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1998 THE GREAT LAKES ENTOM01.0GIST 

A MODIFICATION OF THE BIOTIC INDEX OF 

ORGANIC STREAM POLLUTION TO REMEDY PROBLEMS 


AND PERMIT ITS USE THROUGHOUT THE YEAR 1 


William l. Hilsenhoff2 

ABSTRACT 

The biotic index of the arthropod fauna of streams is modified by limiting 
to ten the number of individuals in each taxon used in its calculation. This 
redu~s detrimental effects on the index of certain fairly tolerant taxa in 
clean streams, effects of a few tolerant taxa in somewhat polluted streams, 
and the effect of our inability to identify larvae in some insect genera to 
species. It also greatly reduces seasonal variability, allowing use of the biotic 
index throughout the year with only a minimal decrease in the sensitivity of 
the index during the summer months. The EPl' index was highly variable 
and exhibited seasonal variation in most of the streams. 

Because previous experience suggested that stream arthropod communi
ties can be readily recognized in the field by their dominant genera, I initi
ated a study in June 1972 to develop a rapid, objective method for evaluating 
water quality by relating it to the arthropod community structure as recog
nized by dominant genera (Hilsenhoff 1977). Twenty-nine Wisconsin streams 
that were presumed to be undisturbed by human activities were sampled in 
late June, early September, and November, 1972, and early May, 1973. 
Twenty-four streams with known sources of pollution were similarly sampled 
from June 1973 through May 1974. These 53 diverse streams were selected 
to be representative of streams throughout Wisconsin. Samples were col
lected with a D-f.rame net from riffles and with artificial substrate samplers 
(Hilsenhoff 1969) from runs or deep rimes. Contents of the net or sampler 
were placed in a shallow pan with water, and live arthropods were removed 
for 20 minutes; no more than 25 individuals of dominant genera were re
moved for inclusion in each sample, which averaged 120 arthropods. Results 
(Hilsenhoff 1977) revealed that classification of streams by their arthropod 
communities was not possible because 52 different community structures ex
isted among the 53 study streams. Samples were therefore evaluated with a 
diversity index (Wilhm and Dorris 1968, Weber 1973) and with a modifica
tion of the biotic index (Chutter 1972) that used only arthropods. The diver
sity index was ineffective and rejected because it evaluatea many pristine 
streams as being polluted because oflow diversity. The biotic index, however, 
worked very well, and a biotic index (BI) based on a collection of 100+ in
sects, amphipods, and isopods from a rime, or from a run or a snag in rapid 

lResearch supported by the College of A4¢cultural and Life Sciences, University 
ofWisconain-Madison, and by Hatch Research Project 2785. 

2Department ofEntomology, University ofWisconain, Madison, WI 53706. 
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current if no riffle was present, was proposed (Hilsenhoff 1977). Each arthro
pod species or genus was assigned a tolerance value of 0 (intolerant) to 5 (tol
erant), the BI being the average of tolerance values of all individuals in the 
sample. Revised procedures and tolerance values were published after addi
tional research, and after use of the BI by the Wisconsin Department of Nat
ural Resources (DNR) to evaluate spring and fall samples from 1,018 stream 
sites (Hilsenhoff 1982). Further analysis ofthe 2,036 DNR samples and addi
tional studies resulted in further revision of tolerance values using a scale of 
0-10 for greater precision, and assignment of tolerance values to several ad
ditional species (Hilsenhoff 1987). The BI primarily measures effects of oxy
gen depletion resulting from organic or nutrient pollution. However, I have 
also found it to be sensitive to effects of impoundments, pollution from 
heated discharges, and some types of chemical pollution, the latter reducing 
numbers as well as diversity. 

In summer, streams are warmer and contain less dissolved oxygen; often 
water levels are also low. Many insects that require high levels of dissolved 
oxygen for larval survival (intolerant species) have evolved to pass this 
stressful period as eggs or diapausing larvae, which require lower levels of 
dissolved oxygen. This results in about a five to six week period in late spring 
or summer when BI values are abnormally high in most streams (Figures 1 
and 2). I recommended (Hilsenhoff 1977) that use of the BI should be re
stricted to spring and autumn, which limited its usefulness. An effort to pro
vide a correction factor for these abnormal samples (Hilsenhoff 1988) was not 
entirely satisfactory, and sampling in early spring, late summer, or autumn 
was recommended. Also, sampling after 1 November was not recommended 
because BI values were abnormally low in cold-water streams and abnor
mally high in warm-water streams (Figures 1 and 2). 

Other factors that influence the BI must also be considered. Drift of 
small numbers of intolerant arthropods from tributaries may lower BI values 
in larger polluted streams, especially from late autumn to early spring when 
the water is cold. On the other hand, many ubiquitous tolerant species in
habit both pristine and polluted streams year around, but are usually much 
less abundant than intolerant species in unpolluted streams. Therefore, BI 
values are rarely less than 2 or as great as 10. Another problem with the BI 
exists in some clean streams where some fairly tolerant species inhabit riffle 
substrates in large numbers (especially Gammarus pseudolimnaeus and 
species of Elmidae, Simuliidae, and Chironomidae), causing abnormally high 
BI values. Large numbers of tolerant species, especially Simulium vittatum 
and Caecidotea (=Asellus) intermedia, also may cause unusually high BI val
ues in November in "fair to "fairly poor" streams. Also, larvae in many insect 
genera cannot be identified to species, and generic tolerance values must be 
used. In some ofthese genera, such as Cheumatopsyche, the different species 
apparently have a wide range of tolerance values. Substantial numbers of 
larvae of a species that can be identified only to genus will cause the BI to be 
shifted toward the generic tolerance value (usually 4 or 5). 

In 1994 Lillie and Schlesser proposed using a mean tolerance value 
("TBI") as an additional metric to evaluate streams. To calculate the TBI 
they added tolerance values of all taxa and divided by the number of taxa; in 
the BI, tolerance values of all individuals are added and divided by the num
ber of individuals. They compared the TBI and "HBI" (Hilsenhoff biotic 
index) from 3 replicate samples collected in the spring and fall of three con
secutive years from Rattlesnake Creek, and additional samples from six dif
ferent riffles on three spring and fall dates. In this stream the TBI was con
sistently lower than the RBI; TBI values for fall 1988 averaged 0.90 lower 
than HBI values (5.61 vs 6.51), suggesting a less polluted stream. An impor
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Figure 1. The mean HI (dashes), lO-Max BI (dots), and TBI (dashes and dots) 
for clean streams (below) and polluted streams (above) compared with the 
True BI in 1984. 
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Figure 2. The mean BI (dashes), 10-Max BI (dots), and TBI (dashes and dots) 
for clean streams (below) and polluted streams (above) compared with the 
True BI in 1985. 
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tant discovery, however, was that the TBI had much less temporal variability 
than the HBI, suggesting it could be used to evaluate summer samples. 

Prior to publication I reviewed their manuscript, consulted with Richard 
Lillie, and applied the TBI to one of my own data sets. The TBI had a dis
tinct advantage over the HBI (=BI) by reducing seasonal variability, but un
fortunately it was less sensitive, often judging clean streams to be somewhat 
polluted and polluted streams to be less polluted. I believed, however, that 
the BI could be improved by limiting to some number greater than 1, the 
number of individuals in each taxon used to calculate the BI, thus minimiz
ing seasonal variation, limiting the effect of somewhat tolerant species that 
are often abundant in clean streams, limiting the effect of tolerant species
that are sometimes abundant in only "fairly polluted" streams, and reducing 
the impact of generic tolerance values when species cannot be identified. 

METHODS 

More than 100 arthropods had been collected from three different riffles 
in each of six streams in southern Wisconsin at two-week intervals from 
April to November in 1984 and 1985 to provide a summer correction factor 
for the BI (Hilsenhoff 1988). Two were unpolluted, spring-fed, second or third 
order streams, Otter Creek being a woodland stream and Trout Creek flow
ing through open country. The Sugar River and Narrows Creek, another 
woodland stream, were third order streams that were polluted to different 
degrees by pasturing of cattle. Badfish Creek was a third order stream that 
received effluent from the Madison Metropolitan Sewerage District, and the 
West Branch of the Pecatonica River was a second order stream 2 km down
stream from the Cobb sewage treatment plant and 50 m downstream from 
an area where cattle and hogs often frequented the stream. I used this large 
data set to compare the BI with BI values using a maximum of 5, 10, or 25 
individuals in each taxon (5-Max BI, 10-Max BI, 25-Max HI) and with the 
TBI (1 individual in each taxon). In this data set I believe the "True BI" for 
each stream is the mean yearly BI, excluding the three consecutive late 
spring or summer dates having the highest BI values (summer stress period) 
and November dates (two in 1984, one in 1985). These are the times of the 
year when use of the BI was not recommended (Hilsenhoff 1988). The sum
mer stress period for warm-water streams included the 15 June to 15 July, 
1984 sampling dates and three consecutive dates between 14 May and 25 
June 1985; for cold-water streams it included the 30 July to 27 August 1984 
sampling dates and three consecutive dates between 9 July and 4 September 
1995 (Figures 1 and 2). Thus, 11 dates were used to calculate the True BI in 
1984 and 12 dates in 1985. 

For each year (16 dates) I compared the standard deviation among repli
cates (SD), the SD ofmeans for each date, and the yearly mean with the True 
BI (Table 1). I compared means of all values for the two clean streams (Trout 
and Otter creeks) and the four polluted streams (others), and these means 
with the True BI (Table 2). Deviations of mean yearly index values from 3.5, 
the upper limit for BI values in "excellent" streams, were also compared 
(Table 3). Most important was a comparison of the mean deviation from the 
True BI (without regard for + or - signs), of the BI, the BI with three differ
ent taxon limits, and the TBI for all dates each year (Table 4). In addition, 
mean deviations from the True BI of the three high summer samples were 
compared (Table 5). Mean BI, 10-Max BI, and TBI values for clean streams 
(Otter and Trout creeks) and polluted streams (other 4 streams) in 1984 and 
1985 are compared with the mean True BI in Figures 1 and 2. 
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Table 1. Yearly mean, standard deviation (SD), and SD between dates for the BI, BI 
with three different taxon limits, and TBI for six streams. Bold values are means clos
est to the True BI and lowest SDs. 

Stream Year BI 25-Max 10-Max 5-Max TBI 

Otter Creek 1984 Mean 2.60 2.61 2.61 2.65 2.84 
True BI =2.57 SD 0.21 0.19 0.16 0.19 0.15 

SD Date 0.51 0.47 0.32 0.30 0.23 
1985 Mean 2.62 2.62 2.67 2.69 2.90 

True BI =2.40 SD 0.27 0.27 0.22 0.19 0.26 
SD Date 0.68 0.65 0.55 0.54 0.40 

Trout Creek 1984 Mean 2.41 2.71 3.01 3.26 3.72 
True BI =2.25 SD 0.32 0.24 0.23 0.28 0.24 

SD Date 0.49 0.39 0.36 0.37 0.33 
1985 Mean 2.92 3.06 3.30 3.56 3.89 
True BI =2.84 SD 0.37 0.29 0.21 0.18 0.23 

SD Date 0.54 0.44 0.30 0.29 0.27 

Sugar River 1984 Mean 5.19 5.10 5.10 5.09 5.14 
True BI = 4.77 SD 0.28 0.22 0.16 0.17 0.22 

SD Date 0.65 0.59 0.33 0.28 0.21 
1985 Mean 5.51 5.52 5.39 5.29 5.15 

True BI =5.42 SD 0.23 0.22 0.18 0.16 0.19 
SD Date 0.38 0.29 0.20 0.17 0.16 

W. Br. Pecatonica River 1984 Mean 6.10 5.85 5.62 5.50 5.35 
True BI =5.71 SD 0.26 0.21 0.16 0.17 0.17 

SD Date 0.93 0.59 0.26 0.21 0.18 
1985 Mean 5.78 5.65 5.55 5.48 5.44 

True BI =5.66 SD 0.29 0.21 0.17 0.13 0.16 
SDDate 0.42 0.27 0.17 0.15 0.17 

Narrows Creek 1984 Mean 6.55 6.39 6.09 5.94 5.76 
True BI =6.34 SD 0.18 0.16 0.20 0.22 0.24 

SDDate 0.49 0.31 0.23 0.27 0.25 
1985 Mean 6.23 6.18 6.02 5.86 5.69 

True BI 6.23 SD 0.21 0.18 0.16 0.18 0.19 
SD Date 0.40 0.32 0.25 0.21 0.19 

Badfish Creek 1984 Mean 6.93 6.84 6.75 6.67 6.54 
True BI =6.74 SD 0.16 0.12 0.10 0.09 0.16 

SD Date 0.36 0.24 0.17 0.18 0.20 
1985 Mean 6.57 6.54 6.42 6.32 6.13 

True BI =6.37 SD 0.13 0.10 0.11 0.13 0.17 
SD Date 0.42 0.33 0.30 0.31 0.30 

Mean Standard Deviation 0.24 0.20 0.17 0.17 0.20 
Mean Standard Deviation Between Dates 0.52 0.41 0.29 0.27 0.24 

Because it is frequently used, I also recorded the EPT index for each 
sample (Lenat 1988), which is the number of species of Ephemeroptera, Ple
coptera, and Trichoptera in the sample. The EPT index of each replicate and 
means for the 16 dates were compared. Seasonal differences were evident, so 
mean EPT's of spring, summer, and autumn samples were also compared 
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Table 2. Deviations from the True BI of yearly means for the BI, the BI with three dif
ferent taxon limits, and the TBI for six streams. Lowest deviations are iIi bold type. 
Means for each stream, for clean streams (Otter Cr. and Trout Cr.) and for polluted 
streams (other 4 streams) are without regard for sign. 

Stream Year BI 25-Max lO-Max 5-Max TBI 

Otter Creek 1984 
1985 
Mean 

+0.03 
+0.22 

0.12 

+0.04 
+0.22 

0.13 

+0.04 
+0.27 

0.15 

+0.08 
+0.29 

0.18 

+0.27 
+0.50 

0.38 

Trout Creek 1984 
1985 
Mean 

+0.16 
+0.08 

0.12 

+0.46 
+0.22 

0.34 

+0.76 
+0.46 

0.61 

+1.01 
+0.72 

0.86 

+1.47 
+1.05 

1.26 

Sugar River 1984 
1985 
Mean 

+0.42 
+0.09 

0.25 

+0.33 
+0.10 

0.21 

+0.33 
-0.03 

0.18 

+0.32 
-0.13 

0.22 

+0.37 
-0.27 

0.32 

W. Br. Pecatonica River 1984 
1985 
Mean 

+0.39 
+0.12 

0.25 

+0.14 
-0.01 
0.07 

-0.09 
-0.11 

0.10 

-0.21 
-0.18 

0.19 

-0.36 
-0.22 

0.29 

Narrows Creek 1984 
1985 
Mean 

+0.21 
0.00 
0.10 

+0.05 
-0.05 

0.05 

-0.25 
-0.21 

0.23 

-0.40 
-0.37 

0.38 

-0.58 
-0.54 

0.56 

Badfish Creek 1984 
1985 
Mean 

+0.19 
+0.20 

0.19 

+0.10 
+0.17 

0.13 

+0.01 
+0.05 

0.03 

-0.07 
-0.05 

0.06 

-0.20 
-0.24 

0.22 

Mean clean streams 
Mean polluted streams 

0.12 
0.20 

0.23 
0.12 

0.38 
0.13 

0.52 
0.22 

0.82 
0.35 

Table 3. Deviation each year from 3.5 of yearly means for the BI, the BI with three dif
ferent taxon limits, and the TBI for six streams. The mean deviation of clean streams 
(Otter Cr. and Trout Cr.) and polluted streams (other 4 streams). 

Stream Year BI 25-Max 10-Max 5-Max TBI 

Otter Creek 1984 -0.90 -0.89 -0.89 -0.85 -0.66 
1985 -0.88 -0.88 -0.83 -0.81 -0.60 

Trout Creek 1984 -1.09 -0.79 -0.49 -0.24 +0.22 
1985 -0.58 -0.44 -0.20 +0.06 +0.39 

Sugar River 1984 +1.69 +1.60 +1.60 +1.59 +1.64 
1985 +2.01 +2.02 +1.89 +1.79 +1.65 

W. Br. Pecatonica River 1984 +2.60 +2.35 +2.12 +2.00 +1.85 
1985 +2.28 +2.15 +2.05 +1.98 +1.94 

Narrows Creek 1984 +3.05 +2.89 +2.59 +2.44 +2.26 
1985 +2.73 +2.68 +2.52 +2.36 +2.19 

Badfish Creek 1984 +3.43 +3.34 +3.25 +3.17 +3.04 
1985 +3.07 +3.04 +2.92 +2.82 +2.63 

Mean deviation clean streams -0.86 -0.75 -0.60 -0.46 -0.16 
Mean deviation polluted streams +2.61 +2.51 +2.37 +2.27 +2.15 



8 THE GREAT LAKES ENTOMOLOGIST Vol. 31, No.1 

Table 4. Mean deviation of 16 dates each year from the True BI of the BI, the BI with 
three different taxon limits, and the TBI for six streams. Smallest deviations are in 
bold type. Mean deviations for clean streams (Otter Cr. and Trout Cr.), polluted 
streams (other 4 streams), and all streams are also included. 

Stream Year BI 25-Max l()"Max 5-Max TBI 

Otter Creek 1984 
1985 
Mean 

0.40 
0.50 
0.45 

0.37 
0.50 
0.44 

0.26 
0..50 
0.38 

0.26 
0.49 
0.37 

0.30 
0.55 
0.42 

Trout Creek 1984 
1985 
Mean 

0.36 
0.51 
0.43 

0.49 
0.38 
0.44 

0.76 
0.49 
0.62 

1.01 
0.72 
0.86 

1.47 
1.04 
1.25 

Sugar River 1984 
1985 
Mean 

0.64 
0..31 
0.48 

0.50 
0.25 
0.38 

0.40 
0.18 
0.29 

0.40 
0.15 
0.28 

0.3S 
0.27 
0.33 

W. Br. Pecatonica River 1984 
1985 
Mean 

0.72 
0.33 
0.52 

0.44 
0.21 
0.32 

0.28 
().1S 
0.23 

0.2l5 
0.20 
0.22 

0.36 
0.25 
0.30 

Narrows Creek 1984 
1985 
Mean 

0.40 
0.32 
0.36 

0.25 
0.26 
0.26 

0.29 
0.23 
0.26 

0.42 
0.37 
0.40 

0.58 
0.54 
0.56 

Badfish Creek 1984 
1985 
Mean 

0.31 
0.33 
0.32 

0.20 
0.27 
0.24 

0.14 
0.2l5 
0.20 

0.16 
0.27 
0.22 

0.24 
0.33 
0.29 

Mean clean streams 
Mean polluted streams 
Mean ail streams 

0.44 
6.42 
0.43 

0.44 
0.30 
0.35 

0.50 
O~ 
0.33 

0.61 
6.28 
0.39 

0.83 
0.37 
6.53 

(Table 6). Because spring in 1985 was unusually warm and summer arrived 
two weeks early (Hilsenhoff 1988), six sampling dates. were averaged in 
spring 1984 and summer 1985~ other seasonal averages were for five dates. 

RESULTS AND DISCUSSION 

The True BI was most closely approached by the yearly mean of the BI in 
clean streams (Otter and Trout creeks) and by yearly means of the l()"Max 
BI and 25-Max BI in pOlluted streams (Tables 1 and 2). In clean streams, BI 
values increased and in polluted streams they decreased as lower numbers of 
each taxon were used in calculations (Table Z), causing index values to ap
proach 3.5 (Table 3), the point at wbich the BI separates "excellent" streams 
from "very good" streams (Hilsenhoff 1987), with values for Trout Creek even 
exceeding 3.5 in the 5-Max BI and the TBI. This is because intolerant arthr0
pod species <tolerance values 0-3) predominate and are often abundant in 
clean streams, while in polluted streams tolerant arthropod species (toler~ 
ance values 5-10) predominate and are often abundant. It is these abundant 
species that have the greatest impact on the BI and ina-easingly less impaet 
as smaller numbers are used in the calculation. The imparl ofusing smaller 
numbers is often greatest in small streams (first order) and streams in open 
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Table 5. Mean deviation from the True BI of the three high summer dates for the BI, 
the BI with three different taxon limits, and the TBI for six streams. Smallest devia
tions are in bold type. Mean deviations for clean streams (Otter Cr. and Trout Cr.), pol
luted streams (other 4 streams), and all streams are also included. 

Stream Year BI 25-Max 10-Max 5-Max TBI 

Otter Creek 1984 
1985 
Mean 

0.69 
1.28 
0.99 

0.66 
1.22 
0.94 

0.39 
0.99 
0.69 

0.40 
0.88 
0.64 

0.51 
0.81 
0.66 

Trout Creek 1984 
1985 
Mean 

0.85 
0.62 
0.74 

0.97 
0.61 
0.79 

1.15 
0.64 
0.89 

1.46 
0.95 
1.21 

1.73 
1.19 
1.46 

Sugar River 1984 
1985 
Mean 

1.74 
0.65 
1.19 

1.16 
0.50 
0.83 

0.77 
0.16 
0.47 

0.60 
0.15 
0.37 

0.48 
0.25 
0.36 

W. Br. Pecatonica River 1984 
1985 
Mean 

1.91 
0.72 
1.31 

1.14 
0.35 
0.74 

0.40 
0.01 
0.21 

0.19 
0.16 
0.17 

0.51 
0.29 
0.40 

Narrows Creek 1984 
1985 
Mean 

0.58 
0.28 
0.43 

0.28 
0.26 
0.27 

0.06 
0.36 
0.21 

0.11 
0.52 
0.31 

0.40 
0.64 
0.52 

Badfish Creek 1984 
1985 
Mean 

0.59 
0.83 
0.71 

0.40 
0.62 
0.38 

0.23 
0.48 
0.36 

0.15 
0.37 
0.25 

0.34 
0.09 
0.22 

Mean clean streams 
Mean polluted streams 
Mean all streams 

0.86 
0.91 
0.89 

0.86 
0.56 
0.66 

0.79 
0.31 
0.47 

0.92 
0.28 
0.49 

1.06 
0.37 
0.60 

areas, which have fewer dominant species. This impact was especially great 
in Trout Creek where Ephemerella inermis and Brachycentrus occidentalis 
(tolerance values of 1) were the dominant species. Also, when fewer arthro
pods were used for calculations, the SD between dates decreased (Table 1), 
indicating less seasonal variation. In all streams the yearly mean HI was al
ways higher than the True HI (Table 1) because the three highest summer 
dates were not used in calculating the True HI. An exception was Narrows 
Creek in 1985, where the HI was the same as the True HI because HI values 
in late May and June had a minimal increase and those from August through 
October were much higher, probably because of increased pollution from pas
turing of cattle later in the year. Thus, in clean streams the THI always had 
the greatest deviation from the True HI while in polluted streams deviations 
ranged from positive to negative and most closely approached the True HI in 
the lO-Max HI and 25-Max HI (Table 2). However, since yearly means are 
often the result of values that are both higher and lower than the True HI 
(Figures 1 and 2), a better measure is the mean deviation from the True HI of 
mean HI values (for the three replicates) on each of the 16 dates (Table 4). 

