egg raft that attracts conspecific gravid females. They 
further stated that most of the attractive compounds isolated from oviposi
tion sites appear to be bacterial or fungal metabolites. Millar et al. (1994) re
ported that attempts to demonstrate that conspecific rafts influenced Cx. 
quinquefasciatus oviposition failed to elicit responses gravid females. 
While additional research on the role of eggs as ovipositional attractants for 
mosquitoes is needed, other ovipositional attractants may be better in com
parison. Rockett and Hasselschwert (1988) found that Ae. aegypti preferred 
to oviposit in washes containing B. cereus when compared to their own egg 
washes. In this current study, Ae. albopictus also chose selected bacterial 
washes over their own egg washes. Although both Ae. aegypti and Ae. al
bopictus display discriminatory behavior in selecting their own egg washes, 
it would appear that at least for some bacterial species, the bacterial content 
of the breeding water is a more important factor than egg presence in ovipo
sition site selection. 

The screened media experiments indicated that Ae. aegypti mosquitoes 
do not have to rely on tactile or contact senses in selecting an oviposition site. 
It should be emphasized that only the screened experiment would absolutely 
separate olfactoryfrom . Ie contact stimuli. The results of the "screened" 
media experiments pro ced similar results to previous unscreened experi
ments done in this work and by Hasselschwert and Rockett (1988). Hazard et 
al. (1967) noted similar results for ex. quinquefasciatus usi.ng screened olfac
tometers as described by Gouck and Schreck (1965). They found that hay in
fusions were still preferred over both distilled water and bacterial washes 
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containing E. aerogenes. In using Ae. aegypti, O'Gower (1963) indicated that 
screened experiments with manure infusions obtained the same results as 
non-screened work. It is probable that tactile stimuli plays a part in the final 
selection of an oviposition site for many mosquito species, but initial attrac
tion by visual and olfactory stimuli are sufficient to promote oviposition if 
contact is Dot possible. 

Additional investigations concerning the role of color, bacteria, and other 
ovipositional cues are warranted. Continued laboratory investigations are re
quired to address the specific metabolites produced by attractive bacterial 
species. Field trials examining color, bacteria, and egg attractants need to be 
conducted to better understand the ovipositional behavior of these mosqui
toes in their natural habitat. The utilization of ovipositional attractants as 
"lures" has a role in future mosquito pest management techniques. 
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NEW MICHIGAN TICK (ACARI: IXODIDAE) AND FLEA (SIPHONAPTERA: 
CERATOPHYLLIDAE) RECORDS FROM COLONIAL NESTING BIRDS 

William C. Scharfl 

ABSTRACT 

Banding and censusing large numbers of gull chicks over a 30-year pe
riod on Great Lakes islands has produced a collection of five individual ticks 
from two Herring Gull (Larus argentatus) chicks. The tick species, Hema
physalis ieporispalustris, found on the gulls is commonly found on Snowshoe 
Hares (Lepus americanus). Although this represents an apparently uncom
mon record on Herring Gulls, this host could be an important source of aerial 
vector dispersal during regular cyclic hare/tick population peaks. Populations 
of the flea, Ceratophyllus lari, have increased rapidly in ground nesting 
Double-crested Cormorant (Phalacrocorax auritus) colonies from none 16 
years ago. The possibilities of disease transmission by both of these 
hematophagus ectoparasites are assessed with evidence from the literature. 
The tick and flea distributions reported here are new host records, and the 
flea is a new species record for Michigan. 

The foHowing tick and flea distribution studies in Michigan and its Great 
Lakes islands were consulted to confirm the data reported here: Lawrence et 
al. 1965, Wilson and Johnson 1971, Scharf and Stewart 1980, Scharf et al. 
1990, Scharf 1991, 1998; Scharf and Lederle 1998 and Walker et al. 1998. 
The goal of this paper is to further the knowledge of distribution records of 
ticks and fleas and their hosts from Michigan. Secondarily, I point out possi
ble transmission of disease to newly reported Michigan hosts by their re
cently noted ectoparasite vectors. 

MATERIALS AND METHODS 

I collected ticks and fleas opportunistically by examining nestlings and 
fecal nest debris during banding and census operations of at least 30,000 
gulls and 10,000 cormorants on islands spanning all of the Michigan Great 
Lakes between 1968 to present (for list of sites visited see Scharf and 
Shugart 1998 and Scharf 1998). The specimens accounted for here were col
lected from bird colonies on islands in Leelanau and Charlevoix counties. 

