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LONG-TERM POPULATION MONITORING OF THE KARNER BLUE
(LEPIDOPTERA: LYCAENIDAE) IN WISCONSIN, 1990-2004
Ann B. Swengell and Scott R. Swengel1

ABSTRACT
We monitored Wisconsin populations of the Karner blue (Lycaeides melissa samuelis Nabokov, Lepidoptera: Lycaenidae) during 1990-2004. We surveyed consecutive spring and summer broods in two contiguous central Wisconsin counties (Jackson, Wood), starting with three sites in summer 1990 and
expanding to 14 sites by summer 1996 (“constant-site monitoring”). In northwestern Wisconsin (Burnett County), we started constant-site monitoring of
consecutive summer broods with 11 sites in 1991, expanding to 15 sites by
1998. Population indices (Karner blue individuals per km on peak survey per
site per brood) from constant sites were positively and significantly correlated
with comparable indices for the same broods from “non-constant sites” (all
other Karner blue sites we surveyed, which changed in number and location in
each brood). The non-constant-site indices for summer 1998-2003 from the
statewide Habitat Conservation Plan (HCP) had no significant correlations
with our constant-site and non-constant-site indices, or with constant-site indices from Fort McCoy (Monroe County, central Wisconsin). Fort McCoy indices
had many significant correlations (all positive) with our constant-site indices,
biased toward our indices from nearer sites, but not with our non-constant-site
indices. Correlations using both spring and summer indices produced more
significant effects than the same tests using only summer or spring broods.
Burnett County indices never correlated significantly with indices from central
Wisconsin counties ca. 250 km away, while indices from the central Wisconsin
counties often covaried significantly. Thus, datasets comprising constant-site
indices with >6 years of surveys sampling both spring and summer broods had
greater statistical power and showed stronger covariances among nearer sites.
Brood size varied more in consecutive springs than consecutive summers,
and the larger the geographic scale of an index, the lower this variability was.
The longer the time period sampled, the larger the coefficients of variation (CV)
for the mean of the indices per site, so that monitoring for shorter time periods
would underestimate Karner blue population variability.
For tests of trend (correlation of indices with year) with P < 0.10, the sign
of the coefficient was always the same for a given group of sites, no matter the
type of correlation (linear or non-parametric), type of index (three-year running
average or individual brood), or set of seasons used (spring and/or summer).
Correlations using only summer indices or using both spring and summer indices produced similar levels of significance. Correlations using only spring indices produced fewer significant results. We classified our sites by management
class used in the HCP: “shifting mosaic” (SM, in forest succession) and “permanency of habitat” (PH, rights-of-way not in succession). “Reserve” (R) had management activities exceeding the minimum required by the HCP, akin to nature
reserve management. R sites had non-significant or positive near-significant
trends. SM and PH had many negative significant and near-significant trends,
both for fewer sites over more years and more sites for fewer years. SM sites had
no tree-cutting during this study, and Karner blue abundance negatively relates
to forest canopy. Conversely, routine mowing and brush-cutting in PH sites are
favorable for Karner blues. But most PH sites also experienced soil-exposing
events in 1996 and/or 2000-2004 that destroyed vegetation. At Crex Meadows,
Karner blues appeared to increase more in the permanent non-fire refugium
1
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than at other sites there, which continued in fire management with modifications favorable for Karner blues but both the refugium and other sites had
similar positive significant trends.
____________________
The Karner blue (Lycaeides melissa samuelis Nabokov, Lepidoptera:
Lycaenidae) is restricted to eastern North America. It has two complete life
cycles per year (spring and summer “broods” or generations), feeds only on wild
lupine (Lupinus perennis L., Fabaceae) as a larva, and overwinters as an egg.
This butterfly has a geographically 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 (Iftner et al. 1992, Bleser
1993, Dirig 1994, Packer 1994, Savignano 1994).
The Karner blue was federally listed as endangered in the U.S. in December 1992 (U.S. Fish and Wildlife Service 2003) and considered extirpated in
Canada. This butterfly has never had legal protection in Wisconsin at the state
level. A federal recovery plan for the Karner blue was approved in 2003; many