Considering all evaluations (Tables 1-4), esyecially Table 4, the 10-Max 
HI is the best choice. In addition, the 10-Max H and 5-Max HI had the low
est SD (0.17) among replicates (Table 1), indicating they were most sensitive 
to differences in the degree of organic pollution. I believe the 10-Max HI is 



0 

Table 6. The EPT index of six streams for two years with high and low values each year for replicates (number in parenthesis) and 
dates (mean of3 replicates), and mean EPT values for spring, summer, autumn, and entire year. 

Replicates Dates Mean 

Stream Year High Low High Low Spring Summer Autumn Year 

Otter Creek 1984 19(3) 9(1) 17.3 10.3 15.0 12.1 14.8 12.0 
1985 19(1) 9(1) 16.3 10.3 15.2 11.2 13.4 13.1 -i 

Mean 16.8 10.3 15.1 11.6 14.1 13.6 I 
m 

Trout Creek 1984 
1985 

10(4) 
10(1) 

2(3) 
3(2) 

9.0 
8.3 

3.0 
3.3 

3.9 
5.3 

6.4 
5.0 

7.7 
7.7 

5.9 
6.0 

Q
;;>0 
m 
~ 

Mean 8.7 3.2 4.6 5.7 7.7 5.9 s;: 
Sugar River 

W. Br. Pecatonica River 

Narrows Creek 

1984 
1985 

Mean 

1984 
1985 

Mean 

1984 

12(1) 
15(1) 

6(1) 
8(1) 

8(1) 

4(1) 
3(1) 

1(6) 
1(8) 

1(1) 

9.7 
13.7 
11.7 

5.3 
6.7 
6.0 

7.0 

5.7 
3.7 
4.7 

1.3 
1.0 
1.2 

2.3 

7.2 
6.3 
6.7 

2.5 
2.4 
2.4 

3.8 

8.7 
9.6 
9.2 

3.2 
3.7 
3.5 

5.0 

8.2 
11.9 
10.0 

4.5 
5.1 
4.8 

3.6 

8.0 
9.3 
8.6 

3.3 
3.7 
3.5 

4.1 

A 
m 
U> 
m 
Z 
0s: 
0 
5 
Q 
U; 
-i 

1985 8(2) 1(3) 6.7 1.7 4.7 3.9 4.9 4.5 
Mean 6.8 2.0 4.3 4.4 4.3 4.3 

Badfish Creek 1984 4(3) 0(3) 3.0 0.3 1.5 1.5 2.7 1.9 
1985 9(1) 0(1) 8.0 0.7 1.4 4.3 6.5 4.1 ~ Mean 5.5 0.5 1.4 2.9 3.7 3.0 

(.) 

, 

Z 
P 
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superior to the BI for evaluating polluted streams because it can be used 
year-around and the yearly mean was close to the True BI (Figs. 1 and 2, 
Table 4). It also minimizes in all streams some detrimental effects described 
above. In clean streams, however, mean yearly 10-Max BI values were dis
tinctly higher than those of the BI (Table 2), and were especially high during 
the summer stress period (Table 5, Figs. 1 and 2). Since most "excellent" 
streams usually have a BI well below 3.0, the 0.38 mean yearly deviation 
above the True BI should not affect evaluations. However, if samples are col
lected during the summer stress period and the 10-Max BI is less than 4.5, 
one should be aware that 10-Max BI values are likely to be almost as high as 
BI values (Table 5, Figs. 1 and 2) and as much as 0.8 above the True BI. The 
TBI was the poorest biotic index for evaluating water quality (as measured 
by the True BI) throughout the year, especially in clean streams (Tables 2 
and 4), and the BI was also poor if used throughout the year. 

The EPT index was found to be highly variable between sampling dates 
(Table 6). It also varied seasonally in most streams, with values often being 
lowest in spring and highest in autumn; in Otter Creek summer values were 
lowest and in Narrows Creek summer values were highest in 1984 and low
est in 1985. As with all species richness or diversity indexes, the EPT is 
strongly influenced by many other factors in addition to pollution. These in
clude stream size, substrate variability, current, water temperature, food re
sources (allochthonous vs autochthonous), and life cycles. An example of the 
effect of stream size is provided by two thoroughly-studied streams about 
15km apart that flow south out of the Baraboo Hills (80 km north of Madi
son, WI) through similarly forested State Scientific Areas. Both are spring
fed and unpolluted. Parney's Glen Creek is a first order stream that is in
habited by 2 species of Ephemeroptera, 6 species of Plecoptera, and 16 
species of Trichoptera (Karl and Hilsenhoff 1980). Otter Creek is a second or 
third order stream, and it is inhabited by 15 species of Ephemeroptera, 17 
species of Plecoptera (Narf and Hilsenhoff 1974), and 52 species of Tri
choptera (Steven and Hilsenhoff 1984), 3.5 times as many species as Par
frey's Glen Creek. 

RECOMMENDATIONS 

1. All procedures for collecting, sorting, and evaluating with the BI 
(Hilsenhoff 1987) should be followed, including the collection and identifica
tion of 100+ arthropods for the sample. I recommend, however, that in taxa 
having more than 10 individuals, only ten be used for calculation of the biotic 
index (10-Max BI). This will minimize the effect of our inability to identify 
species in some genera, effects of certain fairly tolerant species in some clean 
streams and tolerant species in moderately polluted streams, and permit 
year-around use of the BI. However, if cleaner streams are sampled during 
the summer stress period (Hilsenhoff 1988) and found to have a 10-Max BI of 
4.5 or less, their True BI values may be as much as 0.8 too high. Sampling at 
times other than during the summer stress period is always desirable. 

2. Although diversity and species richness indexes (including the EPT) 
are sensitive to pollution, they should not be used to supplement evaluations 
with the BI because many other factors (listed above) often have a greater 
impact on these indexes than pollution. They are of value only for comparing 
similar sites on the same stream, the same stream site from year to year, or 
streams in which the characteristics mentioned above are the same. 



12 THE GREAT LAKES ENTOMOLOGIST Vol. 31, No.1 

LITERATURE CITED 

Chutter, F.M. 1972. An empirical biotic index of the quality of water in South Mrican 
streams and rivers. Water. Res. 6:19-30. 

Hilsenhoff, W.L. 1969. An artificial substrate device for sampling benthic stream inver
tebrates. Limnol. Oceanog. 14:465-47l. 

Hilsenhoff, W.L. 1977. Use of arthropods to evaluate water quality of streams. Wis. 
Dep. Nat. Resources Tech. Bull. 100. 15 pp. 

Hilsenhoff, W.L. 1982. Using a biotic index to evaluate water quality in streams. Wis. 
Dep. Nat. Resources Tech Bull. 132.22 pp. 

Hilsenhoff, W.L. 1987. An improved biotic index of organic stream pollution. Great 
Lakes Entomol. 20:31-39. 

Hilsenhoff, W.L. 1988. Seasonal correction factors for the biotic index. Great Lakes En
tomol. 21:9-13. 

Karl, T.8., and W.L. Hilsenhoff. 1980. The caddisflies (Trichoptera) of Parfrey's Glen 
Creek, Wisconsin. Trans. Wis. Acad. Sci, Arts and Let. 67:31-42. 

Lenat, D.R 1988. Water quality assessment of streams using a qualitative collection 

method for benthic macroinvertebrates. J. N. Amer. Benthol. Soc. 7:222-233. 


Lillie, R.A., and RA. Schlesser. 1994. Extracting additional information from biotic 

index samples. Great Lakes Entomol. 27:129-136. 

Narf, RP., and W.L. Hilsenhoff. 1974. Emergence pattern of stoneflies (Plecoptera) in 
Otter Creek, Wisconsin. Great Lakes. Entomol. 7:117-125. 

Steven, J.C., and W.L. Hilsenhoff. 1984. The caddisflies (Trichoptera) of Otter Creek, 
Wisconsin. Trans. Wis. Acad. Sci., Arts and Let. 84:103-110. 

Weber, C.1. 1973. Biological field and laboratory methods for measuring the quality of 
surface waters and effluents. Nat. Envir. Res. Center, U.S. Environ. Prot. 
Agency, Cincinnati xi + 176 pp. 

Wilhm, J.L., and T.C. Dorris. 1968. Biological parameters for water quality criteria. 
Bioscience 18:474-481. 



THE GREAT LAKES ENTOMOlOGIST1998 13 

PROBABLE DISPLACEMENT OF RIFFLE-DWELLING INVERTEBRATES BY 

THE INTRODUCED RUSTY CRAYFISH{ ORCONECTES RUSTICUS 


(DECAPODA: CAMBARIDAEL IN A 

NORTH-CENTRAL WISCONSIN STREAM 


David C. Houghton 1 ,2, Jeffrey J. Dimick1{ and Richard V. Frie1 

ABSTRACT 

The rapid northward range expansion of the rusty crayfish, Orconectes 
rustic us, and its negative effects on Wisconsin lakes have been the subjects of 
intense study throughout the last fifteen years. In this study, we investigated 
the possible impact of rusty crayfish on the benthic macroinvertebrate com
munity structure of the Prairie River in north-central Wisconsin. Rusty cray
fish and other invertebrates were collected during August and September, 
1994, from three sections of the Prairie River. Rusty crayfish relative abun
dance increased significantly from the upper to middle, and middle to lower 
sections; and correlated negatively with a significant 77% decrease in total 
density of aquatic invertebrates between sections. Mean density of all impor
tant invertebrate families and trophic guilds decreased significantly between 
the upper and lower sections. Due to the similarity of most environmental 
conditions between river sections, decrease of invertebrates is attributed to 
the increased abundance of rusty crayfish and its interactions with the na
tive rouna. Our results suggest that a high abundance of rusty crayfish may
negatively impact Wisconsin lotic systems. 

The rusty crayfish, Orconectes rusticus (Girard), is native to the Ohio 
River Drainage and was introduced to Wisconsin circa 1960 (Olsen et al. 
1991) largely through escaping from angler bait containers (Lodge and Hill 
1994). Since then it has greatly increased its range by moving up Wisconsin 
rivers, expanding its thermal tolerance range, and avoiding Wisconsin preda
tory fish (Maude and Williams 1983, Mundahl 1989, DiDonato and Lodge 
1993, Willman et al. 1994). Rusty crayfish are now found in all of Wisconsin's 
major drainage basins except the Trempealeau-Black (Hobbs and Jass 1988) 
and in the littoral zone of many Wisconsin lakes (McBride 1983). The rusty 
crayfish is considered detrimental to Wisconsin lentic systems as it has al
tered primary production and decreased habitat by consuming rooted aquatic 
macrophytes; displaced native congeners with its aggressive behavior, large 
size, and fast growth; altered benthic productivity by consuming snails and 
other invertebrates; and lowered recruitment of many fish species by con
suming fish eggs and fry {Magnuson et al. 1975, Lorman 1980, Capelli 1982, 

IDepartment ofWater Resources, University of Wisconsin -Stevens Point, Stevens 
Point, WI 54481. 

2Current address: Department of Entomology, 219 Hodson Hall, 1980 Folwell Ave., 
University of Minnesota, Saint Paul, MN 55108. 
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Lodge et al. 1985, Olsen et al. 1991, Hill et al. 1993, Lodge and Hill 1994, 
Lodge et al. 1994). 

When we began this study we found no published literature addressing 
rusty crayfish effects on lotic systems. However, many observations from 
both the Wisconsin Department of Natural Resources (WDNR) and Wiscon
sin residents suggested that substantial decreases in invertebrate densities 
had occurred in some pristine Wisconsin trout streams following the appear
ance of rusty crayfish. Fishery managers were concerned that lower macroin
vertebrate densities may not sustain trout populations in streams invasible 
by rusty crayfish. The purpose of this study was to address this concern by 
determining if rusty crayfish abundance corresponded with density or diver
sity of aquatic invertebrates in a cold-water stream. 

MATERIALS AND METHODS 

Study Site. The Prairie River arises in Langlade County, Wisconsin and 
flows for approximately 69 kilometers, southwest, through a watershed com
prised of 70% forested and 30% agricultural lands until its confluence with 
the Wisconsin River in Lincoln County. The upper Prairie is classified by the 
WDNR (1980) as a high-grade trout fishery (Class I) with naturally repro
ducing populations of brook trout, Saluelinus fontinalis (Mitchill), rainbow 
trout, Oncorhynchus mykiss (Waulbaun), and brown trout, Salmo trutta L. 
The river downstream of Wisconsin State Highway 17 is classified as a 
medium-grade trout fishery (Class II) requiring limited stocking to maintain 
fishable trout populations (Figure 1). This reclassification is attributed to a 
natural warming of the water due to a decrease in upwelling of cold spring
water, and a gradual widening of the river with loss of canopy cover and in
crease in solar radiation (M. O. Johnson - WDNR Area Fishery Manager, per
sonal communication). According to WDNR officials, rusty crayfish have been 

t 
N 

Figure 1. Location ofour study sites in Lincoln County, Wisconsin. 
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abundant in the lower reaches of the Prairie River since the mid 1980s. How
ever, rusty crayfish appeared to not have colonized the upper reaches of the 
Prairie River, possibly due to lower water temperature. This offered an op
portunity to study their interactions with native fauna. 

We sampled three sections of the river (Figure 1) based on our previous 
inspections: the upper section (Hackbarth Drive) appeared to not have been 
colonized by rusty crayfish, the lower section (Bachelor's Avenue) had a high 
observed abundance of rusty crayfish, and the middle section (Highway 17) 
appeared to be intermediate in rusty crayfish abundance. Physical and chem
ical data were collected from two riffles within each section during July and 
August, 1994. Fish populations were sampled during the same period by 
electrofishing and the number of each species caught per section was ex
pressed as a percent of the total catch. Substrate composition was measured 
by randomly placing a surber sampler in three riffles of each section and de
termining the relative abundance of each substrate type. Habitat and ripar
ian vegetation were observed in all three sections. 

Invertebrate Sampling. Three stream riffles were selected from each 
section. Three sample points were selected from each riffle and their physical 
properties measured to assure homogeneity of points. All sample points had 
mixed substrate (sand, gravel, cobble), water depth of 23.4-31.2 cm, current 
velocity of 0.69-1.19 mis, and little macrophyte growth. Benthic inverte
brates were collected at each point during August and September, 1994, with 
a Hess sampler composed of #30 Nitex™ mesh and with an area of 0.058 m2• 
The sampler was set into the substrate to the level of impenetrability. Pieces 
of substrate approximately 3 em or larger were brushed off into the sampler 
and then removed from the sampling area. The remaining substrate was 
then disturbed for about one minute. Dislodged invertebrates were removed 
from the Hess sampler netting, preserved in 80% isopropyl alcohol, trans
ported to the laboratory, and identified to the lowest taxon possible. The 
number of invertebrates in each family from each Hess sample was extrapo
lated to estimate density per square meter. Mean familial and total density 
(number of individuals per m2) per riffle were then calculated from these 
data. Taxa represented by less than twenty individuals were grouped to
gether in density calculations. Epineustonic invertebrates captured were not 
included in calculations. 

The Family Biotic Index (FBI) and percent by count Ephemeroptera, Ple
coptera, and Trichoptera (EPT) were used as stream water quality indicators 
(Hilsenhoff 1988, Plaflrin et al. 1989, Wallace et al. 1996). The Shannon Di
versity Index was used to assess invertebrate diversity in each section (e.g. 
DeJong 1975). Taxa were grouped into generic-level trophic guilds based on 
Merritt and Cummins (1996) to assess trophic guild composition in each sec
tion. Invertebrates with an undetermined trophic guild (e.g. nematodes), or 
in a non-feeding state (pupae), were not included in calculations. Familial 
and trophic guild compositions between sections were analyzed using Nested 
ANOVA. This and all other statistical analyses followed Zar (1984) using Sta
tisical Analysis System (SAS) software (SAS Institute 1985).

Crayfish Sampling. Crayfish were captured after their molting period 
using wire-mesh crayfish traps, baited with chicken livers, during August 
and September, 1994 (Capelli 1982, Sommers and Stechy 1986). In each sec
tion, one trap was placed in each riffle where Hess samples were taken, two 
traps were placed in runs adjacent to the riffles, and one trap was placed in a 
pool for a total of six traps per section. Traps were set three times for 18-24 
h each time, with a 48 h interval between settings. Captured crayfish were 
identified to species (Capelli 1975), sexed, and measured. Crayfish with total 
carapace length 220mm were considered adults (Hobbs and Jass 1988). No 

http:0.69-1.19
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differentiation was made between Form I and Form n males. All individuals 
were released on site. The total number ofjuvenile, adult male, and adult fe
male rusty crayfish caught in each section were recorded. Since traps do not 
accurately quantify total rusty crayfish abundance due to a variety of factors, 
and are 80-100% selective for adult males, the total number of adult males 
caught in each section was considered a measure of relative rusty crayfish 
abundance in each section (Capelli 1975, Capelli 1982, Sommers and Stechy 
1986). The number of adult male rusty crayfish caught in each section were 
compared with Chi-square Goodness of Fit tests. 

RESULTS 

Orconectes rusticus was the only species of crayfish captured although 
O. propinquu8 (Girard) and O. uirilis (Hagen) are both reported from this re
gion (Hobbs and Jass 1988; M. O. Johnson, pers. comm.). Numerous rusty 
crayfish were captured in our Hess samples when sampling for inverte
brates. The number of both total and adult male rusty crayfish caught were 
significantly different among sections (Chi-square Goodness of Fit, p < 0.001 
for beth) and increased significantly from upper to middle, and middle to 
lower sections (Pairwise Chi-square Goodness of Fit with Yates Correction, 
p < 0.001 for all pairwise comparisons) (Figure 2). Only juvenile rusty cray
fish were found in the upper section and 83% of these had missing or broken 
appendages. Juvenile rusty crayfish were not found in the other sections. 
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Figure 2. Invertebrate density and the number of rusty crayfish caught in 
three sections of the Prairie River, Wisconsin, collected during August and 
September, 1994. Each invertebrate marker represents the mean total den
sity from a rifile. 
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Table 1. Mean invertebrate density (number per square meter) from three sections of 
the Prairie River, Wisconsin, during August and September, 1994; p values were calcu
lated using Nested ANOVA. 

Upper (U) Middle (M) Lower (L) 
Invertebrate Mean Change Mean Change Mean Change 
Family Density (U-M) Density (M-L) Density (U-L) p 

Hydropsychidae 377.4 +12% 423.4 -68% 134.1 -64% 0.043 
Chironomidae 369.7 -68% 118.8 -56% 51.7 -86% 0.000 
Perlidae 132.2 -83% 23.0 -67% 7.7 -94% 0.000 
Elmidae (Larvae) 101.5 +17% 118.8 -79% 24.9 -75% 0.000 
Baetidae 97.7 -53% 46.0 -83% 7.8 -92% 0.004 
Elmidae (Adults) 80.5 -83% 13.4 -86% 1.9 -98% 0.000 
Athericidae 72.8 -34% 47.9 -40% 28.7 -61% 0.023 
Heptageniidae 49.8 -69% 15.3 -88% 1.9 -96% 0.003 
Others* 91.9 -44% 51.7 -4% 41.1 -42% 

All 1375.5 -37% 865.9 -64% 308.4 -77% 0.000 

*The families Aselidae, Brachycentridae, Corydalidae, Gammaridae, Glossosomatidae, 
Ephemeridae, Hydrophilidae (larvae), Hydropsychidae (pupae), Isonychiidae, Lim
nephilidae (pupae), Lumbricidae, Psychomyiidae, Tipulidae, and the Phylum Nema
toda were represented by less than 20 individuals each and were grouped together in 
density calculations. The artificiality of this category precludes statistical analysis. 

Total macroinvertebrate density decreased by 37% from the upper to 
middle section and 64% from the middle to lower section, for a total decrease 
of 77% (Table 1). Mean density of all invertebrate families from which at 
least 20 individuals were collected decreased significantly between sections 
(Nested AN:OVA); although hydropsychid and elmid larvae decreased only 
between the middle and lower sections (Table 1). Total invertebrate density 
correlated negatively with the number of adult male rusty crayfish ·caught 
(r = -0.999985, p = 0.0026, n = 3) (Figure 2). Most important genera and 
identifiable species remained in all three sections (Table 2). Of the 25 taxa 
that we identified, six were confined to the upper section. Of these taxa, five 
were represented by only one specimen. Past qualitative stream surveys 
have also shown a similar generic and specific composition between our sites 
(WDNR unpublished databases). 

Mean density of all trophic guilds except shredders decreased signifi
cantly between sections; although filter feeders decreased only between the 
middle and lower sections (Nested ANOVA) (Figure 3). FBI was constant and 
neither EFT nor Shannon's Index was positively or negatively correlated be
tween sections (Table 3). 

We found no important differences in physical and chemical properties 
between sections except for temperature which gradually increased down
stream (Table 3). Habitat was similar between sections. Riparian vegetation 
was common with sedges, Carex spp., tag alders, Alnus rugosa DuRoi, and 
ferns, Onoclea spp., abundant in all three sections. Fish species composition 
remained similar between sections although salmonids decreased between 
the upper and lower sections and catostomids increased (Table 4). This con
curs with WDNR data for this area of the Prairie River and corresponds to 
the Prairie River's reclassification from a Class I to a Class II stream (Steuk 
et al. 1977, WDNR 1980, Carlson and Andrews 1982). 
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Table 2. List of taxa collected from three sections of the Prairie River, Wisconsin, dur
ing August and September, 1994. 