Ticks were picked up with forceps or an alcohol wetted finger. Fleas were 
sampled by gathering small amounts of fecal nest debris in a plastic bag, and 
later sorting it in a white porcelain dish. All ticks and fleas were stored in 
70% ethanol, and later cleared and mounted in Canada Balsam on glass 

IDepartment of Biological Science, Lake Superior State University, Sault Ste. 
Marie, MI 49783. 
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slides for microscopic identification. Ticks were identified using Sonenshine 
(1979). Tick slides are vouchered with specimens deposited in the National 
Tick Collection at Georgia Southern University. Flea specimens were identi
fied using Holland (1951). Flea slides are vouchered with specimens de
posited in the University of Manitoba Entomology Collection. Bird names are 
according to the American Ornithologists' Union Checklist (1998). Mammal 
names are according to Jones et al. (1992). 

RESULTS 

ACARI: IXODIDAE 

Haemaphysalis leporispalustris (Packard), Herring Gull, Larus ar
gentatus Pontoppidan nestlings (2), High Island, Charlevoix County, MI, 45° 
44'N, 85° 38'W, 1 nymph, 5 larvae, 18 ,June 1977, (NEW MICHIGAN HOST). 

SIPHONAPTERA: CERATOPHYLLIDAE 

Ceratophyllus lari Holland, from fecal debris at nests of Double-crested 
Cormorant, Phalacrocorax auritus (Lesson), with eggs, Bellows Island, Lee
lanau County, MI, 45° 06'N, 850 34'W, 20' 0',4 ¥¥, 14 April 1997, and 360' 0', 
67 ¥¥, 20 April 1999, (NEW MICHIGAN FLEA and NEW MICHIGAN 
HOST). 

DISCUSSION 

Ticks. Hemaphysalis leporispalustris is a 3-host tick with adults nor
mally restricted to lagomorphs. Sonenshine and Stout (1970) report 40 
species of birds as hosts of immature stages of this tick in Virginia. However, 
I found no records of this species from birds in the family Laridae (gulls and 
terns). Pierotti and Good (1994) report Ixodes spp. ticks from Herring Gull 
chicks. 

Green et al. (1943) reported an average of 5,000 ticks of this species per 
Snowshoe Hare during cyclic population highs in Minnesota. Severe tick in
festations of Snowshoe Hares, similar to the Minnesota records, are fre
quently found on Lake Michigan islands (Scharf unpubl. notes and photos). 
Scavenging adult gulls could easily acquire questing immature ticks by feed
ing on an infested dead hare carcass and then passing the ticks when feeding 
their nestlings. 

The date of collection reported here for 4 larvae are contrary to the activ
ity phenology of larvae ofH. leporispalustris in Virginia, where temperatures 
are higher and seasons longer (Sonenshine and Stout 1970). There, no larvae 
were found between May and September. Nymphs peaked in late spring 
there, but continued at low levels through the summer months, which could 
be consistent with this report. 

Although no evidence of disease transmission exists for Hemaphysalis 
leporispalustris infesting Herring Gulls in Michigan,the tick is involved in 
the transmission of Rocky Mountain spotted fever and tularemia among 
wildlife (Sonenshine 1979), and has been shown to carry the Lyme disease 
pathogen, Borrelia burgdorferi ,Johnson, Schmidt, Hyde, Steigerwalt and 
Brenner (Rand et aL 1998). The latter pathogen would only be important to 
humans to the extent that other species of human-biting ticks shared the 
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same hosts. Additionally, seven tick-borne viruses are known from the 
holoarctic Herring Gull (Nuttall 1984). 

Fleas. Double-crested Cormorants began a re-colonization of the upper 
Great Lakes in the early 19808 after near extirpation (Scharf and Shugart 
1981). By 1984, J. P. Ludwig (pers. comm.) began to notice blood-speckled 
feet and eggs where large numbers of fleas had been feeding on the cor
morants as they incubated their eggs. This was especially evident at sites 
where ground nesting became the predominant nest substrate. Ground nest
ing became necessary due to tree death from fecal phytotoxicity of burgeon
ing numbers of cormorants (Scharf and Shugart 1998). Newcastle disease, a 
paramyxovirus, found in blood, but usually transmitted by inhalation of viral 
infected fecal material, causes paralysis which has killed thousands of cor
morants (Glaser et aL 1999, Kuiken et aL 1999). It has also spread from cor
morants to domestic poultry in North Dakota (Heckert et al. 1996). It re
mains to be proven whether blood-to-blood contact caused by C. lari feeding 
may help spread the virus from bird-to-bird, or whether the bite lesions offer 
a portal for fecal virus invasion. 

No systematic quantification of the number of fleas per nest (est. size of 
nests, 0.50-1.2 m3 and 10-15 kg) has yet been attempted. Anecdotal flea den
sity in cormorant nests in the collection from 20 April 1999 amounted to 
three hands-full of fecal debris (from three nests incidental to banding neigh
boring Herring Gulls) from which more than 103 fleas were collected. No lar
vae or pupae were observed. Ambient temperature was about 80 C, and many 
fleas began to copulate, perhaps stimulated by additional warmth of the 
black plastic bag used to transport the fecal debris. Whether the approximate 
sex ratio observed as 65F:35M, from the 103 fleas slide mounted, is main
tained awaits future collections. 