recovery activities started before then. Critical habitat has not been designated, but five recovery units (regions) have been established in Wisconsin,
although specific recovery activities in these units were not identified.
Also pursuant to federal listing, a Habitat Conservation Plan (HCP) for
Wisconsin was approved in September 1999 (Wisconsin Department of Natural
Resources 2000, Carter 2002). The federal listing in 1992 immediately reduced
the range of legal activities (e.g., for roadside management and timber harvest)
in locations occupied by the butterfly, more so before than after HCP approval.
The HCP defines the minimum legal requirements for landowners of Wisconsin
Karner blue localities. Land uses are not required to achieve recovery of the
butterfly but must meet the lesser standard that they will be activities “with
consideration for the Karner blue butterfly and its habitat” or “will not appreciably reduce the likelihood of the survival and recovery of the Karner blue
butterfly in the wild”.
In the HCP, occupied sites are categorized as either “shifting mosaic”
(SM) or “permanency of habitat” (PH). SM sites, primarily in timber management, proceed through forest succession, with the Karner blue expected to decline as trees shade out wild lupines. But as forested sites are cleared of trees,
the Karner blue is expected to colonize wild lupines regenerating in cut sites.
PH locations, such as roadsides and power line rights-of-way, are managed to
remain non-canopied in ways not harmful to Karner blues. Many HCP activities began well before plan approval, and management activities at some sites
exceed the minimum required by the HCP, so as to become “sites to feature,
protect, or enhance the Karner blue butterfly and its habitat” (i.e., akin to nature reserve management and recovery activities).
In this paper, we analyze our 15 years of Karner blue surveys in central
and northwestern Wisconsin. Although selected prior to federal listing and/or
HCP approval, our monitoring sites represent the three management categories: shifting mosaic, permanency of habitat, and reserve (i.e., where recovery
would be expected to occur).
Surveying and monitoring are necessary components of conservation programs for rare or declining butterfly species (Dennis 1993, Pollard and Yates 1993).
As a result, much effort in the U.S. and Canada has been devoted to surveying and
monitoring Karner blues (e.g., many papers in Andow et al. 1994, Brown and Boyce
1998). The assessment of a butterfly’s status and trend is greatly confounded by
large variability among broods attributable to fluctuations in abundance due to
climate and other factors (Dennis 1993, Pollard and Yates 1993).
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In this paper, we (1) test for consistency in population indices, by correlating indices within subregion among different samples of sites; (2) compare indices between “constant sites” (location and number of sites held constant among
broods) and “non-constant sites” (all other Karner blue sites we surveyed in the
same broods; these sites changed in number and location in each brood); (3)
correlate indices from our surveys to those from other monitoring programs in
Wisconsin; (4) test the usefulness of surveying sites repeatedly within brood for
obtaining an index that is the peak survey per brood; (5) correlate constant-site
indices among counties, to test for regional variation in annual fluctuation and
trend; (6) compare abundance between the spring and summer broods; (7) calculate the (a) short-term variability in broods between consecutive broods and
subsequent broods of same season, and (b) long-term variability in indices over
the course of the study; and 8) test for trends in the indices by season, by subregion, and by management and land use category, with comparisons of results by
whether number of sites or number of years is optimized. Such information
should prove useful for designing and interpreting surveys of Karner blue populations, as well as assessing this butterfly’s status and trend in Wisconsin.
METHODS
Study sites and surveys
We conducted transect surveys of Karner blue adults in each brood from
spring 1990 through summer 2004, with 23,410 individuals recorded in 1147
km of surveys between 13 May and 6 September at a cumulative total of 171
pine-oak barrens in two subregions (and in all five federal recovery units): (1)
eight counties (Clark, Eau Claire, Green Lake, Jackson, Juneau, Monroe, Portage, Wood) in central Wisconsin and (2) one county (Burnett) in northwestern
Wisconsin (43.93-45.98ºN, 89.10-92.74º W) (Fig. 1). It was not possible to visit
all sites each year, but we surveyed most sites multiple times both within a year
and among years, and surveyed many sites in both subregions each year.