Stream Stream 
Taxon Section Taxon Section 
Lumbriculidae Trichoptera 

Lubricidae Brachycentridae 
Lumbricus sp. U,M,L Brachycentrus numerosus (Say) U 

Ephemeroptera Brachycentrus occidentalis Banks U 
Baetidae Glossosomatidae 

Baetis spp. U,M,L Glossosoma sp. U 
Heptageniidae Hydropsychidae 

Stenonema sp. U,M,L Ceratopsyche spp. U,M,L 
Ephemeridae Cheumatopsyche spp. U,M,L 

Ephemera simulans Walker U,L Limnephilidae 
Isonychiidae Pycnopsyche sp. U 

lsonychia sp. U,M Psychomyiidae 
Plecoptera Psychomyia fiavida Hagen U 

Perlidae Diptera 
Acroneuria sp. U.M,L Athericidae 
Agnetina capitata (Picket) U,M Atherix variagata Walker U,M,L 
Paragnetina media (Walker) U,M,L Chironomidae U,M,L 

Megaloptera Tipulidae 
Corydalidae Antocha sp. U,M,L 

Nigronia serricomis (Say) U.L Tipula sp. U,M.L 
Coleoptera Amphipoda 

Elmidae Gammaridae 
Optioserois spp. U.M,L Gammarus pseudolimnaeus 
Stenelmis spp. U,M,L Bousfield U,M,L 

Hydrophilidae U Asellidae 
Tropistemus sp. U Asel/us intermedius (Morgan) U,M,L 

Nematoda U,M,L 

DISCUSSION 

It appears, due to the strong negative correlation between them, that the 
decrease in benthic invertebrate density was brought about by the increasing 
abundance of rusty crayfish. This assumes that the prevalence of rusty cray
fish was the only difference between our study sites that would cause this in
vertebrate decrease. The three sections were separated by 4 km of virtually 
contiguous forest and were without major tributaries between them. We be
lieve no significant source of organic input occured throughout the sampling 
area as indicated by our FBI and EPT values. Sampled riffles exhibited simi
lar physical characteristics. Habitat, substrate, chemical, and fish population 
data were similar between sections. 

The warming of the river due to decreased spring-water upwelling and 
increased solar radiation to the lower reaches of the Prairie River account for 
its reclassification from a Class I to a Class II trout stream and may explain 
the increase of catostomids as well. Based on the stream continuum concept 
(Cummins 1977, Vannote et al. 1980), these are natural, gradual morphologi
cal changes in the lotic continuum and cannot explain the dramatic decrease 
in aquatic invertebrate density that we have documented. Taxa replacement 
may occur in the lower reaches of a stream as temperature and primary pro
duction increase, and allochthonus input decreases. However, most impor
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Figure 3. Mean and upper CI of invertebrate trophic guild densities in three 
sections ofthe Prairie River, Wisconsin, collected during August and Septem
ber, 1994; p values for each guild calculated using Nested ANOVA . 

tant genera and species remained in all of our sections. This suggests that 
the observed temperature increase was not important enough to stimulate 
notable taxa replacement over the short distance between our sites. 

Furthermore, overall ecosystem productivity as well as invertebrate den
sity often increase in the mid-reaches of a river while we documented signifi
cantly decreasing densities for all important taxa and important riffle
dwelling trophic guilds. Invertebrates in the scraping and filter-feeding 
guilds typically increase in density in the mid-reaches of a river due to in
creased prevalence ofperiphyton and CPOM (Cummins 1977, Vannote et al. 
1980). The Prairie River filter-feeders (hydropsychid caddisflies) exhibited 
some increase between our upper and middle sections, and then decreased 
between the middle and lower sections; scrapers exhibited the largest per
cent decrease between sections of all trophic guilds (Figure 3). 

Quantitative historical invertebrate data for this reach of the Prairie 
River are lacking, precluding a comparison to the invertebrate assemblage 
before the appearance of rusty crayfish. However, our study indic::ates that 
rusty crayfish may have impacted this particular benthic macroinvertebrate 
community. It may have done so by preying directly on invertebrates, out
competing them for food, and out-competing them for space. Rusty crayfish 
are opportunistic omnivores which have been observed as predators, scrap
ers, collector-gatherers, herbivores, detritivores, and carrion feeders (Magnu
son et al. 1975, Olsen et al. 1991, Lodge et al. 1994, Willman et al. 1994) 
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Table 3. Water physical, chemical, and community metric data collected from two riffles within three sections of the Prairie River, 
Wisconsin, during July and August, 1994. FBI = Family Biotic Index; EPT = percent by count Ephemeroptera, Plecoptera, and Tri
choptera; H' = Shannon Diversity Index; RIG, S, D, and V = relative percent of rubble/gravel, sand, detritus, and vegetation, respec
tively, in the substrate of each section. I 
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Table 4. The number of each fish species caught, expressed as a percent of the total 
catch, combined from two riffles in each of three sections of the Prairie River, Wiscon
sin, collected during July and August, 1994. 

Species Upper Middle Lower 

Catostomous commersoni {Lacepedel 1 5 12 
Cottus bairdi Girard 12 13 9 
Etheostoma fiabellare Rafinesque 1 4 
Etheostoma nigrum Rafinesque 1 
Hypentelium nigricans (Lesueur) 1 10 16 
Ichthyomyzon fossor Reighard and Cummins 4 
Luxilus comutus Mitchill 3 
Percina caprodes (Rafinesque) 1 1 
Oncorhyncus mykiss (Waulbaum) 2 1 
Rhinichthys atratulus (Hermann) 12 17 10 
Rhinichthys cataractae (Valenciennes) 6 15 12 
Salmo trutta L. 22 12 6 
Salvelinus fontinalis (Mitchill) 43 23 19 
Semotilus atromaculatus (Mitchill) 3 

which gives them many opportunities to affect aquatic ecosystems. Studies 
on Orconectes propinquus in Michigan streams have shown it to be a key
stone consumer and predator; being able to influence abundances of inverte
brate taxa through direct predation, spatial competition, and manipulation of 
benthic habitat through grazing (Paine 1966, Hart 1992, Creed 1994). In the 
Ontonagon River in northern Michigan, O. rusticus decreased macroinverte
brate densities by 47-79% in enclosures while crayfish and macroinverte
brate densities were inversely related in the stream itself (Charlebois 1994). 
Based on these past studies and our observations, we believe that the rusty 
crayfish is responsible for the decrease in invertebrate density occurring in 
the Prairie River. 

It also appears that the colder water temperatures are keeping rusty 
crayfish from the upper reaches of the Prairie River. In their native range, 
rusty crayfish may be exposed to a temperature range of 0-39" C and have 
subsequently developed the ability to physiologically and behaviorally adjust 
their thermal tolerance limits to diel and seasonal temperature changes 
(Layne et aL 1984, Mundahl 1989). However, these adjustments may not 
compensate fully. Mundahl and Benton (1990) found that post-molting mor
tality in rusty crayfish increased dramatically when the temperature was 
held below 20" C, and rusty crayfish did not grow at temperatures below 14° 
C. They hypothesized that while rusty crayfish can survive cold tempera
tures during non-molting and non-growing periods, consistently cold temper
atures are detrimental to them. In their native range, rusty crayfish typi
cally avoid spring-fed streams with constant 12-14° C temperatures,
presumably because these temperatures inhibit molting (Prins 1968). 

Water temperatures around 15° C in our upper section of the Prairie 
River, and 19° in our middle section were recorded; ambient air temperatures 
during this time were 30-32° C. The upper stream reaches have substantial 
cold spring-water influence and canopy cover, subsequently lower tempera
tures, and less suitable habitat than the lower reaches, and would be subop
timal for rusty crayfish molting and survivorship during the majority of the 
year. Optimal temperature is a limiting resource in many poikilothermic or
ganisms causing intraspecific competition (Magnuson et al. 1979). Imma



22 THE GREAT LAKES ENTOMOLOGIST Vol. 31, No.1 

turtls of many species, including the rusty crayfish, are often attacked and 
displaced into thermally suboptimal habitat (Beitinger and Magnuson 1975, 
Mundahl and Benton 1990). We found exclusively juveniles in the upper sec
tion of the Prairie River, most of which appeared injured This suggests that 
rusty crayfish are on the very edge of their thermal tolerance and adults 
have displaced juveniles into areas further upstream. The temperature intol
erance of the non-native rusty crayfish may be keeping it from the upper 
reaches of the Prairie River even though the same temperature change does 
not seem to affect the native invertebrates. 

In summary, it appears that a high abundance of rusty crayfish may im
pact Wisconsin lotic systems. Rusty crayfish presence in a natural stream 
correlates with a substantial decrease in macroinvertebrate density. Further 
research will be needed to elucidate the mechanisms of faunal interaction, 
the possibility of rusty crayfish thermal tolerance and range expansion, and 
overall rusty crayfish potential for harming Wisconsin trout fisheries. 
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NEW DISTRIBUTION RECORDS OF SOMATOCHLORA HINEANA 
(ODONATA: CORDUlIlDAEj 

Wayne P. Steffens1 

ABSTRACT 

New records for Somatochlora hineana in Michigan are reported, ex
tending the known distribution of the species by nearly 2QQ kIn to the north
east. Habitats are rich fens with shallow creeks, springs, small pools, and 
marl deposits. 

Prior to 1987, breeding populations of Somatochlora hineana Williamson 
were known only from Ohio, and the species has possibly been extirpated 
there (Vogt and Cashatt 1994). In 1987, Tim Vogt identified a specimen col
lected in 1983 at Lockport Prairie Nature Preserve in Cook County Illinois. 
Also in 1987, William Smith collected a specimen in Door County, Wisconsin 
that was later identified by Tim Vogt. Suhsequent surveys found several lo
calized breeding locations in northeast Illinois and Door County, Wisconsin 
(Vogt and Cashatt 1994). Single specimens have been collected in Alabama 
and Indiana (Bick 1983, Montgomery 1953, Vogt and Cashatt 1994), but 
these have not been associated with breeding populations. In 1995 S. 
hineana was added to the federal endangered species list (Shumate 1995). 

The Upper Peninsula of Michigan was surveyed for the species in 1997, 
and seven new sites were found within 12 kilometers of Horseshoe Bay in 
eastern Mackinac County. This is a range extension of nearly 2QQ km from 
the nearest sites in Door County, Wisconsin, and these are the most 
northerly sites to date. All individuals were observed between 22 July and 
14 August, in or near minerotrophic fens interspersed with conifer swamp. 
Like most of the other sites, these new sites lie on shallow carbonate 
bedrock, with small creeks, seeps and springs. Marl deposits are extensive at 
several sites. Unlike other sites, several of the Michigan sites have high mi
crosite diversity, with acidic hummocks scattered throughout the alkaline 
fens, and all but one are in the Lake Huron watershed. Six other species of 
Somatochlora were present at some sites, including S. forcipata (Scudder), S. 
incurvata Walker, S. kennedyi Walker, S. minor Calvert, S. walshii (Scud. 
der), and S. williamsoni Walker. This is in contrast to Wisconsin sites, where 
S. minor, S. walshii and S. williamsoni are the only congeners associated 
with S. hineana, and only the latter with any frequency (William Smith pers.
camm.). 

Only 14 verified adults and several probable S. hineana adults were col
lected or observed. Most individuals were observed on clear or partly cloudy 
days with temperatures (}f at least 18" C, although one male was observed 
patrolling on a warm afternoon in intermittent fog. Males were observed on 

IP.O. Box 16593, Duluth, MN 55816. 
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afternoon feeding flights along logging roads near potential breeding sites on 
two occasions, a behavior reported by Vogt and Cashatt (1994) at some Illi
nois and Wisconsin sites. 

Breeding status at these new sites has not been confirmed, as larval sur
veys were not conducted and no exuviae were found. One adult female was 
netted as it descended vertically to the water among a clump of sedges in an 
apparent oviposition attempt, and one probable S. hineana female with ap
parent mud on the terminal abdominal segments was observed by Tim Vogt. 
Males were observed patrolling and defending territories over shallow « 2.5 
cm.) trickles at 2 sites. 

Much of the potential habitat in the Upper Peninsula was extremely dry 
in 1997, making survey conditions less than optimal. Surveys will continue 
in both upper and Lower Michigan in 1998, and a more detailed report will 
be published later. 
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BUTrERFLY (LEPIDOPTERA: LYCAENIDAE, NYMPHALIDAE, AND 

SATYRIDAE) FAUNAS OF THREE PEATLAND HABITAT TYPES IN THE LAKE 


SUPERIOR DRAINAGE BASIN OF WISCONSIN 


Jeffrey C. Nekola1 

ABSTRACT 

The butterflies which complete their entire life cycle within peatland 
habitats were documented in the Lake Superior drainage basin of northwest
ern Wisconsin. Seventy peatlands were inventoried over the course of the 
1996 growing season, and were classified as either muskeg, kettlehole, or 
coastal sites. Muskeg peatlands were of similar elevation to the surrounding 
uplands, possessed drier and more nutrient-poor substrates, and were typi
cally larger than other peatland types. Kettlehole peatlands were wetter and 
had floating Sphagnum mats which fringed lake margins or were in depres
sions much lower than the surrounding uplands. Coastal peatlands were lo
cated in estuaries along the Lake Superior coast, and possessed relatively eu
trophic, wet soils. Muskeg sites harbored the most diverse total fauna, and 
possessed the highest average number of taxa per site. A highly significant 
correlation between habitat size and butterfly richness was observed in both 
muskeg and kettlehole peatlands. The muskeg fauna included five taxa not 
found in other peatland habitats. These species have arctic-boreal affinities 
and reach their southern range limit in eastern North America on these 
sites. 

Even though peatlands are moderately frequent and widely distributed 
across northern Wisconsin, relatively few systematic studies of their biodi
versity has been conducted. Curtis (1959) described only a single peatland 
community type (open bog) in northern Wisconsin, and characterized its veg
etation based upon only 17 stands. Contemporary ecological investigations of 
Wisconsin peatlands have been largely limited to fens in the southeastern 
counties (e.g., Reed 1985, Carpenter 1990). The first intensive butterfly sur
veys of northern Wisconsin peatlands (e.g., Ebner 1970, Masters 1971a, 
1971b, 1972, Ferge & Kuehn 1976) uncovered a group of boreal and/or arctic 
taxa (Clossiana eunomia dawsonii (Barnes & McDunnough), 1916; Clossiana 
freija (Thunberg), 1791; Clossiana frigga saga (Staudinger), 1816; Erebia dis
coidalis (Kirby), 1837; Oeneisjutta (Hiibner), 1805) which reach the southern 
limit of their eastern North American range on these sites. However, these 
studies did not systematically inventory all peatland sites within a region, or 
compare faunas of different types of peatlands. 

Recent ecological analyses of peatlands in northern Minnesota (Glaser 
1987) and Michigan (Crum 1992) have documented a great diversity of peat

lDepartment of Natural and Applied Sciences, University of Wisconsin-Green 
Bay, Green Bay, WI 54311. 
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lands, ranging from highly minerotrophic fens to ombotrophic bogs. Based on 
these investigations it appears that any monolithic view of northern Wiscon
sin peatlands is an oversimplification. Unpublished plant community, water, 
and soil chemistry data (Eric Epstein and James Meeker, pers. comm.) sug
gest that three broad classes of peatland habitats can be recognized in north
ern Wisconsin. Muskeg sites are dominated by an open Black Spruce (Picea 
mariana (Mill.) BSP.}-Carex oligosperma Michx.-Eriophorum spis8um 
Fern.-Sphagnum savanna, are relatively dry (except in the proximity to 
moats or bog lakes) and are oligotrophic. These sites usually have an eleva
tion similar to their surrounding uplands. Kettlehole peatlands are much 
wetter and commonly contain floating Sphagnum-Leatherleaf (Chamae
daphne calyculata (L.) Moench.) mats. These sites range from very olig
otrophic to eutrophic, depending upon the nature of infiltrating groundwater, 
and typically fringe lakes or occur in depressions much lower than their sur
rounding uplands. Coastal wetlands, located in estuaries along the Lake Su
perior Coast, are wet and relatively eutrophic sites dominated by Tamarack 
(Larix lamina (DuRoi) K.Koch) and Carex lasiocarpa Ehrh. Acid Sphagnum
dominated microhabitats are limited to small islands or ridges typically situ
ated near upland margins. 

In conjunction with a Wisconsin Department of Natural Resources 
(WDNR) investigation of Lake Superior coastal wetlands, butterfly faunas 
were documented in all accessible peatlands within the Lake Superior 
drainage basin in Ashland, Bayfield, Douglas, and Iron counties of northwest
ern Wisconsin. From these data it was possible to assess the faunistic similari
ties and species diversity patterns between peatland sites, as well as the adult 
behavior and microsite preferences of individual peatland-obligate species. 

METHODS 

Site selection. Identification of all high-quality peatlands within or ad
jacent to the Lake Superior drainage basin was accomplished by a fly-over of 
the study area on May 20,1996 in a small aircraft. Approximately 5~ hours 
of flight time were required to survey the entire region at an altitude of 5000
6000 feet in north-south transects running approximately 6 miles apart. Po
tential survey sites were marked on USGS topographic quads. Other high
quality sites were identified through review of the Biological Conservation 
Database (BCD) of the WDNR Bureau of Endangered Resources (WBER). A 
few additional sites were also recommended by Eric Epstein and others in 
the staff of the WBER. Through this process a total of 70 sites were selected 
for inventory: 37 were muskegs, 23 were kettleholes, and 10 were coastal 
sites. While an attempt was made to inventory all high-quality peatlands 
within the region, some (like the Kakagon Sloughs) were not surveyed due to 
difficulty in political and/or physical access. 

Sampling. The location in longitude-latitude of each surveyed site was 
determined through digitization of USGS 7.5 minute topographic quads. The 
centroid, area and perimeter of each was calculated using the Atlas Draw 
software package. 

Sites were surveyed at approximately 1-2 week intervals throughout the 
1996 growing season for a total of 4-6 visits. Visits were made at more fre
quent intervals early in the season when a number of closely spaced emer
gences occur. Later in the season when emergences were more temporally 
separated and when individual populations were in flight for longer periods 
of time, intervals increased to three weeks. Each visit lasted for 15-90 min
utes, depending upon site size. During this time a list was made of all en



THE GREAT LAKES ENTOMOLOGIST1998 29 

countered butterfly and skipper taxa. Observations were also made of the 
spatial location of individuals within sites, their preferred areas of occur
rence, nectar sources, and oviposition locations. Voucher specimens for most 
peatland-limited taxa were made from each site. These specimens are housed 
at the University of Wisconsin-Green Bay. 

Cumulative species lists for all taxa which live out their entire life-cycle 
within peatland habitats (Clossiana eunomia dawsonii; Clossiana freija; 
Clossiana frigga saga; Clossiana titania (Esper), 1793; Coenonympha inor
nata Edwards, 1861; Erebia discoidalis, Incisalia augustinus (Kirby), 1837; 
Lycaena dorcas Kirby, 1837; Lycaena epixanthe (Boisduval & LaConte), 1833; 
Oeneis jutta) were generated. No obligate peatland taxa from the families 
Hesperiidae, Papilionidae, or Pieridae were observed. Throughout this re
port, nomenclature of Opler and Krizek (1984) has been used for butterflies, 
and Fernald (1950) for vascular plants. 

Site-specific species lists were augmented with any additional reports or 
collections from the Milwaukee Public Museum or the WBER BCD of species 
which were not observed during this work, but have been previously docu
mented. Only 5 such occurrences were added to the entire data set. By com
parison, 155 individual occurrences of peatland-obligate populations were 
noted through field sampling. 

Data analysis. The frequency of peatland butterfly taxa within each 
peatland group was measured by counting the total number of occurrences of 
each species across all examples of each habitat type. Significant differences 
between these frequencies were tested using Log-likelihood Ratio contin
gency table analysis (Zar 1984). Pearson's chi-square statistic was not used 
due to the high number of taxa absent from kettlehole and coastal peatland 
habitats. 

Differences between the average size and richness of the three peatland 
types were analyzed using ANOVA. For richness, this analysis was also con
ducted on the subset of sites falling within the range of overlap in habitat 
size for the three peatland types (2.68-34.31 ha). 

The relationship between species richness vs. natural log of habitat size 
for each of the habitats was analyzed using linear regression. Natural-log 
transformed habitat size was used as the independent variable in these mod
els as it provided a better fit for the assumptions of linear regression than 
the untransformed data. The testing of differences between the best-fit 
slopes and intercepts for those habitats demonstrating a significant species
area relationship were determined by analyzing the significance of a binary 
variable (representing habitat type) which was added into the models (follow
ing methods outlined in Kleinbaum et al. 1988). 

RESULTS 

Size and distribution of peatland sites. A strong statistical difference 
(p=0.007; ,.2=0.136) was observed in mean size of the three peatland types 
(Table 1). Average muskeg size was 300% greater than average coastal peat
land size, which was 50% greater than average kettlehole peatland size. 

Muskegs were found to be limited to the general vicinity of the divide 
basin (Figure 1). While occurring in all four counties, none were located in 
the pitted outwash plain extending from eastern Douglas to eastern Bayfield 
County. Kettlehole peatlands occurred in all four counties, but were most fre
quently encountered in the pitted outwash plain extending from Brule in 
Douglas County to Lake Owen in central Bayfield County. Coastal peatland 
sites were essentially limited to the Bayfield Peninsula, although three sites 

http:2.68-34.31
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Table 1. ANOVA of peatland size (in hectares) vs. peatland type. 

Standard 
Peatland Type Min Max Mean Deviation 

Muskeg 1.59 288.1 37.41 50.22 
Kettlehole 0.49 67.24 6.98 14.36 
Coastal 2.68 34.31 11.55 9.79 

Summary of ANOVA analysis: r2=.136; p=0.007 

were also encountered on Madeline Island. A number of additional coastal 
peatland sites occur in the Apostle Islands (Judziewicz and Koch 1993) and 
the Kakagon Slough, but were not sampled due to logistical and time con
straints. 