Holland (1951) described C. lari from collections of gull nests (either L. 
argentatus or the California Gull, L. californicus Lawrence) on Whaleback Is
land, Great Slave Lake, NWT, Canada. Previously, a si female identified 
as C. lari by T. Galloway (pers. comm.) was collected D. V. Weseloh at 
Cone Island in Lake Superior near Thunder Bay, Ontario from a Double
crested Cormorant nest. However, Hatch and Weseloh (1999), in their North 
American account of the Double-crested Cormorant, cite Easton's (1982) 
record of Ceratophyllus niger Fox as the only siphonapteran parasite for 
Double-crested Cormorants, and Hobson (1997) records Ceratophyllus pele
cani Augustson for the Pelagic Cormorant (P. pelagicus Pallus). From draw
ings and descriptions in the literature, all three flea species appear very sim
ilar. T. Galloway (pers. comm.), who also identified my specimens as C. lari, 
cites the larger frontal tubercle of C. lari, and a very short vexillum in males 
compared to those of C. niger. Female C. lari have greatly enlarged abdomi
nal spiracles. Further, C. niger and C. pelecani have western distributions, 
and C. lari is from distinctly eastern and Great Lakes localities. 
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WISCONSIN CYDI'lIDAE (HEMIPTERA: HETEROPTERAl 

Andrew H. Williams1 

ABSTRACT 

Notes on 17 species of Wisconsin Cydnidae taken from specimens in the 
University of Wisconsin-Madison Insect Research Collection are included in 
this faunal list. Genera include Amnestus, Corimelaena, Cydnoides, Gal
gupha, Melanaethes, Microporus, Tominotus and Sehirus. 

Froeschner (1988a, b), in a Nearctic catalog, included Wisconsin records 
for only three species of Cydnidae (sensu Schuh and Slater 1995). These 
three species are marked with an asterisk in the following list of 17 Wiscon
sin Cydnidae, with data taken from specimens in the University of 
Wisconsin-Madison Insect Research Collection (IRC). Specimens in the IRC 
were determined using keys in Slater and Baranowski (1978) and then keys 
in Froeschner (1960) and McPherson (1982). All data presented are from 
adults. To assure perfect correlation with individual specimens and to avoid 
any possible misconstruction, plant names are presented as they appear on 
specimen labels. 

Subfamily Amnestinae 

Genus Amnestus 

A. basidentatus Froeschner. Six specimens: late May-23 October; 
1946 -1999; Dane, Jackson and Kenosha Co. Two specimens were found in 
native prairie sod on 6 September and 23 October. Others were collected 
from late May through 10 August from alfalfa, in a light trap hung on an elm 
tree and in an unbaited Lindgren funnel in oak/pine forest. 

A. pallidus Zimmer. Fourteen specimens: 15 April-29 September; 
1920-1999; Dane, Grant, Iowa, Jackson, Jefferson, Kenosha, Oconto, Rock 
and Sauk Co. Specimens were collected from grassy litter of native prairie, 
from alfalfa and from tall grass. Others were swept in native prairie, were 
sifted from soil and grass and were found in Berlese samples of grassy soil 
and of mossy soil. One was collected in an unbaited Lindgren funnel in 
oak/pine forest in late summer. 

A. spinifrons (Say). One specimen: 9 September 1981; Dane County. 

IDepartment of Entomology, University of Wisconsin, Madison, "TI, 53706. 
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Subfamily Corimelaeninae 

Genus Corimelaena 

C. alpina (McAtee & Malloch). One specimen: 30 August 1977; Wood 
County. 

C. lateralis (Fabricius). Forty-one specimens: 27 May-19 September; 
1915-1999: Columbia, Dane, Grant, Green, Jefferson, Kenosha, Marquette, 
Rock, Sauk, Vernon, Walworth, Waukesha, Waushara and Winnebago Co. 
Specimens were taken from the forest floor, from oak, on bottle gentian, on 
spearment [sic]. Some were swept in prairie dropseed, in Spartina pectinata, 
others in dry-mesic, mesic, wet-mesic and wet prairies. Others were nectar
ing on flowers or mating, feeding or resting on developing fruits of Zizia 
aurea. Others were mating among developing fruits of Zizia aptera, or rest
ing among flowers of Pastinica sativa, or feeding on developing fruits of Oxy
polis rigidior. Times of collection range from 1100-1800 h. 

C. obscura McPherson & Sailer. Two specimens: 27 May 1999; 
Waushara County. A male and a female were collected at a site where the col
lector also took C. lateralis on the same day. 