Figure 1. Map of Wisconsin, identifying counties mentioned in this paper.

110

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 3 & 4

We surveyed along like routes within each site each visit (similar to Pollard 1977), as described in Swengel and Swengel (1996). All butterfly species
found were counted, but survey times and locations were selected to study
barrens-specific butterflies, including the Karner blue. Karner blue individuals
were sexed, if possible. A new survey unit was designated whenever the habitat
along the route varied by management 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. Surveys occurred in a wide range of weather and times of day.
Occasionally surveys occurred in intermittent light drizzle, so long as butterfly
activity was apparent, but not in continuous rain.
In central Wisconsin, we started “constant-site” population monitoring
(consecutive-brood surveying of a site) in two contiguous counties (Jackson, Wood)
in summer 1990 (N = 3 sites) (Table 1). We added additional monitoring sites
in the same counties in spring 1991 (N = 2 sites), spring 1992 (N = 3), spring
1993 (N = 1), spring 1994 (N = 1), spring 1995 (N = 3), and summer 1996 (N = 1).
For some sites, we had surveyed them in several non-consecutive broods before
consecutive-brood surveying began. We tried to survey all monitoring sites
several times within a brood (Fig. 2) to obtain one survey as near to “peak”
numbers as possible, but weather and scheduling problems prevented this at a
few sites in some broods.
In northwestern Wisconsin, we consistently surveyed Karner blues only in
summer. We started with 11 constant sites in summer 1991 (Table 1), with one
site added in 1994, one in 1995, and two in 1998. We surveyed these monitoring
sites in three spring broods: 12 sites in 1994, 8 of the 15 sites in 1998, and all 15
sites in 2004. We only surveyed on one date per brood (Fig. 2). Our phenological
observations in central Wisconsin and elsewhere in northern Wisconsin aided in
date selection. Because sex ratio significantly declines during the course of a
Karner blue brood (Swengel and Swengel 1996), this offers the opportunity to
test for how consistently we timed this one survey date per brood relative to
Karner blue phenology. We tested for a systematic change in sex ratio (and
therefore phenology of survey date) during the study period with a Spearman
rank correlation of sex ratio (percent males of sexed individuals) and year for the
11 sites surveyed 1991-2004. There was no trend in sex ratio (r = -0.105, N = 117
unit surveys with any sexed individuals, P > 0.10), and the long-term mean
percent males for these sites (77.0%) and the other four sites (68.3%) falls
within the range (51.2-79.8%) observed on the peak date in summer broods in
central Wisconsin (Swengel and Swengel 1996: Table 2).
All constant-site monitoring sites were occupied by Karner blues at the
start of population monitoring. The three counties these sites fall in are each in
a different federal recovery unit. All sites within a county are nearer to each
other (<25 km apart) than to any site in another county (>30 km apart). We did
not bias toward large populations in site selection; some sites had few Karner
blues when added to this study. Our biases were that the site was known to us
and open to public visitation, efficient to travel to relative to sites already in the
study (due to clustering of some sites and due to efficient routing among sites),
appeared to support Karner blues consistently, and added vegetative and management range to our sample.
Our population index is the peak survey total per site per brood. Nearly
all our peak surveys occurred within the weather parameters of the British
Butterfly Monitoring Scheme (Pollard and Yates 1993) and the minimum temperature was ≥17ºC for 98% of our peak surveys. Outside the British parameters were seven spring surveys in northwestern Wisconsin with a minimum
temperature of 16ºC (not 17ºC) for surveys with <60% sunshine (these seven
surveys had 15-50% sunshine). Our peak surveys occurred in a much wider range
of times of day (0712-1818 hrs standard time) than in the British program. For
comparisons among sites, we standardized the peak count to route distance to
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Table 1. Constant-site monitoring sites in central Wisconsin (Jackson and Wood
Counties) and northwestern Wisconsin (Burnett County). In central Wisconsin,
we surveyed consecutive broods since the first brood surveyed; in northwestern
Wisconsin, consecutive summer broods.
Subregion/County/Site

First brood

Type1

Km

Latitude Longitude

summer
summer
spring
spring
spring
spring
spring
spring
summer
spring

R
SM
R
R
PH
SM
SM
PH
SM
SM

1.45
0.56
0.28
0.40
1.69
0.40
0.93
0.40
0.84
0.40

44.31
44.32
44.281
44.283
44.23
44.273
44.273
44.275
44.2782
44.278

90.564
90.73
90.742
90.744
90.65
90.764
90.766
90.765
90.678
90.678

spring
summer
spring
spring

PH
PH
PH
R

0.97
1.61
0.46
0.56

44.30
44.34
44.32
44.33

90.13
90.13
90.13
90.18

1994 spring
1995 summer

SM
PH

0.40
0.84

45.905
45.91

92.543
92.545

1991 summer
1991 summer

R
0.56
R (south), 0.64
PH (north)
R
0.36
R
0.48
R
0.80
R
0.32
R
0.32
R
0.28
R
0.44
R
0.48
R
0.56