Butterfly faunas of peaUand habitats. A total of ten peatland-oblig
ate butterfly taxa were from muskeg sites (Table 2). The most frequent of 
these were Incisalia augustinus (recorded from 81% of surveyed sites), Clos
siana eunomia dawsonii (43%), Oeneis jutta (41%), Lycaena dorcas (35%), 
and Clossiana freija (32%). Five peatland-obligate taxa were located from 
kettlehole sites. The most frequent of these were Clossiana eunomia daw
sonii (recorded from 58% of surveyed sites), Incisalia augustinus (33%), and 

*= Muskeg • = Kettlehole = Coastal 
Figure 1. Location ofthe Lake Superior drainage basin in northwestern Wis
consin and of surveyed peatland sites. 
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Table 2. Absolute and relative occurrence frequency of peatland-obligate butterfly taxa 
among the three peatland types 

Peatland Type 

Muskeg Kettlehole Coastal 

Taxon Abs. &1. Abs. &1. Abs. &1. 

lncisalia augustinus 
Clossiana eunomia dawsonii 
Oeneis jutta 
Lycaena dorcas 
Clossiana freija 
Lycaena epixanthe 
Clossiana titania 
Coenonympha inornata 
Clossiana frigga saga 
Erebia discoidalis 

Total Sites Sampled 

30 
16 
15 
13 
12 

7 
6 
4 
2 
2 

37 

81% 
43% 
41% 
35% 
32% 
19% 
16% 
11% 
5% 
5% 

8 
14 
3 
0 
0 
7 
0 
1 
0 
0 

23 

35% 1 10% 
61% 4 40% 
13% 0 

0 
0 

30% 9 90% 
0 

4% 4 40% 
0 
0 

10 

Log-liklihood Ratio test statistic: 66.68 
Degrees of freedom: 18 
p: <0.00001 

Table 3. ANOYA of peatland-obligate butterfly richness per site as a function of peat
land type. 

Peatland Sites within range 

Type All sites of habitat size overlap 


n Mean Std. Dev. n Mean Std. Dev. -------------------Muskeg 37 3.00 2.07 22 2.46 1.68 
Kettlehole 23 1.38 1.14 9 2.33 1.23 
Coastal 10 2.00 1.16 10 2.00 1.16 

Summary ofANOYA analysis for: All sites-r2 =.168; p =0.002 
Sites within overlap range---r2 =.017;p =0.725 

Lycaena epixanthe (29%). Four peatland-obligate taxa were located from 
coastal peatland sites. The most frequent of these were Lycaena epixanthe 
(recorded from 90% of surveyed sites), Clossiana eunomia dawsonii (40%), 
and Coenonympha inomata (40%). These differences in species frequency be
tween peatland types proved to be highly statistically significant (p<.OOOOl)

Species diversity patterns. Significant differences (p<O.002; r2:::0.168) 
were observed in mean site richness of peatland-obligate species across the 
three peatland types (Table 3), with muskegs typically being the richest (3 
taxa/sIte), followed by coastal (2 taxa/site), and kettlehole (1.38 taxa/site) 
sites. A strong relationship was also found between log-transformed habitat 
size and species richness in all but coastal peatland habitats (Figure 2; Table 
4). Natural-log transformed habitat area was found to explain 41%,52%, and 
14% of the observed variation in peatland-restricted species richness of 
muskeg, kettlehole, and coastal peatland habitats, respectively. 

When the ANaVA of richness by peatland type was recalculated using 
only those sites within the range of overlap in habitat size between all three 
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Figure 2. Relationship between richness of peatland taxa and natural-log 
transformed site area for all three peatland types. 

habitats, no significant differences (p=O.725) were noted between groups. 
Comparison of the species-area relationships for muskeg and kettlehole peat
lands (Table 4) also demonstrated no significant differences between their 
best-fit intercepts (p=O.179) and slopes (p=0.460). 

Table 4. Summary statistics for obligate-peatland butterfly species richness vs. peat
land area for the three peatland types. The independent variable in this analysis is the 
natural-log transformed habitat size of each peatland site in hectares. 

Muskeg Kettlehole Coastal 

Intercept -0.385 0.628 3.037 
Intercept Std. Error 0.737 0.236 0.996 
Interceptp 0.605 0.015 0.016 
Slope 1.123 ().854 -0.488 
Slope Std. Error 0.228 0.118 0.437 
Slopep 0.000 0.000 0.297 
r2 0.409 0.521 0.135 

p-value for difference in intercept between muskeg and kettlehole sites: 0.119 
p-value for difference in slope between muskeg and kettlehole sites: 0.460 
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Peatland taxa distribution, ecology and behavior 

LYCAENIDAE 

Incisalia augustinus Westwood 

This is the most frequent peatland-obligate butterfly in northwestern 
Wisconsin, being observed at 6 Ashland, 7 Bayfield, 17 Douglas, and 9 Iron 
county stations. While occurring in all peatland types, populations were most 
frequently encountered in muskegs, and almost completely avoided coastal 
sites. Individuals were often found roosting and nectaring on Heaths, partic
ularly Leatherleaf. 

Lycaena dorcas Kirby 

This taxon was limited to 6 Ashland, 1 Bayfield, 3 Douglas, and 3 Iron 
County muskeg sites. No more than 5 individuals were noted at any site. 
Most adults were observed in relatively dry, open site centers. No oviposition 
or nectaring was observed. Shrubby Cinquefoil (Potentilla fruticosa L.), the 
host plant typically listed for this species (e.g., Newcomb 1910, Opler and 
Malikul 1992), does not occur on any of the observed stations, and is not 
known to occur within 150 km of the study region. While Laplante (1985) 
also lists Marsh Cinquefoil (Potentilla palustris (L.) Scop.) as a host for east
ern Canadian populations, only once during field work were individuals ob
served flying in its vicinity. Strangely, no populations were found from 
coastal peatlands which supported the largest Marsh Cinquefoil populations. 
Use of some other unidentified larval host is likely in this region, possibly 
Cranberry (Vaccinium oxycoccus L.). 

Lycaena epixanthe Boisduval & LeConte 

This species was located at 5 Ashland, 11 Bayfield, 4 Douglas, and 3 Iron 
County peatlands. While occurring in all peatland types, populations were 
always restricted to wet, open Sphagnum mats with abundant Cranberry. 
Most muskeg and kettlehole populations were located on floating Sphagnum 
lawns immediately adjacent to bog lakes or next to roadsides where drainage 
had been impeded. In coastal peatlands it was restricted to Sphagnum is
lands within more eutrophic Carex lasiocarpa mats. At only one site were 
more than 25 individuals observed. 

NYMPHALIDAE 

Clossiana eunomia dawsoni (Barnes & McDunnough) 

This taxon was located at 17 Bayfield, 15 Douglas, and 2 Iron County 
peatlands. Populations were observed from all peatland types, Although fre
quent in the western section of the study region, it was not observed on 
seemingly appropriate sites ranging from eastern Bayfield to central Iron 
County. Fewer than 5 individuals were noted at most stations. Individuals 
were largely seen on very wet Sphagnum islands or floating mats supporting 
a dense growth of Cranberry and Pitcherplant (Sarracenia purpurea L.), 
Oviposition on Cranberry was observed in 1995 in northeastern Wisconsin. 
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Cranberry has been identified as the larval host for eastern Canadian popu
lations (Laplante 1985). Adults were frequently seen at site margins nectar
ing on Labrador Tea (Ledum groenlandicum Oeder.). 

Clossiana freija (Thunberg) 

This species was limited to 9 Douglas and 3 Iron County muskeg sites. 
Individuals were most frequently observed in dry Heath-Carex oiigosperma 
openings, usually near site centers. These observations counter Opler and 
Krizek (1984) who state this species prefers bog margins. Individuals rapidly 
flew at or just above the cover of dead, matted Sedge leaves. Favored roost
ing sites appeared to be low, Sphagnous areas which were protected from the 
wind by the previous year's dead Sedge growth. In June of 1997 oviposition 
was noted on Cranberry in northeastern Wisconsin. 

Clossiana frigga saga (Staudinger) 

This taxon was only observed on single muskeg sites in Douglas and Ash
land counties. Both were large and supported colonies of Bog Birch (Betula 
pumila L.) and Bog Willow (Salix pedicellaris Pursh.). Adults had an ex
tremely rapid flight, and roosted on various low shrubs. Although Bog Birch 
has been listed as the host plant in northern Michigan (Opler and Krizek 
1984), adults exhibited a much stronger association with Bog Willow, and 
were always limited to its immediate vicinity. Shrub willows have been noted 
as the host for C. frigga saga in Alberta (Opler and Krizek 1984). 

Clossiana titania (Esper) 

This species was limited to 6 muskeg sites in western Douglas County. 
All of these had extensive dry Heath-Carex oligosperma openings support
ing Clossiana freija populations. Adults were only rarely seen within sites, 
however, and were most often observed nectaring and mating up to ~-mile 
from sites along upland openings and roadsides. Roadsides may serve as mi
gration corridors, as individuals frequently patrolled these habitats. Oviposi
tion plants and larval hosts have not yet been noted. 

SATYRIDAE 

Coenonympha inornata Edwards 

This species was observed at 1 Ashland, 5 Bayfield, and 3 Douglas county 
peatland sites. It has also been located from at least 10 additional upland 
stations in the study region, including old fields and sand barrens. Peatlands 
harboring this species all possessed large, Sedge-dominated openings. Indi
viduals were often scattered and rare within sites. Nectaring and oviposition 
were not noted for any of these populations. 

Erebia discoidalis (Kirby) 

This species was only located from single muskeg sites in Ashland and 
Douglas counties, with only single individuals being noted at each site. Both 
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locations have extensive Carex oligosperma and Eriophorum spissum mead
ows. Individuals from this region, as well as those from northeastern Wiscon
sin, appear to most frequently patrol the margins of these openings. Oviposi
tion and nectaring has not been observed. 

Oeneisjutta (Hubner) 

This species was observed from 4 Ashland, 4 Bayfield, 8 Douglas, and 2 
Iron county peatland sites. Populations were most frequently encountered in 
muskegs, but were absent from coastal sites. Kettlehole populations were 
limited to sites possessing well developed Black Spruce groves. Rarely were 
more than 10 individuals observed within a single site. Contrary to Masters 
and Sorenson (1969), individuals did not favor bog edges, but were rather en
countered throughout sites in Black Spruce groves adjacent to Eriophorum 
spissum openings. Individuals roosted on small Spruce branches with wings 
folded and were well camouflaged. When flushed, their flight was rapid and 
quick, and usually limited to the extent of the nearest opening. Nectaring 
was observed on Labrador Tea. Oviposition has not been witnessed. 

DISCUSSION 

Faunas of the three peatIand types. Muskeg sites physically differed 
from other peatlands in their larger size, and their drier and presumably 
more nutrient poor soils. The wettest microsites on these habitats were lim
ited to moats at site margins and to floating mats at the edge of bog lakes. 
Five taxa (Clossiana freija, Clossiana frigga saga, Clossiana titania, Erebia 
discoidalis, Lycaena dorcas) were restricted to muskegs. Two of these (Clos
siana freija, Lycaena dorcas) were among the more frequently encountered 
muskeg taxa. The number of taxa observed per site was significantly greater 
than in other peatland types. This difference is apparently related to the 
larger average size of muskegs, as no significant differences were observed in 
richness when habitat size was limited to the range of overlap between the 
three peatland types. This conclusion is also supported by the statistically 
similar species-area relationships found between muskeg and kettlehole 
sites. However, the relationship between site area and species richness is un
doubtedly related to more than simple area-sensitivity of the species con
cerned. As all species which are limited to muskegs are restricted to dry 
Heath-Sedge meadows, the lack of this microhabitat from smaller peatlands, 
rather than habitat size, per se, may be the actual factor limiting their occur
rence. 

Kettlehole sites were generally smaller and wetter than muskegs. Plant 
communities varied greatly between sites, ranging from acid Leatherleaf 
mats to inundated Sedge meadows and floating Sphagnum lawns. No taxa 
were restricted to this peatland type. While the two most frequent taxa are 
shared between kettleholes and muskegs (Clossiana eunomia dawsonii, In
cisalia augustinus), the third most frequent kettlehole taxon (Lycaena epix
anthe) was only the sixth most frequent muskeg taxon. Species richness of 
kettlehole sites was half that observed from muskegs. 

Coastal peatlands were typically dominated by open tamarack groves 
and opening meadows of Carex lasiocarpa and Carex lacustris Willd. These 
sites also harbored a number of relative calciphiles such as Triglochin mar
itima L., Salix candida Flugge, and Scirpus hudsonianus (Michx.) Fern. 
Sphagnum-dominated islands or ridges set above the Sedge turf were the 
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only microhabitats within coastal sites which supported acidophilic plants 
Gike Cranberry) and peatland-obligate butterfly populations. The dominant 
obligate butterfly of coastal peatlands (Lycaena epixanthe) was much less fre
quent in the other habitats. However, coastal peatlands harbored the fewest 
total taxa, and had the fewest average taxa per site of all peatland types 
sampled. Additionally, coastal peatlands were the only type to not demon
strate a significant species-area relationship. 

Within-site distribution of peatland taxa. Most published reports on 
the within-site distribution of the surveyed taxa (e.g., Masters and Sorenson 
1969, Masters 1971a, 1971b, Opler and Krizek 1984) suggest that peatland 
margins are preferred by adults. This was not found to be the case during 
this study. 

In muskegs, Coenonympha inornata, Clossiana {reija, Erebia discoidalis, 
Incisalia augustinus and Lycaena dorcas adults were most often found in 
open Carex oligosperma meadows in site centers. Clossiana frigga saga was 
always found in proximity to its host plant, Bog Willow, which can occur from 
the center to margin of sites. Geneis jutta was usually found flying within or 
at the periphery of Black Spruce groves throughout sites. Although appar
ently requiring Carex oligosperma meadows for larval life stages, adult Clos
siana titania were mostly found adjacent to sites in upland borders possess
ing abundant nectar sources. Only Clossiana eunomia dawsonii and Lycaena 
epixanthe were reliably encountered at site margins, as their preferred habi
tat (floating Sphagnum mats) develop on moats. However, these two species 
were also commonly found on floating mats surrounding lakes in site centers. 

In kettleholes, peatland butterflies (particularly Clossiana eunomia daw
sonii and Lycaena epixanthe) favored Sphagnum lawns surrounding or is
lands within central lakes. Geneis jutta adults were observed flying only in 
proximity of Black Spruce groves, which were limited to dry areas within the 
largest sites. . 

In coastal sites, all peatland taxa were restricted to isolated Sphagnum 
ridges and islands. The lack of correlation between area covered by this mi
crohabitat vs. total site size (some large sites possess fewer Sphagnum 
patches than are present in smaller sites) may help explain the lack of ob
served relationship between species richness and total habitat size in this 
peatland type. A more accurate assessment of species-area relationships in 
coastal peatlands will probably require estimation of area covered by Sphag
num islands within each site. 

Biogeographic relationships of the peatland faunas. Four of the 
peatland taxa (Clossiana eunomia dawsonii, Coenonympha inornata, In
cisalia augustinus, and Lycaena epixanthe) were common to all peatland 
types. These taxa have boreal, western, and northeastern ranges respectively 
(Scott 1986). Geneis jutta, found in both muskeg and kettlehole peatland 
sites, also has a boreal range (Scott 1986). The remaining five taxa (Clos
siana (reija, Clossiana frigga saga, Clossiana titania, Erebia discoidalis, Ly
caena dorcas), all restricted to muskeg sites, range to northern Alaska and 
the high arctic islands ofCanada (Scott 1986). All five of these species appear 
to favor dry, open Sedge-Heath meadows, which often constitute a large pro
portion of muskeg sites. The limitation of these arctic-boreal species to this 
microhabitat may indicate that muskeg Sedge-Heath meadows, from a lepi
dopteran point of view, may represent the closest analogue to tundra and 
taiga environments in northern Wisconsin. 

From these analyses it is clear that all peatland areas in northwestern 
Wisconsin are not equal in relation to their butterfly faunas. Muskeg peat
lands possess a significantly different fauna from kettlehole and coastal 
sites, and harbor twice the total number of taxa, as well as up to three times 



THE GREAT lAKES ENTOMOLOGIST1998 	 37 

the number of taxa per site as compared to the remaining peatland types. 
The muskeg fauna is also significantly enriched in arctic-boreal taxa. These 
results suggest that a multiplicity of peatland ecosystems in Wisconsin 
should be recognized to help us better characterize the biological diversity of 
these sites. 
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FAUNAL COMPOSITION, WING POLYMORPHISM AND SEASONAL 
ABUNDANCE OF SOME FLEA BEETLES (COLEOPTERA: 
CHRYSOMELIDAE) IN SOUTHERN QUEBEC [CANADA) 

Claire Levesque and Gilles-Yvon Levesque 1 

ABSTRACT 

Chrysomelidae (51 taxa) were collected with flight intercept traps from 
May through October during 1987-1989, in four sites near a raspberry plan
tation in southern Quebec. More species and individuals of phytophagous 
flea beetles occurred in two open sites than at a pine woods-raspberry field 
boundary and in a pine woods. Longitarsus luridus complex, an immigrant 
taxon in North America, represented 58% of all captures in the two open 
sites where both Ranunculus acris and Plantago spp. are its main host 
plants; this species and Longitarsus rubiginosus were almost exclusively rep
resented by jumping apterous adults in pans of flight intercept traps. The 
seven most abundant chrysomelid species from Johnville are probably all 
univoltine, and they are apparently not serious raspberry pests. Three life 
cycle types are apparent: L. luridus complex oviposit in autumn and overwin
ter as adults. Capraita subvittata, Chaetocnema minuta, Epitrix cucumeris, 
Phyllotreta striolata and Tricholochmaea alni also overwinter as adults but 
oviposition begins in spring. Longitarsus rubiginosus oviposits in autumn, 
overwintering in the egg and/or larval stage. 

The Chrysomelidae is one of the largest families of beetles well-repre
sented in all faunal regions. Both larvae and adults of most species are plant 
feeders. Most crop plants are attacked by one or more species of the family. 
Some species are also important as vectors of plant diseases (Campbell et al. 
1989). 

In North America, attention has been given to the faunal composition of 
chrysomelids injurious to cruciferous plants (e.g. Tahvanainen 1972, Vincent 
and Stewart 1981, Wylie 1979), and to species found in potato (Solanum 
tuberosum) (Boiteau 1983) and sweet corn (Zea mays) fields (Adams and Los 
1986). In addition, studies have been carried out on species associated with 
meadow goldenrods (Solidago spp.) (Messina and Root 1980), and with milk
weed (Asclepias) species (Dailey et aL 1978, Price and Willson 1979). The 
faunal composition of flea beetles has been also analyzed in a Kansas native 
prairie (Greene 1970), in nine wetlands in Wisconsin (Lillie 1991), and in 
spring flood debris along the Ottawa River (Canada) (LeSage et al. 1994). 
Nevertheless, the composition of chrysomelid fauna in several North Ameri
can ecosystems remains unknown, particularly in small fruit crops. 

We found many individuals of this family in flight intercept traps, during 
a study of beetles in a raspberry (Rubus idaeus) plantation and adjacent sites 

1 291 rue des Diamants, Fleurimont, Quebec, Canada JIG 4Al. 
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in southern Quebec. Since chrysomelid species may be pests in raspberry 
plantations (Campbell et aI. 1989), we present results on the faunal composi
tion of flea beetles in four sites adjacent to a raspberry plantation in south
ern Quebec, and also the seasonal activity of some abundant species, over a 
three-year period (1987-1989). 

MATERIALS AND METHODS 

The beetles were collected from early May through late October durin~ a 
three-year period, on a monocultural raspberry farm at Johnville (45°26 N, 
7r41'W, about 240 m a.s.I.), near Sherbrooke, in southern Quebec, Canada. 
Levesque and Levesque (1992) presented detailed information about the 
study sites, including a map and description of plant communities. 

We studied beetles flying close to the ground with flight intercept traps 
at four sites: (A) an open site near the center of the plantation, about 20 m 
from old raspberry plants; (B) an open site near a pond, about 5 m from 
young raspberry plants; (C) a pine woods-raspberry field boundary; and (D) a 
pine woods dominated by eastern white pine, Pinus strobus. These traps 
were not located between rows of raspberry plants because of grower's activi
ties and public access during harvest. Flight intercept traps were modified 
from the large-area "window" trap design (Peck and Davies 1980). Each con
sisted of a gray 1.5 mm mesh window screen (1.22 m height, 1.52 m width, 
about 1.85 m2 of surface) fastened to a wooden frame. The frame itself was 
suspended by two lateral triangular wooden supports (1.83 m at the base, 
1.25 m height), 2-4 cm over a set of two galvanized metal pans (25 by 61 cm 
at the top, 7.5 cm deep, white painted) which were placed directly on the 
ground. The insects were caught in pans partially filled with 2% formalin so
lution into which a few drops of detergent were added. We installed one flight 
intercept trap in each site; the pine woods trap (D) was only operated in 1988 
and 1989. Samples were collected twice a week and were pooled weekly. 

In all traps, formalin was used as a killing and preserving agent as well 
as to prevent escape and predation, in spite of its potential selective effect as 
repellent or attractant to some beetle species (Adis 1979). Adults paler than 
usual and with soft integument were classified as teneraIs. We use the termi
nology "Longitarsus luridus complex" because the exact species identification 
of the specimens cannot be obtained without a revision of this group (LeSage 
pers. comm.). 

RESULTS AND DISCUSSION 

Faunal composition of chrysomelid catches. We collected 1049 
adults belonging to 51 taxa, almost exclusively in the three flight intercept 
traps (A, B, C) near raspberry plants (Table 1). Only 12 beetles of 9 species 
were captured in the pine woods trap (D) (Table 1). The number of species 
was of 38 in the open site A, 35 in the open site B and 21 at the boundary. 
The catch number was similar in the two open sites, 489 in the site A and 
444 in the site B, whereas 104 adults were captured in the site C (Table 1). 
The vegetation was richest in the three sites near raspberry plants than in 
the pine woods (Levesque and Levesque 1992). 

In Poland and Switzerland chrysomelid associations, meadow faunae 
principally differ from forest faunae by the greater number of species and in
dividuals (Krause 1981, Wasowska 1989a, b). Except for open habitats with a 
large admixture of willows and deciduous shrubs, the majority of forest com
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Table 1. Thtal catches of ehrysomelidae species in flight traps at Johnville, Quebec 
(1987-1989). 