C. pulicaria (Germar). One hundred seventy-four specimens: 17 
May-7 October; 1912-1999; Brown, Columbia, Crawford, Dane, Douglas, 
Eau Claire, Grant, Green, Green Lake, Iowa, ,Jefferson, Lafayette, Mar
quette, Monroe, Outagamie, Pierce, Rock, Sauk, Vilas, Walworth, Waukesha, 
Waupaca, Winnebago and Wood Co. Specimens were swept from a weedy 
cranberry marsh, from marshland, from a fen, from an old field, from prairie 
dropseed, from lawn, and from prairies described as low, dry, mesic and 
sandy. Others were collected on Coreopsis, on dill, on goldenrod, on mint, on 
Quercus alba, on Ranunculus, on shooting-star, on sweet clover, on weeds, 
from tall grasses, from the forest floor, from the floor of an oak opening and 
from beneath dry dog feces in a sandy open area. Others were taken on flow
ers' of Apocynum cannabinum, Asclepias incarnata, bee balm, Coreopsis 
palmata, Daucus carota, Eupatorium perfoliatum, Parthenium integrifolium, 
Pycnanthemum uirginianum and Spiraea alba. One was collected on sand 
under debris on a Lake Superior beach on 10 June. Times of collection range 
from 0900-1500 h. 

Genus Cydnoides 

C. ciliatus (Uhler). Three specimens: 22 July 1977; Grant County. 

Genus Galgupha 

G. aterrima Malloch*. Thirteen specimens: 6 June-l October; 
1916-1996; Dane, Juneau, Lafayette, Manitowoc, Richland, Sheboygan, 
Waukesha and Wood Co. One specimen was taken at light, another from 
under leaf litter in a sand blow. One was caught as it flew around in a sand 
blow. A fourth was swept in mesic prairie. 

G. atra Amyot & Serville*. Twenty-two specimens: 19 April-27 Sep
tember; 1913-1998; Columbia, Dane, Grant, Green, Iowa,Jefferson, Juneau, 
Oconto, Pierce, Richland, Walworth, Washington and Wood Co. The specimen 
collected on 19 April was found under a rock, perhaps where this individual 
was spending the winter. The next date of collection is 18 May. Specimens 
were taken from Fraxinus nigra, from the forest floor, in tall grass and 
among flowers of Monarda fistulosa. Some were swept in prairie dropseed in 
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dry-mesic prairie, others were swept in mesic prairie. The only recorded time 
of collection is 1500 h. 

G. nitiduloides (Wolff). Sixteen specimens: 24 June-23 October; 
1913-1999; Clark, Dane, Eau Claire, ,Juneau, Milwaukee, Monroe, Richland 
and Wood Co. Specimens were swept in a field and in dry sandy prairie. Oth
ers were taken in oak/jack pine underbrush. 

G. ovalis Hussey. Seven specimens: 29 July-26 September; 1914-1998; 
Columbia, Dane, Dunn, Iowa, Pierce and Sauk Co. One specimen was swept 
in dry-mesic prairie, another on a hill prairie, and another in sand prairie. 

Subfamily Cydninae 

Genus Melanaethes 

M. pensylvanicus (Signoret). Four specimens: 11-20 June 1996; Dane 
and Iowa Counties. One specimen was swept, another was taken in a yellow 
pan trap. [Author note: All four sites are hill prairies.] 

M. robustus Uhler. One specimen: 19 October 2000; Green Co. This 
specimen was found in leaf litter near a fallen tree in "southern mesic hard
wood forest" ofAbraham's Woods State Natural Area. 

Genus Microporus 

M. obliquus Uhler. Three specimens: 24 April-19 May 1999; Grant and 
Monroe Counties. One specimen was found under a board on sand; another 
was collected by hand off foliage at the edge of a sand quarry. [Author note: 
All specimens come from very sandy sites.] 

Genus Tominotus 

T. communis (Uhler). One specimen: 15 July 1981; Dane County. 

Subfamily Sehirinae 

I 

Genus Sehirus 


S. cinctus (Palisot de Beauvois)*. Forty-four specimens: 4 May-30 
September; 1917-1995; BayfIeld, Chippewa, Columbia, Dane, Dunn, Iowa, 
,Jefferson, Juneau, Kenosha, Oconto, Polk, Price, Rock and Wood Co. Speci
mens were collected on Prunus flowers, from alfalfa, from cranberry and 
from the forest floor. Some were swept in native prairie and in old field vege
tation. Others were caught in Malaise and light traps. The specimens col
lected on 30 September were from under bark of a rotten log and in a rotten 
elm log where these individuals may have taken refuge for the winter. The 
next earlier date of collection is 12 September. 
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