Open Open 
site site 
near near Boun- Pine 

Species 
center 

(Al 
pond 

CB) 
dary 
(e) 

woodsa Biogeo
(D) Thtal Wingsb graphy" 

Altica comi Woods 5 5 9 0 19 M 
Altiea ulmi Woods 4 3 9 0 16 M 
AUica sp.l 1 0 0 0 1 M 
Altiea sp.2 3 0 0 0 3 M 
CalUgrapha multipunctata 

bigsbyana (Kirby) 0 2 0 0 2 M 
Capraita subvittata(Horn) 1 2 26 3 32 M 
Cassida rubiginosa O. F. Muller 1 0 0 0 1 M I 
Chaetocnema coneinna (Marsh.) 3 0 1 0 4 M I 
Chaetocnema cribrifrons Lee. 1 0 0 0 1 M 
Chaetocnema minuta Melsh. 15 25 1 0 41 M 
Crepidodera sp. 1 4 0 0 5 M 
Diabrotica barberi Smith & 

Lawrence 0 0 1 0 1 M 
Dibolia borealis ehev. 2 8 1 0 11 M 
Dibolia chelones Parry 4 0 1 0 5 M 
Distigmoptera borealis Blake 0 0 1 1 2 M 
Epitrix eueumeris (Harris) 20 3 7 1 31 M 
Exema canadensis Pierce 0 3 0 0 3 M 
Gastrophysa polygoni (L.) 1 0 0 0 1 M H 
Glyphuroplata pluto (Newm.) 1 0 0 0 1 M 
Glyptina prob. atriventris Hom 2 3 0 0 5 A(60%) 
Hippuriphila canadensis 

W. J. Brown 0 1 0 0 1 M 
Hydrothassa vittata (Oliv.) 1 0 0 0 1 ? H 
Longitarsus luridus complex 328 217 8 1 554 A(86%) I 
Longitarsus pratensis (Panzer) 5 16 2 0 23 M I 
Longitarsus prob. melanurus 

eMelsh.} 1 1 0 0 2 M 
Longitarsus prob. testaceus (Melsh.) 3 2 2 0 7 M(71%) 
Longitarsus rubiginosus (Foudras) 24 31 4 2 61 A(97%) 
Longitarsus sp.l 3 1 0 0 4 M 
Longitarsus sp.2 2 0 0 0 2 A 
Longitarsus sp.3 3 6 0 0 9 A(62%) 
Mantura chrysanthemi (Koch) 9 10 0 0 19 M 
Ophraella conferta (Lee.) 0 6 1 0 7 M 
Oulema melanopus (L.) 0 1 0 0 1 M I 
Pachybrachis sp. 0 0 0 1 1 M 
Paria fragariae Wilcox 2 2 4 0 8 M 
Phratora purpurea purpurea 

W. J. Brown 0 0 5 0 5 M 
Phyllotreta erueiferae (Goeze) 3 1 0 0 4 M I 
Phyllotreta striolata (Fab.) 22 22 13 1 58 M I 
Plagiodera versicolora (Laich.) 1 1 0 0 2 M I 
Plateumaris emarginata (Kirby) 1 0 0 0 1 M 
Plateumaris rufa (Say) 1 2 0 0 3 ? 

(Continued) 
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Table 1. (Continued). 

Open Open 
site site 
near near Boun- Pine 

center pond dary woods· Biogeo-
Species (A) (B) eC) (D) Total Wingsb graph}'" 

Psylliades napi (Fab.) 1 1 o 13M I 
Psylliades pic ina (Marsh.) 4 6 6 0 16 M I 
Psylliodes punctulata Melsh. 3 3 1 0 7 M 
Strabala rufa (Ill.) 0 0 1 0 1 M 
Sumitrosis inaequalis (Weber) 0 2 o 0 2 M 
Tricholochmaea alni (Fall) 4 25 o 1 30 M 
Tricholochmaea cavicollis (LeC.) 1 1 o 0 2 M 
Tricholochmaea decora decora (Say) 0 2 o 0 2 M 
Tricholochmaea spiraeae (Fall) 2 22 o 0 24 M 
Trirhabda borealis Blake 0 4 o 0 4 M 
Total 489 444 104 12 1049 
Number of taxa 38 35 21 9 51 

a Not sampled in 1987. 

bA =apterous individuals, M = macropterous individuals, ? =undetermined; the % is 

indicated in brackets only if it is less than 100%. 

cH =Holarctic species, I =Immigrant species in North America. 


munities have a poor chrysomelid faunae (Wasowska 1989a). In addition, 
both species richness and abundance of chrysomelids declined with increas
ing levels of shade in British conifer plantation woodland rides (Greatorex
Davies et aL 1994), supporting our observations at Johnville. 

Most Abundant Chrysomelids In Flight Traps. The dominant flea 
beetles in the two open sites (40 individuals or more) were Longitarsus 
luridus complex, L. rubiginosus (Foudras), Phyllotreta striolata (Fab.) and 
Chaetocnema minuta Melsh.; several adults (20 to 39 individuals) of Tri
cholochmaea alni (Fall), T. spiraeae (Fall). Epitrix cucumeris (Harris) and L. 
pratensis (Panzer) were also captured in sites A and B (Table 1). Capraita 
subvittata (Horn) was the most abundant species in the flight trap at the 
boundary (Table 1). All these taxa (except the genus Tricholochmaea Labois
siere) are Alticinae. 

Hill (1952) recorded only six chrysomelid species (all Alticinae) on culti
vated raspberry in Scotland: Phyllotreta undulata (Kutsch.), Chaetocnema 
concinna (Marsh.). Longitarsus membranaceus (Foudras), L. ganglbaueri 
Heik, L. suturalis (Marsh.) and L. luridus (Scopoli). At Johnville, only three 
C. concinna adults were collected, but L. luridus complex represented 58% of 
all catches by two flight traps in open sites (Table 1). In Poland, L. luridus 
occurred in pine forests only sporadically (Wasowska 1994). The dominance 
ofAlticinae was also observed in European cultivated meadows and pastures 
(Wasowska 1989b). 

Variations Of Chrysomelid Assemblages In Flight Traps. The an
nual taxa number in flight traps varied between 12 and 26 in site A, between 
20 and 26 in site B, and between 8 and 14 at the boundary. The number of 
taxa collected each year of the study was six in site A, 10 in site B, and four 
at the boundary. Any chrysomelid species was constant in the four traps. 
Only L. luridus complex and P. striolata were constant in the three traps (A. 
B, C) near raspberry plants. Four constant Alticinae (C. minuta, L. luridus 
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complex, L .pratensis and P. striolata) were collected in both open sites; they 
are eurytopic (Biondi 1996, Blades and Marshall 1994). 

Holarctic Or Immigrant ChrysomeUds In North America. Among 
the 51 taxa monitored by flight traps at Johnville, two Holarctic Chrysomeli
nae species, Gastrophysa polygoni (L.) and Hydrothassa vittata (Oliv.), were 
captured in open site A only accidentally (Table 1). At least 12 immigrant flea 
beetles in North America (or 24% of caught taxa) were collected by flight 
traps during our study (Table 1) (LeSage 1991); they were represented by 11 
taxa in site A, 10 in site B, six at the boundary and four in the pine woods. 
These immigrant chrysomelids, mainly Alticinae, represented 82% of adults 
captured in site A, 69% in site B, but only 33% of catches at the boundary. 

Additional Chrysomelids In Pitfall Traps. During the three-year 
study of beetles at Johnville, we also operated pitfall traps in raspberry plan
tations, at the woods-field boundary and in the pine woods. Levesque and 
Levesque (1992) presented detailed information about this method. Pitfall 
trapping resulted in the catch of only 37 flea beetles representing 11 species. 
Calligraph a pruni W.J. Brown and Charidotella sexpunctata bicolor (Fab.) 
were the two additional species captured by pitfall traps during this study. 
Eleven Paria fragariae Wilcox were collected in raspberry rows, and 11 Phra
tora purpurea purpurea W.J. Brown at the boundary. According to Campbell 
et aL (1989), P. fragariae may cause considerable damage to raspberry 
leaves. 

Wing Polymorphism. We observed apterous adults in the pans of flight 
intercept traps. Apterous adults were represented in six Alticinae taxa: 
Glyptina prob. atriventris Horn (3/5 examined adults), L. luridus complex 
(4341507), L. prob. testaceus (Melsh.) (217), L. rubiginosus (57/59), L. sp. 2 
(212) and L. sp. 3 (5/8) (Table 1). Alticinae are known for their ability to jump. 
Although we did not investigate the flight muscle condition of macropterous 
chrysomelids from Johnville, most dispersal movements seemed particularly 
associated with jumping in L. luridus complex (86% of wingless individuals 
in catch) and L. rubiginosus (97% apterous). 

The phenomenon of intraspecific wing polymorphism is unusually preva
lent in Longitarsus (the largest genus of Alticinae) (Furth 1979). In Israel, 
48% of the 42 species are known to have wing polymorphism (Furth 1979). 
The incidence of wing polymorphism was also investigated in 37 of the 41 
species of Longitarsus currently on the British list and 25 species are shown 
to exhibit variation in wing development (Shute 1980). The most common sit
uation observed in the United Kingdom is vestigial wings for L. luridus, re
duced wings for L. pratensis and vestigial wings for L. rubiginosus (Shute 
1980). According to Krause (1981), adults of L. luridus are mainly apterous, 
and those of L. pratensis are chiefly macropterous. 

Studies on the habits and biology of various Longitarsus species in the 
field showed little tendency for the beetles to disperse by flight even when 
the food plant was heavily infested (Shute 1980). The Coleoptera also took 
flight when disturbed, whereas Longitarsus observed by Shute (1980) fell to 
the ground or escaped by jumping when disturbed. 

Seasonal Activity OfAbundant Chrysomelids. We collected adults of 
Capraita subvittata during two activity periods, the first in June, probablY 
associated with overwintered adults, and the second in September-October 
with the emergence of new generation adults (Fig. 1). In central New York, 
adults of this species were active at least from early May to mid-August; 
Aster divaricatus is the main host plant for adults, but C. subvittata feeds on 
other asters, on Scrophulariaceae and perhaps on Rosaceae (Amelanchier 
flowers) (Sholes 1987). In this study, the boundary vegetation was character
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Figure 1. Seasonal abundance of Capraita subvittata, Chaetocnema minuta, 
Epitrix cucumeris, Longitarsus rubiginosus, Phyllotreta striolata and Tri
cholochmaea alni in flight traps at Johnville, Quebec (1987-1989). 

ized by numerous Rosaceae such as Rubus idaeus, Fragaria virginiana, 
Prunus virginiana and Spiraea latifolia. 

Adults of Chaetocnema minuta from Johnville were active from May to 
August (Fig. 1). We suggest that this species overwinters as adults. Other 
species ofthe genus (C. concinna and C. pulicaria Melsh.) overwinter also in 
the adult stage (Campbell et aL 1989, Roth 1985). Chaetocnema minuta has 
already been collected on corn, Dirca palustris, Solidago spp., Aesculus oc
tandra, also at base of clipped golf green bent grass, and by sweeping 
Bermuda grass pastures (White 1996). At Johnville, Gramineae and Solidago 
were abundant in and around the raspberry plantation (Levesque and 
Levesque 1992). 

The potato flea beetle, Epitrix cucumeris, was active from May to August 
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Figure 2. Seasonal abundance of Longitarsus luridus complex in flight traps 
at Johnville, Quebec (1987-1989). 

at Johnville (Fig. 1). Only one generation a year is produced in Canada; 
adults overwinter in the soil or under plant debris along fence rows or mar
gins of fields and woods, and oviposition occurs in early summer (Campbell 
et al. 1989). Our data are consistent with published accounts ofthe life cycle. 
This species feeds sometimes on raspberry and plantain (Plantago) (Camp
bell et al. 1989). 

We collected adults of Longitarsus luridus complex from May through 
October during the three-year study (1987-1989) (Fig. 2). Only a few over
wintered adults were captured from May until July. Thereafter, the activity 
of the new generation adults began in August and peaked in September-Oc
tober. We observed the activity of a few tenerals in August. The sex ratio of 
adults was generally close to one; the activity offemales and males was simi
lar (Fig. 2). The total number of catches from Johnville was increased by a 
factor of 6.5 between 1987 and 1989; this difference, mainly associated with 
the new generation adult activity, may not be explained with the available 
data. We suggest that overwintered adults were principally found on host 
plants in spring and early summer, whereas the colonization chiefly by jump" 
ing in new breeding sites seems dependent on the new generation adult ac
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tivity. Oviposition probably began in autumn. According to Krause (1981), L. 
luridus in Switzerland is univoltine with hibernating adults. L. luridus may 
feed on many host plants in Europe, but particularly on Ranunculus and 
Plantago (Biondi 1996, Furth 1979, Krause 1981, LeSage 1988). In addition, 
many adults of L. luridus have been found on Fragaria vesca in Canada 
(LeSage 1988). During this study, Ranunculus acris and Plantago spp. were 
among the most abundant plants in uncultivated areas (Levesque and 
Levesque 1992); we believe that these plants were the main hosts for L. 
luridus complex at Johnville. 

We observed the August-October Longitarsus rubiginosus activity only in 
1988 and 1989 (Fig. 1). The sex ratio of captured adults was of l.0':j2:2.4o". 
We believe that L. rubiginosus overwintered as eggs andlor larvae and was 
collected particularly during its breeding period. According to LeSage (1988), 
L. rubiginosus adults feed on Convolvulus spp., but these plants were not ob
served on the study area at Johnville. 

Adults ofPhyllotreta striolata were active from May until September, but 
mainly in May (Fig. 1). One teneral adult was captured in July 1987. The sex 
ratio was generally close to one at Johnville, whereas it was of 1.6':j2:1.0o". 
when adults were trapped in yellow water traps in southern Quebec (Vincent 
and Stewart 1981). Phyllotreta striolata is univoltine in Canada, and oviposi
tion occurs in spring (Campbell et aL 1989). This flea beetle showed a peak of 
flight activity at the time of spring emergence from overwintering sites, but 
no late summer peak in flight activity corresponding to a migration to over
wintering sites, probably because most dispersal movements of new genera
tion adults would be associated with jumping (Lamb 1983, Vincent and Stew
art 1983). Our data agreed generally with previous reports. However, P. 
striolata feeds mainly on cruciferous plants (Campbell et aL 1989), but these 
plants were scarce on the study area at Johnville. In Saskatchewan, the pop
ulation of P. striolata in the boreal forest is substantial, although cruciferous 
plants growing in the forest do not appear abundant enough to constitute an 
adequate food supply (Burgess 1982). The identity of the major host plants of 
this species at Johnville is unknown. 

We observed two activity periods in Tricholochmaea alni, the first in 
May--June (mainly in 1988) and the second one in August-October (Fig. 1). 
We suggest that this species, like T. decora (Say) in the Canadian prairie 
provinces (Ives and Wong 1988), overwinters as a sexually immature adult 
and has one generation per year. 

In conclusion, the seven most abundant chrysomelid species captured in 
flight intercept traps at Johnville were probably all univoltine, and they were 
apparently not serious raspberry pests. Three life cycle types may be distin
guishable: L. luridus complex oviposit in autumn and overwinter as adults. 
Capraita subvittata, Chaetocnema minuta, Epitrix cucumeris, Phyllotreta 
striolata and Tricholochmaea alni overwinter also as adults but oviposition 
begins in spring. Longitarsus rubiginosus oviposits in autumn, overwintering 
in the egg andlor larval stage. These three life cycle types have already been 
observed by Perner (1996) in selected Alticinae from Central European xe
rothermic grasslands. 
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PHYLLOPLANE STERILIZATION WITH BLEACH DOES NOT REDUCE 

BTK TOXICITY FOR PAPILIO GLAUCUS LARVAE 


(LEPIDOPTERA: PAPIUONIDAEj 


Laura Haas and 1. Mark Scriber1 

ABSTRACT 

Neonate tiger swallowtail larvae (Papilio glaucus) were used to bioassay 
the effects of Btk (Bacillus thurin'liensis var. kurstaki) at 4 doses (0.268, 
0.034, 0.008, and 0.004 BIU per cm leaf surface) with an untreated control. 
Larvae, obtained from females captured in Geogria and North Carolina, were 
fed leaves of either tulip tree (Liriodendron tulipfera) or black cherry 
(Prunus serotina) in experiments that either included a pre-treatment dip 
and rinse in 5% chlorox bleach or not, before the application of Btk (dipping 
leaves in serially diluted solutions of Foray 48B). 

The results show no difference between North Carolina and Georgia P. 
glaucus larval dosage sensitivities, but do illustrate a clear dosage effect for 
all 4 treatments (cherry with and without bleach pre-treatment; tulip tree 
with and without bleach pre-treatment). The larvae on the bleached leaves 
do not do better (for cherry or tulip tree host plant) as would be expected if 
microbial symbionts on the phylloplane synergize the Btk toxicity. These re
sults show that Btk (at doses several thousand-fold less than aerial sprays 
across forests for gypsy moth control) will kill P. glaucus, with or without mi
crobial synergism on leafphylloplanes. 

The microbial mediation of plant-herbivore interactions has recently 
been recognized as a major and pervasive influence on community dynamics 
(Martin 1979, Jones 1984, Barbosa et aL 1991). The ecological and evolution
ary effects of microorganisms on modifying plant resource suitability for in
sect herbivores are both direct and indirect (Jones 1991, Martin et aL 1993, 
Bauer 1995). These may involve plant pathogens, nitrogen-fixers, endo
phytes, ectophytes and phylloplane microflora (Andrews and Hirano 1991, 
Benedict et al. 1991). The interaction of Bacillus thuringiensis var. kurstaki 
(Btk) with leaf chemistry can be enhanced or inhibited depending on pH, nu
trient levels, condensed tannins and phenolic glycosides (Reichelderfer 1991, 
Meade and Hare 1993, 1994; Moldenke et al. 1994, Hwang et al. 1995, Far
rar et al. 1996). For example, simple phenolics can increase Bt toxicity to 
Lepidoptera (Brewer and Anderson 1990, Sivamani et al. 1992) whereas tan
nins can reduce the toxicity to Lepidoptera (Krischik et al. 1988). 

Extensive areas of North America have recently received sprays of Bt 
which has a major impact on pests such as gypsy moth, but also non-target 
species. It is surprising that the ecology of Btk on leaf surfaces is basically 

lDepartment of Entomology, Michigan State University, East Lansing, MI 48824
1115. 
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unknown (Smith and Couche 1991, Lambert and Perferoen 1992) and essen
tially no information is presented in a treatise on the microbial ecology of 
plant phylloplanes (Andrews and Hirano 1991). 

Earlier research with several species of "non-target" Lepidoptera has 
shown that Btk sprays remain toxic for 30--40 days post-spray under field 
conditions (Johnson et aL 1995). It has also been noted that naturally occur
ring B. thuringiensis populations on the leaf surface of temperate deciduous 
trees could serve as an insect feeding deterrent as well as a toxin (Smith and 
Couche 1991). 

We also have noted differential disease in our laboratory mass-rearing 
operations with these Lepidoptera. In order to evaluate the role of leaf sur
face microbes which could directly cause insect disease, or synergize Btk toxi
city, we conducted a series of experiments in which leaves to be fed to larvae 
in controlled environmental studies were sterilized by immersion in chlorine 
bleach solutions. 

METHODS 

A 10 minute chlorine bleach (5% concentration) dipping and 10 minute 
leaf rinsing with subsequent application of Bacillus thuringiensis var. 
kurstaki (Btk) in serial dilutions was used to examine the potential synergis
tic interactions of the microbial community for Papilio larvae. The original 
full strength formulation (Foray 48B) has 1.27 x 10-2 BID/ml, which gives 
billion international unit equivalents per cm2 leaf surface of 0.268, 0.034, 
0.008,0.004, for doses #1-#4 (Tables 1 and 2). 

The tulip tree, Liriodendron tulipifera and black cherry, Prunus serotina 
leaves were collected from 2--4 trees near the MSD campus in OkemoslEast 
Lansing. These experiments were conducted in a controlled environment 
chamber maintained at 20°C (with a 16:8 photo:scotophase). Larvae were 
maintained in groups of 3-5 per petri dish with 42 and 43 per treatment dose 
on cherry and tulip tree, respectively. A total of 660 larvae from Georgia from 
46 different females and 200 larvae from 12 different North Carolina females 
were used in these experiments with different concentration of Btk on the 
leaves. 

Source of Larvae. Larvae were obtained from eggs laid by field cap
tured female P. glaucus using an oviposition arena (Scriber 1993) from Clark 
County, Georgia and Raleigh, North Carolina. They were, by location, sepa
rately mixed and randomly selected from both the Georgia and North Car
olina populations to be distributed across the various treatments: sterilized 
and unsterilized leaf surfaces of black cherry and tulip tree leaves with dif
fering Btk dosages.

Dosage Studies (Bacillus thuringiensis). We used a commercial for
mulation of Btk which is used across all of Michigan's gypsy moth suppres
sion program, Foray 48B (Novo Nordisk, Danbury, CT). A serial dilution se
quence of the original stock was made and leaves of black cherry and tulip 
tree were dipped in these solutions and allowed to dry in the lab before place
ment into the feeding dishes for bioassay. The laboratory doses were at solu
tion concentrations of 0.002, 0.00025, 0.00006, 0.00003 ml Foray per mL of 
solution, and a control. These correspond to a leaf surface (cm2) concentra
tion of 0.268, 0.034, 0.008, and 0.004 BID's (doses of 1--4, respectively). We 
mixed 4 ml in 1996 ml of distilled water, concentration of 0.002 ml of Foray 
per 1 ml solution. The recommended application rate for GM in the field for 
Foray 48B is at least several orders of magnitude greater (Reardon et al 
1994). Half of the leaves for each tree species were immersed in 5% chlorine 
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Table 1. 6-day survival of neonate P. glaucus larvae fed black cherry (Prunus seratina) 
leaves with different doses* ofBtk. Leaves were either treated with bleach (top) or not 
(bottom). 

Initial % Survival (leaves bleached) 

Replicate Source (n) Dose 1 Dose 2 Dose 3 Dose 4 Control 

1 GA (5) 0 0 0 60 20 
2 GA (5) 0 0 40 20 60 
3 GA (5) 0 0 60 20 40 
4 GA (5) 0 0 60 40 20 
5 GA (5) 0 0 20 0 60 
6 GA (5) 0 0 0 0 80 
7 GA (3) 0 0 33 33 0 

(GAmean) (0.0) (0.0) (30.3) (24.7) (40.0) 
1 NC (4) 0 0 25 25 25 
2 NC (5) 0 0 20 50 80 

(NC mean) (0.0) (0.0) (22.5) (37.5) (52.5) 

Survival (leaves normal) 

1 GA (5) 0 0 20 40 60 
2 GA (5) 0 0 40 60 20 
3 GA (5) 0 0 20 0 40 
4 GA (5) 0 0 20 40 40 
5 GA (5) 0 0 0 60 60 
6 GA (5) 0 0 20 60 60 
7 GA (3) 0 0 0 33 33 

(GAmean) (0.0) (0.0) (17.1) (41.7) (44.7) 
1 NC (4) 0 0 50 50 75 
2 NC (5) 0 0 40 20 100 

(NC mean) (0.0) (0.0) (45.0) (35.0) (87.5) 

*Doses of Foray 48B presented as BIU (billion international units; see Reardon et al. 
1994) per cm2 ofleaf surface (dose 1 '" .268, dose 2 = .034, dose 3 = 0.008, dose 4 '" .004 
IU/cm2• control = 0). No significant differences (t-test p 0.05) between NC and GA 

bleach solution for 10 minutes and throughly rinsed under running water for 
10 minutes and allowed to dry before receiving their Btk dip treatment. The 
other half of the leaves were not dipped in chorine bleach nor rinsed before 
dipping in Bt. These leaves simulated the normal field condition for August 
of 1995. 

RESULTS 

A dose response to Btk dipping was observed in all treatments for P 
glaucus fed black cherry and tulip tree both with and without phylloplane 
sterilization by chlorine bleach. Studies in the last 20 years show 20-30% 
mortality of neonates reared on field collected cherry leaves to be normal. Six 
days after the larvae were allocated to their treatments, there were no sur
vivors on the two highest Btk doses for black cherry in either treatment 
(chlorine bleach pretreatment, no chlorine bleach; Table 1, Figure 1, 2). 
While no survivors were observed on the tulip tree treatments for the highest 
Btk dose, there were some survivors in the next highest dose. Twenty percent 
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Table 2. 6-day survival of neonate P. glaucus larvae fed tulip tree (Lirodendron 
tulipfera) leaves with different doses of Btk. Leaves were either treated with bleach 
(top) or not (bottom). 

Initial % Survival (leaves cloroxed) 

Replicate Source (n) Dose 1 Dose 2 Dose 3 Dose 4 Control 

1 GA (5) 0 0 60 20 0 
2 GA (5) 0 60 40 40 60 
3 GA (5) 0 0 0 40 80 
4 GA (5) 0 40 0 40 0 
5 GA (5) 0 40 20 20 60 
6 GA (5) 0 0 40 40 60 
7 GA (3) 0 0 33 33 33 

(GAmean) (0.0) (20.4) (27.6) (33.3) (33.3) 
1 NC (5) 0 0 0 60 60 
2 NC (5) 0 0 60 20 40 

(NCmean) (0.0) (0.0) (30.0) (40.0) (50.5) 

Survival (leaves normal) 

1 GA (5) 0 0 60 60 60 
2 GA (5) 0 0 100 80 60 
3 GA (5) 0 80 100 80 100 
4 GA (5) 0 20 0 60 60 
5 GA (5) 0 80 0 40 40 
6 GA (5) 0 0 20 40 40 
7 GA (3) 0 0 0 67 67 

(GAmean) (0.0) (25.7) (40.0) (61) (61.0) 
1 NC (4) 0 0 40 40 80 
2 NC (5) 0 0 40 20 80 

(NCmean) (0.0) (0.0) (40.0) (30.0) (80.0) 

*Doses of Foray 4SB presented as BIU (billion international units; see Reardon et al. 
1994) per cm2 of leaf surface (dose 1 =.268, dose 2 =.034, dose 3 =0.008, dose 4 =.004 
IUlcm2, control = 0). No significant differences at any dose between GA and NC larvae. 
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Figure 1. Differential 6-day larval survival on black cherry leaves with phyl
loplane sterilization (chlorine bleach dip) and subsequent Btk applications at 
different doses. 
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Figure 2. Differential 6-day larval survival of P. glaucus on black cherry 
leaves without phylloplane sterlization (Btk doses as in Fig. 1). 

Figure 3. Differential 6-day larval survival of P. glaucus on tulip tree leaves 
with phylloplane sterilization (chlorine bleach dip) and subsequent Btk ap
plications at different doses. 

of the larvae survived the chlorine bleach treatment and twenty-five percent 
without chlorine bleach pretreatment in dose 2 on tulip trees (Table 2, Figure 
3, 4). Progressively higher survival was observed for both host plants in all 4 
treatments with lowest 3 doses. Of the survivors, the larvae on the lowest 
dose and controls were larger than the higher doses, implying that a chronic 
suppression oflarval growth could be mediated by the Btk. This could be due 
to suppressed consumption rates, reduced conversion efficiencies, or both. 

In the control (no Btk) treatments for both tulip tree and black cherry, we 
observed significantly smaller 7-day larvae sizes (Fig. 5) on the chlorine 
bleach dipped leaves compared to the control (non-dipped leaves). This sug
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Figure 4. Differential 6-day larval survival of P. glaucus on tulip tree leaves 
without chlorine bleach treatment. (Btk doses as in Fig. 3. 
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Figure 5. Larval live weights at 7 -days fed black cherry and tulip tree leaves 
with and without phylloplane sterilization. Significant differences exist be
tween the chlorine treated and untreated for both host plants (t-test, p=O.Ol). 

gests that the chlorine bleach treatment (phylloplane sterilization process) it
self had some deleterious effect on P. glaucus larvae, independent of the in
teraction with Btk. Variable results were observed for the next two lowest 
Btk doses with regard to chlorine-treatment and none. 
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DISCUSSION 

The main focus of this research was to compare larval survival and 
growth under different Btk dosages on black cherry and tulip tree leaves 
with and without phylloplane sterilization. Dose dependent responses were 
observed over all of the 4 treatments. Even at very low doses used in our 
studies, the Papilio were found to be be very sensitive. The non-target impli
cations of this Btk dose-toxicity (Scriber and Haas 1996) and the long term 
30-day persistence ofBtk under field conditions (Johnson et a11995) are very 
significant in gypsy moth management programs (Reardon et al 1994). Our 
study shows that in the susceptible forests of North Carolina and Georgia 
(Liebhold et al. 1997), Papilio are of proven vulnerability to Btk sprays at 
several thousand-fold lower concentrations than aerial application. 

Removing the microbial community from the leaf surface did not de
crease the toxicity of Btk to Papilio in our studies, as would have been pre
dicted if microbes synergize the toxicity of Btk (Dubois and Dean 1995). In 
fact, the bleaching procedure used to remove the microbes appears to actu
ally increase mortality and reduced growth rates compared to untreated 
leaves. These findings could result from the leaf surface being altered upon 
application of the chlorine bleach. We speculate that: 1) Removal of microbial 
flora by chlorine bleach could have lowered the nutritional value of the diet, 
2) Sub-detectable tissue damage on the leaf surface when dipping leaves in 
chlorine bleach (or rinsing) could have caused induction of secondary chemi
cals leading to an increase in mortality rates in larvae treated with chlorine 
bleach, 3) The wax layer could have been partially removed by chlorine 
bleach, perhaps allowing the leaves to desiccate at a higher rate, and some
how causing larvae to lower their leaf intake, or 4) Chlorine bleach residues 
themselves may have persisted on the leaf even after 10 minutes of rinse. 
The causal mechanism of chlorine bleach-treated leaves on larval perfor
mance remains unresolved, however it is clear from our study that very low 
doses of Btk will kill Papilio glaucus larvae, whether or not there are leaf mi
crobes persent in the phylloplane. 
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DENSITY·DEPENDENT AND ·INDEPENDENT BEHAVIORS OF THE ADULT 

KARNER BLUE (LYCAEfDES MELISSA SAMUELfS) 


(LEPIDOPTERA: LYCAENIDAE) 


Ann B. Swengel and Scolt R. SwengeP 

ABSTRACT 

At 146 pine-oak barrens in central and northwestern Wisconsin USA 
during 1988-96, 3973 Karner blues (Lycaeides melissa samuelis Nabokov) 
were found in 95.4 hr of transect surveys during spring and 6896 individuals 
in 134.8 hr during summer. Of these, 9346 (86%) individuals were first ob
served copulating, feeding, flushing, flying, or involved in a non-copulatory 
intraspecific interaction. All these behaviors except copulation showed den
sity-independent influences; all these behaviors also had density-dependent 
influences. The most frequently significant density-independent variables af
fecting occurrence of these behaviors were temperature, brood (spring vs. 
summer), and crepuscularity (time since noon). Male (rather than female or 
overall) Karner blue density more often significantly related to Karner blue 
behavior. Males showed density dependence in feeding (positive), flushing 
(negative), and flying (positive threshold) while females did not. Both sexes 
showed strong positive density dependence in non-copulatory intraspecific in
teractions and copulation. Flying and intraspecific interactions showed simi
lar influences in relation to several variables, while flying and flushing had 
markedly opposite patterns. Males and females were also opposite in their 
relative tendency to be observed flushing or flying, with females more likely 
to be flushing, males flying. Males also showed a greater tendency to engage 
in non-copulatory intraspecific interactions. 

Restricted to eastern North America, the Karner blue (Lycaeides melissa 
samuelis Nabokov) is federally listed as endangered in the USA and consid
ered extirpated in Canada. This butterfly has two complete life cycles per 
year, feeds only on wild lupine (Lupinuslerennis L.) (Fabaceae) as a larva 
rangewide, overwinters as an egg, an has a rather narrow generally 
east-west historical range at the northern end of lupine range, from eastern 
Minnesota through the Great Lakes states and southern Ontario to New 
England (lftner et al. 1992, Bleser 1993, Dirig 1994, Packer 1994, Savignano 
1994). 

In this paper, we present analyses of density-dependent and -indepen
dent factors affecting the frequencies of copulation, feeding, flushing, flying, 
and non-copUlatory intraspecific interactions by Karner blues observed on 
transect surveys. The density-independent factors included survey timing 
(both daily and seasonal) and weather variables. Such factors have already 

1909 Birch Street, Baraboo, WI 53913. 
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been significantly related to Karner blue numbers observed on surveys 
(Swengel and Swengel 1996) and are well known to affect both detectability 
and behavior of butterflies generally (Shreeve 1992, Pollard and Yates 1993: 
26-32). We tested for density-dependent influences on Karner blue behaviors 
by relating them to relative Karner blue density, calculated both by sex and 
for all individuals (whether sexed or not), on the surveys. Likewise, the be
haviors were analyzed both by sex and for all individuals to test for gender 
differences in behavior patterns. These results are useful for understanding 
this butterfly's behavior, as well as for designing survey protocols and inter
preting results for monitoring this species. 

METHODS 

Surveys occurred at 146 pine-oak barrens in central and northwestern 
Wisconsin (43.7°-45.9° N, 89.9°-92.7° W) during 1988-1996. It was not pos
sible to visit each site each year, but most sites were surveyed multiple times 
both within a year and among years. We conducted transect butterfly sur
veys along like routes within each site each visit (Pollard 1977, Swengel and 
Swengel 1996). Karner blue individuals were sexed, if possible, and their be
havior when first seen was recorded, as well as any additional notable behav
iors after the first (primarily feeding and social interactions). A new survey 
unit was designated whenever the habitat along the route varied by manage
ment and/or vegetation type. For each unit, we recorded temperature, wind 
speed, percent cloud cover, percent time sun was shining, route distance, and 
time spent surveying. Data from each unit were kept separate. 

Behaviors were studied as rates (percents) of occurrence within each sur
vey unit: the percent of all (whether sexed or not), female, and male individu
als doing the behavior out of the total number of all, female, and male indi
viduals, respectively, observed in the unit survey. These percentages, 
expressed as decimals, were directly analyzed with nonparametric statistics 
(Mann-Whitney U test, Spearman rank correlation) but were natural 
log-transformed for parametric testing by analysis of variance (ANOVA). Be
haviors analyzed here were copulation, feeding, flushing, flying, and non-cop
ulatory intraspecific interactions. Since the numbers of individuals feeding 
and interacting were recorded both as first behavior and all observed in
stances, the rates of individuals observed in all feeding and interacting be
haviors were analyzed as a comparison to the results for rates of feeding and 
interacting upon first detection. All copulations were included, whether the 
pair was first observed in copula or in precopulatory courtship. Observed sex 
ratio was also analyzed as percent males observed out of all sexed individu
als. 

The Mann-Whitney U test was used to analyze for differences in fre
quency of a behavior by brood (spring vs. summer), a density-independent 
timing variable. The Spearman rank correlation was used to test for correla
tion of the frequency of a behavior with density-independent (timing, 
weather) and -dependent variables. The timing variables were crepuscularity 
(the difference between 12:00 CST and the time when the survey started), 
time of day (when the survey started), and date within brood (spring or sum
mer). The weather variables were sunshine (percent time the sun was shin
ing during the survey), temperature (average of the lowest and highest tem
perature on the survey), and wind (average of the lowest and highest wind 
speed on the survey). The three density variables were calculated as all (in
cluding unsexed), female, and male Karner blue individuals observed per 
hour in each unit survey. Unit surveys were included for analysis if >2 indi
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viduals of the sample analyzed (all individuals, females, males; all sexed in
dividuals for sex ratio) were observed on the survey. 

Univariate ANOVA was used to test for nonlinear patterns of effect for 
two variables: year and density. Unit surveys were categorized by density 
into these four groups (regardless of whether the individuals were sexed or 
not): >0 and <15 observed per hour, ;:::15 and <35, ;:::35 and <65, and ;:::65. Unit 
surveys were included for analysis if >1 individual of the sample analyzed 
was observed on the survey. 

Analysis was done with ABstat 7.20 software (1994, Anderson-Bell Corp., 
Parker, Colorado), with statistical significance set at p<0.05. Since signifi
cant results occurred overall much more frequently than would be expected 
due to Type I statistical error, we did not lower the p value further, as many 
more Type II errors would then be created than Type I errors eliminated. 

RESULTS 

During the spring brood, we counted 3973 Karner blue individuals in 
107.0 hr and 173.2 km of transect surveys in 351 units from 22 May to 26 
June, and 6896 individuals in 134.8 hr and 259.9 km in 465 units during 
summer from 5 July to 6 September (Table 1). We recorded 9346 individuals 
(86.0% of all observed) first behaving in one of the categories analyzed in this 
study, with an additional 272 individuals recorded as feeding or in non-copu
latory intraspecific interactions after their first observed behavior (Table 1). 
The remaining 14.0% of behaviors, such as basking, roosting, perching, 
oviposition, and interspecific interactions, were not analyzed in this study. 
All analyzed behaviors except copulation related significantly to density-in
dependent factors (Tables 2~), while all these behaviors were also signifi
cantly influenced by density dependence (Tables 5-7). Males dominated the 
census results (69.6% of sexed individuals), and results for males and all in
dividuals were similar. However, males and females differed markedly in fre
quency of some behaviors and in factors affecting the oCCurrence of these be
haviors. 

In the Mann-Whitney U tests and Spearman rank correlations, all vari-

Table 1. Number of Karner blue individuals recorded in each behavior category, by sex 
and brood. 

Spring Brood Summer Brood Both 

female male unsex. all female male unsex. all all 

First seen copulating 9 9 0 18 37 37 0 74 92 
First seen feeding 67 243 9 319 502 797 177 1476 1795 
First seen flushing 358 475 34 867 502 830 66 1398 2265 
First seen flying 462 1484 103 2049 605 1723 115 2443 4492 
First seen interacting 52 275 10 337 87 273 5 365 702 

Subtotal 948 2486 156 3590 1733 3660 363 5756 9346 
First seen in other 

behaviors 95 256 32 383 315 666 159 1140 1523 
All individuals seen 1043 2742 188 3973 2048 4326 522 6896 10869 

All feeding seen 79 296 9 384 548 868 177 1593 1977 
All interacting seen 56 306 10 372 96 318 6 420 792 
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Table 2. Mean ± SD of the percent Karner blue individuals observed in each behavior, 
by brood (spring or summer). The two-tailed p value from the Mann-Whitney U test is 
rounded to three decimal places, with significant values (p<0.05) boldfaced. Minimum 
sample of unit surveys for analyses of spring data; 178 (all), 157 (males), 98 (females); 
for summer: 244 (all), 143 (females), 199 (males). Sample sizes varied slightly due to a 
few missing values. 

Spring Summer Pvalue 

% copulating 0.3 ± 2.4 0.6 ± 2.3 0.268 
% males 71.1 ± 22.1 65.7 ± 21.6 0.004 
First flushing 

% all individuals 27.2 ± 22.3 25.9 ± 24.1 0.234 
% females 34.7 ± 26.4 26.3 ± 22.5 0.015 
% males 22.6 ± 24.0 23.1± 23.0 0.650 

First flying 
% all individuals 50.9 ± 23.5 38.0 ± 25.3 0.000 
% females 45.5 ± 25.9 34.7 ± 24.3 0.000 
% males 53.5 ± 25.7 43.1 ± 26.1 0.000 

First feeding 
% all individuals 8.6 ± 15.3 20.2 ± 23.6 0.000 
% females 7.3 ± 13.7 23.7 ± 24.4 0.000 
% males 9.8 ± 17.1 18.6 ± 22.0 0.000 

All feeding 
% all individuals 11.1 ± 17.0 22.8 ± 25.6 0.000 
% females 8.4 ± 15.4 26.7 ± 26.3 0.000 
% males 13.0 ± 19.0 21.1 ± 23.2 0.001 

First interacting 
% all individuals 6.5 ± 10.5 4.1 ± 8.7 0.061 
% females 4.9 ± 9.9 3.8 ± 8.6 0.927 
% males 7.9 ± 12.5 5.1 ± 9.8 0.150 

All interacting 
% all individuals 7.4 ± 12.0 5.3 ± 10.4 0.160 
% females 5.6 ± 10.4 4.3 ± 9.1 0.734 
% males 9.3 ± 14.5 6.8 ± 12.2 0.396 

abIes produced at least one significant result (Tables 2-5). In these analyses, 
excluding those for sex ratio and all observed feedings and interactions, the 
most frequently significant timing variables were brood and crepuscularity 
(7/13 for both), followed by time of day (6/13), with date within brood rarely 
significant (Tables 2-3). The most frequently significant weather variable 
was temperature (8/13), followed by sunshine and wind (5/13 for both) (Table 
4). Of the density-dependent variables, observation rate of male Karner blues 
per hour was significant most often (8113), followed by rate of all individuals 
and females (6113 for both) (Table 5). 

In ANOVA, density had more significant results (9/20 tests) than year 
(Table 6). Except for flushing, year was rarely significant; it showed no rela
tionship to feeding at all, despite the plausibility of annual variability in 
availability and quality of particular food resources. 

Copulation. We observed 46 mating pairs (Table 1), between 0937 and 
1814 hr CST, 18-33°C, 31 May (1994) to 25 June (1996) in the spring brood 
and 12 July (1991) to 12 August (1996) in the summer brood. This suggests 
that successful courtship occurs throughout much of the day and flight pe
riod. No density-independent factors related significantly to rate of copula
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Table 3. Spearman rank correlations of percent Karner blue individuals observed in 
each behavior with timing variables: crepuscularity (see Methods), time of day, and 
date within brood (spring or summer). Significant coefficients are followed by 
* (p<0.05) or ** (p<0.0l). Minimum sample of unit surveys for correlations: 422 (179 in 
spring, 244 in summer) for all, 243 (100, 143) for females, 357 (159, 198) for males. 
Sample sizes varied slightly due to a few missing values. 

Crepuscularity Time ofday Spring date Summer date 

% copulating -0.007 +0.081 +0.034 -0.078 
% males -0.118* -0.050 -0.339** -0.351** 
First flushing 

% all individuals +0.175** -0.134** +0.011 +0.038 
% females +0.090 -0.097 +0.069 +0.058 
% males +0.194** -0.152** +0.051 +0.022 

First flying 
% all individuals -0.110* +0.084 +0.051 +0.017 
% females +0.007 +0.075 -0.033 +0.267** 
% males -0.118* +0.015 -0.065 +0.020 

First feeding 
% all individuals -0.249** +0.105* -0.118 +0.074 
% females -0.148* +0.045 -0.124 -0.130 
% males -0.201** +0.080 -0.133 +0.006 

All feeding 
% all individuals -0.247** +0.080 -0.145* +0.075 
% females -0.158* +0.037 -0.138 -0.123 
% males -0.173** +0.049 -0.135 -0.005 

First interacting 
% all individuals +0.026 +0.250** +0.251** +0.018 
% females +0.094 +0.233** +0.162 -0.058 
% males +0.024 +0.296** +0.295** +0.081 

All interacting 
% all individ uals -0.008 +0.237** +0.252** +0.032 
% females -0.080 +0.201** +0.151 -0.056 
% males -0.018 0.278** +0.310** +0.111 

tion (Tables 2-4), but all density-dependent factors did so positively (Table 
5). ANOVA indicated no year effect, but strong density dependence (Table 6), 
with copulation increasing steadily in the first three density categories, then 
dropping somewhat again in the highest-density category (Table 7). 

Sex ratio. The percentage of males (out of sexed individuals) correlated 
negatively with date within brood (Table 3), as found previously for this but
terfly (Leach 1993; Swengel and Swengel 1996) and as is typical for adult 
butterfly observation generally (Rutowski 1984, Scott 1986:26, Shreeve 
1992). Percentage of males also differed by brood, with higher male ratios in 
spring (Table 2). Of the other significant density-independent patterns, sun
shine and wind related positively and crepuscularity negatively to the pro
portion of males vs. females (Table 4). The two density-dependent patterns 
were logical (Table 5). The stronger was a negative relationship of percent 
males to female density. The observation rate of female Karner blues tends to 
increase as the brood progresses, as more adult females ecIose. Thus the rela
tive proportion of observed females increases. The second was a positive cor
relation of percent males with male density. This contrasts somewhat with 
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Table 4. Spearman rank correlations of percent Karner blue individuals observed in 
each behavior with weather variables: % sunshine, temperature, and wind speed. Sig
nificant coefficients are followed by * W<0.05) or ** W<O.Ol). Sample sizes are as in 
Table 3. 

Sunshine Thmperature Wind 

% copulating -0.037 +0.081 +0.043 
% males +0.134** +0.010 +0.192** 
First flushing 

% all individ uals -0.053 -0.189** -0.108* 
% females -0.037 -0.073 -0.118* 
% males -0.069 -0.222** -0.103 

First flying 
% all individuals +0.217** +0.205** +0.113* 
% females +0.079 -0.019 +0.118* 
% males +0.204** +0.188** +0.110* 

First feeding 
% all individuals -0.165** +0.116* +0.064 
% females -0.149** +0.042 +0.061 
% males -0.159** +0.066 +0.040 

All feeding 
% all individuals -0.148** +0.083 +0.067 
% females -0.185** +0.015 +0.053 
% males -0.132* +0.046 +0.037 

First interacting 
% all individuals +0.042 +0.202** +0.007 
%fernales +0.038 +0.208** -0.007 
%rnales +0.031 +0.215** -0.120 

All interacting 
% all individuals +0.056 +0.228** 0.000 
%fernales +0.071 +0.190** -0.054 

% males +0.040 +0.243** -0.031 

the linear decline in percent males with increasing date in a brood since 
highest male densities do not occur at the beginning of the flight period, but 
rather somewhere in the middle. Thus, highest male sex ratios tended to 
occur both at the beginning of the brood (before peak numbers) and at high 
male relative densities (which occurs sometime in the middle of the brood, 
but not all sites and years produce such densities). ANOVA detected no den
sity-dependent patterns (Table 6), although only density of all individuals 
was tested. 

Feeding. Brood, crepuscularity, and sunshine related significantly to all 
measures of feeding frequency (by sex and for all individuals; as first and as 
any observed behavior), with relatively more feeding in the summer brood, 
nearer noontime, and with less sunshine (Tables 2-4). First observed feeding 
by all individuals also covaried with increasing time of day and temperature 
(Tables 3-4). Rate of feeding by all and male individuals showed many posi
tive density-dependent patterns, especially as the first observed behavior, 
while female feeding never showed density dependence (Table 5). In ANOVA, 
only the rate of males first seen feeding showed significant density depen
dence (Table 6), which was positively progressive (Table 7). No feeding mea
sures showed a year effect (Table 6). Rates of feeding at first observation 
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Table 5. Spearman rank. correlations of percent Kamer blue individuals observed in 
each behavior with density variables: all, female, and male Karner blue individuals ob
served per hour per unit survey. Significant coefficients are followed by * (p<0.05) or 
** (p<0.0l). Sample sizes are as in Table 3. 

All Female Male 

% copulating +0.184** +0.125** +0.211** 
% males -0.045 -0.651** +0.332** 
First flushing 

% all individ uals -0.172** -0.042 -0.184** 
% females -0.118 -0.121 -0.115 
% males -0.127* -0.078 -0.108 

First flying 
% all individuals +0.090 -0.035 +0.139** 
% females -0.047 -0.013 -0.028 
% males +0.013 -0.048 +0.037 

First feeding 
% all individuals +0.198** +0.211** +0.156** 
% females +0.119 +0.094 +0.106 
% males +0.206** +0.203** +0.190** 

All feeding 
% all individuals +0.129** +0.161** +0.098 
% females +0.105 +0.075 +0.100 
% males +0.089 +0.143** +0.062 

First interacting 
% all inifuiduals +0.332** +0.241** +0.335** 
%. females +0.239** +0.195* +0.217** 
% males +0.263** +0.229** +0.251** 

All interacting 
% all inifuiduals +0.319** +0.215** +0.329** 
% females +0.240** +0.150* +0.236** 
% males +0.252** +0.214** +0.245** 

were roughly similar between the sexes in each brood (6.4% for females and 
8.9% for males in spring, 24.5% and 18.4% respectively in summer, 16.5% for 
all individuals in both broods, calculated from Table 1), and were much 
higher in summer than spring. The overall rate of feeding when first ob
served (mostly nectaring but also some feeding on moist dirt and feces) of all 
spring individuals was similar between our data (8.0% of all individuals first 
observed feeding) and Leach's (1993) nectaring rate at Fort McCoy (10.6%). 
The summer rate at Fort McCoy (8.6%) was similar to the spring rate there, 
but we found proportionately more feeding in the summer (21.4%). 

Flushing. Brood significantly related only to females, with more flush
ing in spring (Table 2). Negatively significant density-independent factors in
cluded time of day and temperature (flushing by all and male individuals) 
and wind (all and female) (Tables 3-4). The one positive density-independent 
factor was crepuscularity (all and male) (Table 3). Flushing by all and male 
individuals negatively correlated with all and/or male density, while female 
flushing showed no density dependence (Table 5). In ANOVA, rate of flushing 
by all and male individuals showed year and density effects (Table 6), with a 
threshold of significantly more flushing in the lowest-density category com
pared to all other categories (Tables 7). Rate of flushing was higher for fe
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Table 6. Results of ANOVAs analyzing percent Karner blue individuals observed in 
certain behaviors (copulating, feeding, flushing, flying, and non-copulatory intraspe
cific interactions) and percent males of sexed individuals (sex ratio) by year, density 
category (grouped by rates of observations of all Karner blue individualslhr per unit 
survey), or site (16 disjunct units in 15 sites), for females, males, and all individuals 
(whether sexed or not). Significant p values «0.05) are boldfaced. See Tables 7-8 for 
Duncan's post-hoc tests for significant ANOVAs. 

Year Density 

df F P df F P 

% all copulating >0.1 3,493 4.206 0.0059 
% males >0.1 >0.1 
First flushing 

% all individuals 5,483 3.554 0.0036 3,430 13.559 0.0000 
% females >0.1 0.0741 
% males 5,434 3.652 0.0030 3,431 10.783 0.0000 

First flying 
% all individuals 0.0784 3,480 3.309 0.0020 
% females 5,309 2.687 0.0214 >0.1 
% males >0.1 3,431 4.281 0.0054 

First feeding 
% all individuals >0.1 >0.1 
% females >0.1 >0.1 
% males >0.1 3,433 2.716 0.0443 

All feeding 
% all individuals >0.1 >0.1 
% females >0.1 >0.1 
% males >0.1 >0.1 

First interacting 
% all individuals >0.1 3,417 4.634 0.0034 
% females >0.1 >0.1 
% males 0.0991 3,351 2.747 0.0429 

All interacting 
% all individuals >0.1 3,417 2.832 0.0385 
% females >0.1 >0.1 
% males 5,353 2.199 0.0426 >0.1 

males than males (34.3% for females and 17.3% for males in spring, 29.0% 
and 22.7% respectively in summer, 20.8% for all individuals in both broods, 
calculated from Table 1). 

Flying. Brood and wind significantly related to all measures of flying 
frequency (by sex and for all individuals), with relatively more flying in the 
spring brood and in stronger wind (Tables 2,4). Rates of all and male flying 
negatively correlated with crepuscularity and positively with sunshine and 
temperature, while female flying correlated positively with date in summer 
(Tables 3-4). Rate of flying by all individuals showed the only density-depen
dent correlation (positive with male density) (Table 5). In ANOVA, flying by 
all and male individuals showed density dependence (Table 6), with a thresh
old effect of significantly less flying in the lowest-density category (Table 7). 
Females also showed a significant year effect (Tables 6,8). Rates of flying at 
first observation were higher for males than females, and in spring compared 
to summer (44.3% for females and 54.1% for males in spring, 29.5% and 
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Table 7. Results of Duncan's post-hoc test for significant ANOVAs, with density (rate 
of observation of all Karner blue individualslhr per unit survey) as the independent 
variable (Table 6). Within column, mean log-transformed percentages (expressed as 
decimals) lacking similar letter(s) after them are significantly different (p<0.05). 

First feeding First flushing First flying 

Individualslhr % males % all indiv. % males % all indiv. % males 

> 0 < 15 0.071 A 0.334 A 0.329 A 0.284 A 0.279 A 
~ 15 < 35 0.101 AB 0.227 B 0.207 B 0.348 B 0.364 B 
~ 35 < 65 0.122 B 0.209 B 0.184 B 0.342 B 0.380 B 
~ 65 0.135 B 0.189 B 0.167 B 0.368 B 0.384 B 

First interacting All interacting Copulating 
Individualslhr % all indiv. % males % all indiv. % all indiv. 

> 0 < 15 0.009 A 0.005 A 0.019 A 0.000 A 
~ 15 < 35 0.052 B 0.039 B 0.048 AB 0.001 A 
~35<65 0.068 B 0.054 B 0.063 B 0.008 B 
~65 0.059 B 0.055 B 0.064 B 0.005 AB 

Table 8. Results of Duncan's post-hoc test for significant ANOVAs, with year as the in
dependent variable (Table 6). Within column, mean log-transformed percentages (ex
pressed as decimals) lacking similar letter(s) after them are significantly different 
(p<O.05). 

First flushing First flying All interacting 
Year. % all individuals % males % females % males 

1990 0.095 A 
1991 0.172 A 0.132 A 0.246 A 0.053 A 
1992 0.195 AB 0.161 AB 0.330 AB 0.081 A 
1993 0.248 BC 0.227 BC 0.291 AB 0.072 A 
1994 0.224 AB 0.205 ABC 0.320 AB 0.048 A 
1995 0.236 AB 0.219 BC 0.241 A 0.082 A 
1996 0.304 C 0.277 C 0.359 B 0.111 A 

39.9% respectively in summer, 41.3% for all individuals in both broods, calcu
lated from Table 1). 

Intraspecific interactions. Time of day and temperature correlated 
positively with all measures of non-copulatory intraspecific interactions (by 
sex and for all individuals; as first and as any observed behavior); all and 
male interactions also correlated positively with date in spring (Tables 3-4). 
Furthermore, all measures of these interactions correlated positively with all 
density variables (Table 5). In ANOVA, rate of males and all individuals first 
observed in interactions, as well as all observed interactions by all individu
als, showed density dependence (Table 6), as a threshold effect, with signifi
cantly less interaction in the lowest-density category (Table 7). Males in all 
observed interactions also had a year effect (Tables 6,8). As with flying, rates 
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of intraspecific interaction at first observation were higher for males than fe
males (5.4% for females and 10.0% for males in spring, 4.2% and 6.3% re
spectively in summer, 6.5% for all individuals in both broods, calculated from 
Table 1).

Corresponding behaviors. Flushing and flying showed opposite ten
dencies with respect to crepuscularity, temperature, and wind (Tables 3-4 ). 
Likewise, all density-dependent effects were negative for flushing but posi
tive for flying (Tables 5-7). However, these two behaviors were similar rela
tive to brood (i.e. both more flushing and flying in spring than summer) 
(Table 2). Males and females were also opposite in their relative tendency to 
be observed flushing or flying, with females more likely to be flushing, males 
flying (based on rates calculated from Table 1). 

Copulation and non-copulatory intraspecific interaction might be ex
pected to show similar patterns, but copulation had no significant density-in
dependent results, while interaction had many (Tables 3-4). Nonetheless, 
these two behaviors were both strongly and positively density dependent (Ta
bles 5-7). 

Flying and intraspecific interactions showed some similarity as welL 
Both flying and interaction were positively influenced by temperature (Table 
4) and by density dependence (Table 5), although the latter was much more 
frequent and marked for interactions than flying. Otherwise, brood, crepus
cularity, sunshine, and wind were significant for flying but not interaction, 
while time of day had opposite effects on the two behaviors (Tables 2-4). In 
ANOVA, both behaviors showed a threshold effect, with significantly less of 
the behavior in the lowest-density category (Table 7). Males showed a greater 
tendency than females both to fly and to interact intraspecifically (based on 
rates calculated from Table 1). 

DISCUSSION 

Density-independent factors. Karner blue behavior strongly related 
to daily and seasonal timing (Tables 2,3). Symmetrical circadian rhythms in 
flying and feeding were indicated by significant crepuscular effects, while 
significant time-of-day effects revealed differences between morning and af
ternoon in frequency of intraspecific interactions. Flushing showed both ef
fects, with less flushing around midday but also less earlier in the morning 
than later in the evening. Rate of interaction also showed the most effects of 
increasing date within brood, but only in spring. The strongest pattern of 
brood (spring vs. summer) was the significantly greater frequency of flying in 
spring and feeding in summer. Perhaps it is drier in summer, thus necessi
tating more hydration, or perhaps more food (nectar) is available, so that 
more time spent feeding is possible. A few year effects were also apparent for 
flushing and flying (Table 8). 

The effects of weather on Karner Blue behavior were generally unsur
prising (Table 4). With increasing temperature and/or sunshine, the butter
flies became more active (i.e. flying, interacting) and less likely to remain 
perched in the vegetation upon our approach so as to be first observed flush
ing. While rate of feeding increased with increasing temperature, logical in 
that a butterfly must be active to make visits to food sources, rate of feeding 
strongly declined with increasing sunshine. This suggests that the butterflies 
might be more likely to remain perched at a food source upon our approach 
under less sunny conditions. Increasing wind speed had an interesting asso
ciation with reduced flushing and increased flying. This may directly reflect 
behavioral tendencies of the Karner blue or may be a consequence of relative 
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detectability. In calm conditions, the departure of the butterfly from a perch 
in the vegetation may be more apparent, so that the butterfly's first behavior 
would be recorded as flushing, not flying. 

Density-dependent factors. Males had density-dependent effects for 
feeding (positive), flushing (negative), and flying (positive threshold), while 
females did not (Tables 5-7). Both sexes showed strong positive density de
pendence for non-copulatory intraspecific interactions and copulation. The 
greater frequency of density dependence in male than female behaviors sug
gests that males may seek more sociality than females. Male Karner blue so
ciality did not appear to have characteristics of a lek, as found in several 
other butterfly species (Rutowski 1984, Alcock 1987, Cordero and Sober6n 
1990), since nearly all Karner blues were observed in breeding habitat as de
fined by proximity of the larval host plant. According to Rutowski (1991), 
lekking behavior would not be expected in Karner blues because larval re
sources and female adults are not widely and unpredictably distributed in 
sparse densities. 

Shapiro (1970) reported a positive density-dependence in mudpuddling 
by male pierid butterflies. In high-density populations, male pierids unsuc
cessful at courtship earlier in the day aggregated at puddles along the habi
tat periphery, where aggressive intraspecific behavior was suppressed. Con
sistent with this, male Karner blue feeding showed positive density 
dependence (Tables 5-7). However, most Karner blue feeding occurred within 
the breeding habitat (a few instances outside lupine patches are related in 
Swengel and Swengel 1996) and positively related to female as well as male 
and total density (Table 5). The positive density dependence of male feeding 
could be a mate-finding strategy. But females showed no density dependence 
in feeding frequency, so that increased densities of males at food sources 
would not lead to proportionately more encounters with females. It is possi
ble that males feed relatively more at higher densities because they exhibit 
so many density-dependent behaviors, and so may incur greater energy costs 
at higher densities. 

Rutowski (1991) argued that mate-finding by male butterflies should 
focus on adult female food sources only in species in which both (1) female re
matings occur frequently (i.e., the species has a long-lived active adult stage) 
and (2) adult food resources are patchily distributed in a way that concen
trates females. The former condition does not appear to apply to the Karner 
blue. Only the American copper (Lycaena phlaeas, Lycaenidae), of 44 butter
fly and seven lycaenid species reviewed, was documented to use nectar re
sources for mate location (Rutowski 1991). 

Our data do not allow analysis at a fine enough scale to test whether a 
skewed distribution of individuals might be occurring within a unit because 
of congregation at a patchily distributed but preferred food source. Microdis
tribution of butterflies within an area may significantly relate to type and 
amount of available nectar (Wiklund 1977, Wiklund and Ahrberg 1978, Lo
ertscher et al. 1995). Our data do suggest, however, that male feeding is af
fected by female density (and other measures of density), but not vice versa. 
Thus females did not appear to avoid feeding in areas of denser males and 
presumably greater male harassment, as found for swallowtails by Gross
mueller and Lederhouse (1987). Perhaps because of the Karner blue's seem
ingly low vagility, females do not venture far from the natal habitat patch, 
regardless of how densely that patch supports Karner blues. But within a 
given unit, microdistribution and nectar selection of Karner blue individuals 
could still have such effects unapparent at the larger spatial scale studied 
here. 

The various density-dependent effects on flushing (Tables 5--7) indicated 
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reduced rates of flushing in higher Karner blue densities. This might result 
from less inclination to flush at all in higher densities or from an inclination 
to flush sooner, perhaps in response to other individuals already flushed by 
our approach, resulting in their being first observed in some other behavior 
such as flying or interacting. By contrast, the density dependence related to 
flying and interacting was positive (Tahles 5-7). Furthermore, the significant 
positive density dependence of copulation (Tables 5-7) suggests the Allee ef
fect, in which paucity of encounters with suitable mates leads to relatively 
lower frequency of mating in populations oflower density (cf. Smith and Pea
cock 1990). Consistent with this, Shapiro (1970) reported significantly higher 
rates of unmated fresh females in pierid butterflies when in low-density pop
ulations. 

Survey protocols and interpretation. Variation over time in the loca
tion of preferred nectar sources relative to transect route does not appear 
likely to affect transect counts of Karner blues dramatically, since only a mi
nority of individuals were feeding upon first observation. This was especially 
so in spring, when 8.0% of all individuals detected were first seen feeding 
(Table 1). Attention to nectar sources within the transect strip is useful, how
ever, especially in summer, when 21.4% of individuals were first seen feeding 
(Table 1). 

Sex ratio varies within brood over time, being more male skewed earlier 
in the brood (Leach 1993; Swengel and Swengel 1996), as evidenced in this 
study by the negative effect of date (Table 3). But the sex ratio within a but
terfly brood is usually about equal based on total eclosures, as is the case in 
captive rearing of this taxon (Herms et al. 1996). The relatively earlier eclo
sure of males than females (protandry) is theoretically and observationally 
attributed to male competition for virgin (receptive) females (Rutowski 1984, 
Brakefield and Shreeve 1992). 

Observed sex ratios in the field reflect not just the actual proportion of 
the sexes present in the site on that day (a function of timing within brood), 
but also the relative detectability of the sexes (a function of behavior). Theory 
predicts and observation bears out that male butterflies more actively and 
frequently court, while females are typically unreceptive to courtship over
tures except when virgin or depleted in spermatophore resources (Rutowski 
1984, 1991). Females would devote the relatively greater proportion of their 
time not involved in courtship and mating to maintenance activities (such as 
feeding), oviposition, and hiding (to avoid the attention of conspecific males 
as well as predators). Thus, female avoidance of conspecific male attention 
may explain why the sex ratio skews more toward males as male density in
creases (Table 5). Furthermore, consistent with theoretical expectations, 
male Karner blues were more frequently seen upon first observation to be 
engaging in more active and overt behaviors, such as flying and intraspecific 
interactions, while females were more frequently first seen flushing, sympto
matic of more covert behavior. The pattern for feeding was mixed, with males 
feeding slightly more than females in spring but vice versa, with more dis
parity, in summer. But feeding can be either relatively overt or covert. As
sumptions of how many of a gender are actually present, versus the number 
detected on a survey, must take into account how gender-based behavioral 
differences affect the relative detectability of each sex. 

Likewise, assumptions about the mathematical relationship between the 
number of overall butterfly individuals actually present in the site to the 
number detected should also be affected by the tendency of these individuals 
to behave in ways that make them more or less detectable. These behaviors, 
in turn, are influenced to some degree by timing and weather variables, as 
would be expected (Tables 2-4). These variables are relatively amenable to 
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prescription in survey protocols. But these behaviors are also affected by 
density dependence. For example, density-dependent sociality may enhance 
Karner blue detection, for one Karner blue may make another more find able 
by flushing it or engaging it in flight. It is less clear how survey protocols 
could account for such density-dependent influences. Thus, relative indices 
for abundance are often recommended and used for measuring relative popu
lation size and change (Pollard 1977, Thomas 1983, Pollard and Yates 1993), 
rather than extrapolating actual population sizes from observations of adult 
butterflies in the field, which may require many assumptions that may be 
questionable in validity (Gall 1985). 
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OBSERVATIONS OF FIRST OCCURRENCE AND SEVERITY OF 
POTATO lEAFHOPPER, EMPOASCA FABAE [HARRIS}, 

(HOMOPTERA: CICADELLtDAE) IN THE NORTH CENTRAL AND 
EASTERN UNITED STATES. 

K.M. Maredia 1, M. E. Whalon2, S. H. GageS, and M. J. Kaeb2 

ABSTRACT 

This paper presents available data on the first occurrence dates and the 
damage severity of the potato leafhopper in the north central and north east
ern United States collected during the past 47 years (1951-1997). The data 
were collected from a variety of sources including: potato leafhopper litera
ture review; published reports; pest alerts; pest surveys; and delphi surveys. 
First occurrence and severity data show that the arrival time of potato 
leafhopper and subsequent damage severity varies substantially from year to 
year. A correlation analysis between date of first occurrence and severity of 
damage for Michigan, Minnesota, Wisconsin, the north central region and 
the northeastern region indicated no significant relationship between first 
arrival dates and damage severity. The lack of a relationship between the 
time of arrival of the migrant leafhopper and severity indicate that other fac
tors, including frequency and magnitude of arrivals, weather conditions dur
ing the growing season and crop management contribute to the eventual 
severity of damage caused to crops by this migratory pest. The analysis of 
potato leafhopper severity data showed significant differences between years. 
There were no significant differences in severity among states within the 
north central region, indicating that potato leafhopper severity is a regional 
phenomenon. 

The potato leafhopper, Empoasca fabae (Harris), is a serious pest on a 
wide variety of agricultural crops including alfalfa, potato and soybean. 
Potato leafhopper have the potential to cause severe economic loss to crops in 
most mid-western and eastern states of the United States. Poos and Johnson 
(1936) reported yield reduction in alfalfa of 13 to 27% due to potato leafhop
per damage. In Maryland and Minnesota, annual losses from potato leafhop
per damage to alfalfa and potatoes have been estimated at $661ha and 
$290Iha, respectively (Lamp et al. 1991; Noetzel et aL 1985). In addition to 
agricultural crops, potato leafhopper is also known to utilize over 100 species 
of host plants including clovers, broadleaf weeds, grasses, ornamental plants 

lInstitute of International Agriculture, Michigan State University, East Lansing, 
MI48824. 

2Department of Entomology and Pesticide Research Center, Michigan State Uni
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3Department of Entomology, Michigan State University, East Lansing, MI48824. 
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and trees (Poos and Wheeler 1943, Medler 1957, Hogg 1985, Lamp et. al. 
1994).

The potato leafhopper is a multivoltine sucking insect. Using a combina
tion of probing and sucking behaviors, adults and nymphs remove plant sap 
directly from the vascular (water and food transport) system in the leaflet, 
petioles and stem of the plant. The mechanical damage and the proteins pre
sent in the saliva result in disruption of phloem tissue structure and translo
cation processes (Kabrick and Backus 1990, Ecale and Backus 1994). Injured 
plants have reduced rates of photosynthesis and transpiration (Womack 
1984, Flinn et al. 1990). Damage is expressed by reduced rates of matura
tion, growth and nutrient levels (Hutchins et al. 1990, Cuperus et al. 1983, 
Lamp et al. 1985) 

The potato leafhopper does not overwinter in the north central and 
northeastern states. It is known to overwinter as an adult along the Gulf of 
Mexico and migrate northward each spring (Poos 1932, De Long and Cald
well 1935, De Long 1938, Medler 1941, Flanders and Radcliff 1989, Carlson 
et. al. 1992). Decker and Cunningham (1968) conclude that overwintering 
sites of potato leafhopper are limited to areas which have frost-free periods of 
at least 260-270 days. Potato leafhopper overwinters primarily in southern 
Louisiana and northern Florida (Decker and Cunningham 1968), but 
changes in the overwintering distribution have been observed (Taylor and 
Shields 1995a). An increase in population occurs in the overwintering area 
from February through April (Medler 1962, Taylor and Shields 1995b), po
tentially resulting in large numbers of potato leafhopper in the lower Missis
sippi River Valley area mid-April through early May (Decker 1959). These 
populations are believed to be the source of the potato leafhopper influxes in 
the northern United States during April, May and June (Pienkowski and 
Medler 1964). Populations of potato leafhopper can move over long distances 
on synoptic weather fronts over short periods of time (Pienkowski and 
Medler 1964, Carlson et al. 1992). 

The potato leafhopper damage severity and economic loss in the north 
central and eastern United States during a given year depends on several 
factors including: time of arrival, frequency and magnitude of arrival, 
weather conditions at arrival time, crop and pest management practices and 
weather conditions during the growing season. Because potato leafhopper is 
a migratory insect, time of arrival can be very important in terms of number 
of generations produced and abundance during a given year. It is the genera
tions resulting from this initial colonization which cause economic loss to 
commercial crops. 

In the north central and eastern United States, potato leafhopper man
agement strategies during years when there is an early and large influx of 
migrants can be critical to prevent potato leafhopper damage. However, the 
inability to accurately predict arrival and magnitude of the potato leafhopper 
migration from its overwintering sites in southern U.S.A. reduces manage
ment strategies to a reactive rather than proactive process. In some north 
central and eastern states, large influxes of adult leafhoppers may arrive 
aboard a single weather system with no current or prior warning and result 
in major economic loss to local crops before detection and management. The 
development of preventive pest management strategies for potato leafhopper 
requires knowledge and understanding of the relationship between weather 
(episodic meteorological events surrounding potato leafhopper arrival) and 
pest status and accurate prediction of their arrival. With the rapid advance
ment in computer tools and technologies and the availability of historical cli
mate data sets, new predictive strategies can be developed for pests such as 
potato leafhopper. 
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To efficiently utilize the computer technology and climate databases to 
understand potato leafhopper migration and develop preventative ap
proaches to damage reduction and risk prediction, it will require long-term 
data sets on potato leafhopper first occurrence and severity. 'fhe objective of 
this study was to compile all available information on potato leafhopper first 
occurrence and damage severity, and to examine the relationship between 
time of arrival and subsequent severity. 

METHODS 

A multi-state cooperative network composed of 16 states and 23 investi
gators (Table 1) was established to obtain and consolidate available dates of 
first occurrence and damage severity of potato leafhopper in north central 
and eastern United States since 1951. Severity was classed into five cate
gories; 1 Low (Less than 20% of crop acreage (alfalfa, other) exceeding eco
nomic threshold), 2 = Moderate (20-40% crop acreage exceeding economic 
threshold). 3 = Heavy (40-60% crop acreage exceeding economic threshold). 
4 = Severe (60-80% crop acreage exceeding economic threshold), 5 Very se
vere (80% or above of crop acreage exceeding economic threshold). 

Information sources included: potato leafhopper literature review, Coop
erative Agricultural Pests survey (CAPS) network database, annual reports 

Table 1. Cooperators 

State Cooperators Institutions 

Illinois S.J E. J. f.rlm"",,, University of Illinois 

Indiana L.W. Bledsoe Purdue University 

Iowa M. E. Rice Iowa State University 

Kentucky B. C. Pass University of Ken tucky 

Maryland W. O. Lamp University ofMaryland 

Michigan M. E. Whalon, D. A. Landis, Michigan State University 
S, H. Gage, K. M. Maredia, 
J. Andresen, M. J. Kaeb 

Minnesota K. Flanders, E. B. Radcliffe, University of Minnesota 
W. D. Hutchison 

Missouri W. C. Bailey University of Missouri 

Nebraska S. D. Danielson University of North Dakota 

New York E. J. Shields Cornell University 

North Dakota S. D. Danielson University of North Dakota 

Ohio J. K. Flessel, R. B. Hammond Ohio State University 

Oklahoma R. C. Berberet Oklahoma State University 

Pennsylvania A. A. Hower Pennsylvania State University 

Virginia R. L. Pienkowski Virginia Polytechnic Institute 

Wisconsin D. B. Hogg University of Wisconsin 
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Table 2. Sources used for gathering Potato Leafhopper first occurrence and severity 
data. 

Data received from cooperators working on potato leafhopper through delphi survey 
(information mainly from NCR-193 group) (Table 6) 

Potato leafhopper data from Cooperative Agricultural Pests Survey (CAPS) database 
(1988-91) 

NC-193 annual reports (1990-91): Spatial dynamics ofleafhopper pest and their man
agement on alfalfa. 

NCR-149 annual reports (1980-1980): Pest management strategies for leafhoppers, 
spittle bugs and aphids on alfalfa. 

Pest Alerts published by Michigan State University Cooperative Extension Service 
(1971-86) 

Potato leafhopper summaries compiled by Dr. George C. Decker, former Director of 
Center for Economic Entomology, University of Illinois (1951-68). 

Peterson, A. G., J. D. Bates and Saini, R. S. 1969. Spring dispersal of some leafhoppers 
and aphids. Journal of Minnesota Academy of Sciences. 35 (2):98-102. 

Medler, J. T. 1957. Migration of potato leafhopper-a report on a cooperative study. 
Journal ofEconomic Entomology. 50:492-497. 

Pienkowski, R. L. and J. T. Medler. 1964. Synoptic weather conditions associated with 
the long-range movement of the potato leafhopper, Empoasca fabae, into Wisconsin. 
Annals ofEntomological Society of America. 57:588-591. 

of North Central Regional (NCR) research projects (NCR-149 and NCR-193), 
Pest Alerts published by Michigan State University Cooperative Extension 
Service and potato leafhopper summaries compiled by Dr. George C. Decker, 
University of Illinois. In addition a delphi survey was conducted to obtain in
formation from cooperators working on potato leafhopper (Table 1). The de
tails ofthe above sources are given in Table 2. 

A correlation analysis between first occurrence dates and damage sever
ity was conducted for three individual states and for the north central and 
north eastern regions to examine the relationship between the time of arrival 
and severity. The analysis was done for Michigan, Minnesota and Wisconsin, 
as these states had the largest number of observations available. 

RESULTS 

The data on the first occurrence of the potato leafhopper migrants in the 
north central (Table 3) and north eastern (Table 5) United States show that 
the arrival time of potato leafhopper varies substantially from year to year 
(mid-April to early June). Severity of potato leafhopper damage in the north 
central (Table 4) and northeastern (Table 6) United States also shows wide 
variability (1-5) from year to year (Smith and Medler 1959, Hutchins and 
Pedigo 1990). The earliest date of arrival in north central states is March 23, 
the latest date is June 13 with a mode of May 11 to May 20 (46 observations) 
(Table 3). In the northeastern states the earliest date of arrival is March 27, 
the latest date is June 21 with a mode ofJune 1 to June 10 (15 observations) 
(Table 5). 
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Year MI WI IL OR IA IN KY MN NE NO SD MO KS OK 

1983 5/30 5/26 5/1 6/1 * * 519 * 
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Table 4. Severity of potato leafhopper in north central United States. ** 

1998 79 

Year MI WI IL OR IA IN KY MN NE ND SD MO KS OK 

1951 '" 2 * 2 * '" * '" '" 2 '" '" '" '" 
1952 * 4 4 4 '" 5 '" 4 2 * 3 * * * 
1953 5 4 * 4 5 '" '" 4 '" * 3 3 2 1 
1954 3 3 3 3 3 3 '" 2 3 '" '" 1 '" 1 
1955 * 3 3 3 * 3 * '" 3 4 3 3 '" 2 
1956 * 4 3 2 * * '" 2 3 3 3 3 * 2 
1957 '" 3 4 3 * 3 '" 2 4 2 3 5 '" '" 
1958 * 2 1 1 * * '" 1 1 1 1 1 '" '" 
1959 * '" * 2 * 3 '" * 2 3 1 '" '" '" 1960 *' 1 1 * 2 '" * '" * 3 2 2 2 '" 
1961 * 4 3 4 * 3 * 1 3 1 1 '" '" '" 1962 1 3 2 4 '" 3 '" '" 1 1 '" 2 '" * 
1963 '" 2 1 2 '" '" '" * 1 '" '" 1 * '" 1964 3 3 3 4 '" 3 '" '" 2 '" '" 3 * * 
1965 '" 3 2 1 '" 2 '" 3 1 '" '" 2 '" '" 1966 2 3 3 1 '" 2 '" 3 3 1 '" '" 1 * 
1967 3 2 * 4 '" 3 * 3 * '" '" 3 '" '" 1968 *' * * '" * '" * 3 '" '" '" '" * '" 
1969 *' * * * '" '" * 3 '" * * '" '" '" 
1970 '" * * * *' '" * 2 '" * '" '" '" * 
1971 2 * '" * '" '" '" 2 * '" * '" '" '" 
1972 '" '" '" * '" '" '" 2 '" '" '" '" '" * 
1973 2 '" * '" '" '" '" 1 * '" * '" '" '" 1974 '" '" * * * * '" 2 * * '" '" '" '" 1975 * * * * * '" '" 3 '" '" '" '" '" '" 
1976 2 '" '" '" '" * '" 2 '" '" * '" '" * 
1977 2 * * * *' '" '" 2 '" '" '" * '" '" 
1978 
1979 

3 
4 

* 
* * 

* 
'" 

'",. '" 
'" 

'" 
3 

2 
2 

'" 
'" 

'" 
'" 

'" 
'" 

'" 
'" '" 

* 
'" 
* 

1980 1 * '" *' * 1 '" 1 '" '" * '" '" 1 
1981 5 * 4 4 * 5 4 3 '" '" '" '" * 1 
1982 3 * '" 2 '" * 2 3 * '" * '" * 1 
1983 
1984 

4 
2 

'" 
'" 

4 
1 

1 
1 '",. 4 

* 
1 
1 

5 
1 

'" 
* 

'" 
'" 

'" 
'" 

4 
* 

'" 
'" 

1 
1 

1985 2 '" * '" * * 1 2 * '" '" 1 * 1 
1986 '" '" '" * *' 4 4 2 5 '" '" 2 * 1 
1987 '" '" '" *' * '" 1 2 2 '" '" 1 '" 1 
1988 1 '" '" 1 * * 1 2 2 '" 1 '" 1 
1989 3 2 '" '" '" * 2 2 * '" 2 '" 1 
1990 3 * 3 '" '" '" 2 3 '" '" '" 2 '" 1 
1991 4 * '" *' * '" 2 4 * '" '" 1 '" 1 
1992 1 3 3 4 3 2 1 4 4 '" '" 2 '" 2 
1993 3 '" '" '" *' * '" 4 '" '" '" '" * 2 
1994 2 '" '" * *' * '" 4 '" * * '" * 1 
1995 4 '" * *' *' * '" 4 '" '" '" * '" 2 
1996 3 * * *' '" * '" 2 '" * '" * '" 1 
1997 2 * * *' '" '" * 5 '" * '" '" * 2 

'" Missing Data. 

** Severity on a 1 to 5 scale, where 1 =low, 2 =moderate, 3 =heavy, 4 =severe, 5 = 

very severe. 
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Table 5. Dates of the first occurrence of potato leafhopper in the north eastern United 
States. 

Year NY NJ DL MD MA NH PA VT RI VI 

1951 
1952 

'" 
* 

.. .. * 
* 

* 
.. 

* 
* 

* 
* 

* ,. * 
* 

* 
* 

* .. 
1953 
1954 
1955 
1956 
1957 
1958 

6/2 
6/8 

'" 
6/5 
3/27 
6/19 

* 
* .. .. 
* .. 

5/29 6/15-20 
* 

6/10 

* .. 
* 

.. 
6/10 
* 

5122 
* 

* .. 
* 
* 
* 
* 

* 
* 
* ,. 
* 
* 

* 
* 

6/3.. 
LtMay,. 

* 
* 
* 
* .. 
* 

.. 
* 
* 
* .. 
* 

5/29 
5/1 
* 
* 
* 
* 

1959 '" * 5/22 6/5 * * * * * * 
1960 
1961 
1962 
1963 

6/6 
6121 

'" ,. 

* .. 
* 
* 

LtMay 
* 
* 

5/31 

* 
6/6 
* 

6/4 

5/28 
5/23 
* 
* 

* 
* 
* 
* 

* 
* ,. 
* 

* 
* .. 
* 

* .. 
* 
* 

* 
* 
* 
* 

1964 * * * * * * * * * * 
1965 
1966 
1967 
1968 

* 
* 
* 
* 

* 
* ,. 
* 

* .. 
* 
* 

5/19 
6/7 
6/5.. 

.. 

.. 
.. 
* 

* 
* 
* 
* 

* ,. 
* .. 

* 
* 
* 
* 

* .. 
'" 
* 

* .. 
* 
* 

1969 
1970 

* 
* 

.. ,. * 
* 

.. 
* 

* .. * 
'" 

.. .. * 
* 

* 
'" 

* 
* 

1971 
1972 

* 
* 

* ,. .. 
.. * 

* 
'" 
* 

* .. .. 
* 

* 
* 

.. 
* 

.. 
* 

1973 * * 
,. 

* 
,. 

* 
,. 

* .. * 
1974 
1975 
1976 
1977 

* 
* 
* 
* 

* ,. 
,. 
* 

.. 
* .. 
* 

,. 
.. 
* ,. 

.. 

.. 
* 
* 

* 
'" 
* .. 

* 
* .. 
* 

* 
* 
* .. 

* 
* 
* 
* 

.. 
* 
* .. 

1978 '" * * * .. * .. .. * * 
1979 
1980 
1981 

* 
* 
* 

.. .. 
* 

.. 
* .. 

* .. 
* 

.. ,. 
,. 

.. .. 
" 

" 
* .. 

* 
* 
* 

* 
* .. 

* 
* 
* 

1982 * * .. * * .. " * * * 
1983 
1984 

* 
* 

.. 
* 

,. 
* 

.. 
* 

,. 
* 

" .. * 
* 

* 
* 

* .. 5/24-27.. 
1985 * * .. .. .. * .. * .. .. 
1986 
1987 
1988 

* 
* 

6/4 

* 
* 
* 

* 
* 
* 

5/16 
5/14 
5/11 

.. 
* 

5116 

* .. 
6/13 

* 
* 

5/24 

* 
* 
* 

* 
* .. 

* .. 
5117 

1989 
1990 

5/28 
5/7 

* 
5/23 

.. 
* 

5/21-25 
4123 

* 
6/8 

* 
6/4 

5/25 
5/9 

* 
* 

* .. 5/12-16 
4125 

1991 
1992 
1993 
1994 

5116 
6/9 
* .. 

5/13 
* 
* 
* 

.. 
* 
* 
* 

5/10 
4/29 
5/7 

4126 

5/20,. 
* 
* 

5/22.. 
* 
* 

5/14 
5/24.. 
* 

* ,. 
* 
* 

* .. .. .. 

4125 
4129 .. 
* 

1995 
1996 
1997 

.. 
* 

Lt. May 

* 
* 
* 

* 
* 
.. 

5/8 
4119 
5112 

* 
",. 

* 
* .. 

* 
* 
* 

'" 
* 
'" 

* 
* 
* 

* 
* 
* 

.. Missing Data; Lt = Late 
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Table 6. Severity of potato leafhopper in the north eastern United States. ** 
Year NY NJ DL MD MA NH PA VT RI 

1951 1 1 ,.
1952 4 3 4 4 3 2 * 3 2 ,. ,. ..1953 5 5 3 4 * 4 ,. ..1954 * 3 1 2 3 * * 3 ,. ,...1955 2 1 1 2 3* * ,. ,...1956 2 4 2 * 4 * * ,.
1957 3 1 2 3 * * 4 * 3 ..1958 1 1 1 1 1 1* * * ,. ,. ,...1959 2 * * 2* * ,. ,. ,...1960 2 3 3* * * 
1961 1 2 2 4 3 2 2 ** * 
1962 2 2 3 3 2 4 2 2 
1963 3 3 

* 
* 3 * * 

* ,. 
3 .. .. ,.

1964 3 3 4 2 2 3* * ,. * 
1965 3 2 3 4 * 2 4 * * ,. ..1966 1 3 3 1 3* * * 
1967 4 2 3 2 * * 4 * * 3,. ,...1968 2* * * * * * ,. ,. ,...1969 * * * ** * ,. ,. ,. ,...1970 * * * * * ,. ,. ,.1971 ** * * * * * ,. ,...1972 * * * * * * * ,. ,. .. ,. ,.1973 ** * * * ,. ,. ,. ,...1974 * * ** * ,. ,.1975 * ,. * * ,. * * ,. * ,. * ,. * ..1976 3* * * ,. ,. ,. ,...1977 2* ,. ,. * ,. ,. * ,. ,. * 1978 3* * * ,. ,. ,. ,... .. ..1979 3 * * ,. ,. ,. ,. ,. ,...1980 * 3 * ,. ,. ,. ,...1981 3 * * * * ,. ,. ,...1982 3* * ,. * ,. ,. * .. .. * ,.1983 * 3 1* ,. ,. ,. ,. ,. ,. ,. ,.1984 4 * ,. ,. ,. ,...1985 3* * * * ,. ,.1986 * * ,. * 3 * * * ,. * ,.1987 3 4 4* * * * ,. ,. ,. ,... ..1988 1 3* * ,. ,.1989 3 3 2 2* * * * ,. ,.1990 4 4 1 4* * * * ,. ,. ,...1991 4 4 1 4* * ,... ..1992 1 3 * 1 * 2* ,. ,. ,.1993 4* * * * * * ,. ,. ,. ,.1994 3* * * * * ,. ,. ,. ,. ,...1995 4 * * * ,. ,. ,. ..1996 * * 3 ** * ,. ,. ,...1997 5 * * * * * 
* Missing Data. 

** Severity on a 1 to 5 scale, where 1 = low, 2 moderate, 3 = heavy, 4 = severe, 5 = 

very severe. 
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Table 7. Correlation coefficient of potato leafhopper first occurrence dates and severity 
for selected states, North Central and North Eastern regions. 

State or Region R square value 

Michigan 0.47 
Minnesota -0.06 
Wisconsin -0.03 
North Central Region -0.08 
North Eastern Region -0.29 

Note: R square values calculated using Spearman's correlation method. 
NS =Non significant at P= 0.05 

The analysis of variance of potato leafhopper severity data for the north 
central and north eastern regions showed significant differences between 
years (P > 0.05). However, there were no significant differences in severity 
among states within the north central region. This indicates that potato 
leafhopper severity is a regional phenomenon (see Table 4, years 1958 and 
1981). A correlation analysis conducted between first occurrence dates and 
severity for Michigan, Minnesota, Wisconsin, the north central region and 
the north eastern region showed that no significant relationship was ob
served between time of arrival and subsequent damage severity (P > 0.05) 
(Table 7). The lack of a significant relationship between the time of arrival of 
the migrant leafhoppers and damage severity indicates that other factors, in
cluding frequency and magnitude of arrivals, weather conditions during the 
growing season and crop management practices contribute to the eventual 
damage severity caused to crops by the potato leafhopper. 

DISCUSSION 

It is generally assumed that the earlier a migrant arrives in an area the 
more severe the damage to the crops. The data analysis from this study 
shows a poor association between time of arrival and severity of damage. 
Severity is a complex phenomenon governed by several interacting compo
nents of which time of arrival is a contributing factor. 

The data set presented here on the first occurrence and severity of potato 
leafhopper in north central and eastern United States is not comprehensive. 
There are many missing data points as the information is not available or no 
monitoring was done. This data set should be periodically updated with new 
information as it becomes available. Missing data emphasizes the need for 
regional scale, standardized, regular and long term biological monitoring. 

Since the potato leafhopper is a migratory pest, first arrival data can be 
combined with a meteorological database to determine the historical migra
tion conditions (Huff 1963, Pienowski and Medler 1964). Together with 
known or inferred biological factors, this information can be useful to con
struct climatologies for first arrival of the potato leafhopper. These historical 
models could provide a risk assessment, enhance allocation of integrated pest 
management monitoring resources, and thus, enhance current management 
strategies for this pest on several important agricultural crops. 

Historical pest information, such as the potato leafhopper database de
veloped during this study, can have many other applications besides input to 
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preventive management models. The spatial dynamics of first occurrence and 
severity could be useful to researchers conducting long term ecological and 
economic studies on migratory insects. The data also could be useful to re
searchers studying trends in climate change using the potato leafhopper as 
an indicator species. 
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