45.875
45.88

92.55
92.55

45.87
45.92
45.90
45.88
45.88
45.878
45.878
45.83
45.905

92.55
92.58
92.60
92.632
92.634
92.632
92.634
92.67
92.55

R
R

45.738
45.735

92.74
92.74

Central Wisconsin
Jackson County
Dike 17
1990
North Brockway East
1996
South Brockway West 1 1995
South Brockway West 4 1991
Stanton Roadside
1991
West Castle Mound 2
1992
West Castle Mound 4
1992
West Castle Mound roadside 1994
Wildcat-Spangler NE
1990
Wildcat-Spangler SE
1993
Wood County
Highway X east-west
1991
Highway X north-south
1990
Highway X south
1995
Sandhill west field
1995
Northwestern Wisconsin
Burnett County Forest
Peet Firebreak
Peet Roadside
Crex Meadow Wildlife Area
James Road
Klots Road
Main Road
North Reed Lake East
North Refuge Road
Overlook Northeast
Overlook Northwest
Overlook Southeast
Overlook Southwest
Phantom Prairie
Reed Corner
Fish Lake Wildlife Area
Stolte Road unit 1
Stolte Road unit 2

1991
1991
1991
1991
1991
1991
1991
1991
1991

summer2
summer
summer
summer2
summer2
summer2
summer
summer
summer

1998 spring
1998 spring

0.28
0.40

R = reserve; SM = shifting mosaic (forest succession), PH = permanency of habitat
(kept open); in analysis, Klots Road is treated as R.
2
No sampling in summer 1996 due to inclement weather.
1
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Figure 2. Survey dates during the Karner blue flight period at long-term monitoring
sites.

create a rate of observation (or relative abundance) per km that is comparable
among sites. Where actual survey totals (not standardized to km) are analyzed,
this is so noted. We recorded 13,259 Karner blues in 403 km of peak surveys.
Other monitoring datasets
As part of the HCP, a three-step Karner blue population monitoring program began in 1998 (Carter 2002). First, a random sample of tracts subject to
HCP regulation and containing soil types suitable for lupine growth was surveyed
for presence of wild lupine. Second, at a random sample of tracts containing
lupine, surveys for presence or absence of Karner blues were conducted. Third, at
a random sample of tracts that meet minimum lupine abundance thresholds (i.e.,
different sites each year), Karner blues were counted twice along parallel strip
transects seven or more days apart in the summer brood within a specified range
of weather and time of day. The population index for each site is the sum of Karner
blues on both surveys per km and the statewide index (available for 1998-2003) is
the geometric mean of these indices, for all sites and by management category
(SM and PH) (Carter 2002, Bernstein et al. 2004). This third step (butterfly
transect surveys) did not occur in 2004 (Thibodeaux et al. 2005).
We obtained the unpublished results of Karner blue population monitoring at Fort McCoy, in Monroe County (in the same federal recovery unit with
Jackson County) in central Wisconsin. These surveys were conducted along
fixed routes (mean 1.9 km; range 0.7-4.5 km) at the same sites each year, starting in summer 1996 (N = 2 sites) and summer 1997 (N = 8 sites). Sites were
surveyed repeatedly within brood, often with more surveys per site per brood
than we did at our sites, and in consecutive broods through summer 2004, except
that no sites were surveyed in spring 1998. As in our dataset, we identified the
peak count per site at Fort McCoy per brood, and standardized to survey distance for comparisons among sites. The closest our constant-site monitoring
sites come to the Fort McCoy sites is 12 km.
Robert Welch conducted numerous transect surveys along fixed routes at
two sites in Portage County (central Wisconsin) in the spring and summer broods

16
16
16

14
14
14

+0.671
+0.724
+0.547

+0.864
+0.908
+0.705

<0.01
<0.01
<0.05

<0.01
<0.01
<0.01

2

1

NS = P > 0.05.
Source for dataset provided in “Methods: Other monitoring datasets”.
3
No missing values in summer 1996
4
R = reserve; SM = shifting mosaic, PH = permanency of habitat.

Ft. McCoy 2 sites, summer 1996 on2
Central Wisconsin 14 sites
Jackson County 10 sites
Wood County 4 sites
Northwestern Wisconsin 9 sites3
Central & NW Wisconsin
Central & NW Wisconsin R4
Central & NW Wisconsin PH4
Central & NW Wisconsin SM4

Ft. McCoy 10 sites, summer 1997 on2
Central Wisconsin 14 sites
Jackson County 10 sites
Wood County 4 sites
Northwestern Wisconsin 9 sites3
Central & NW Wisconsin
Central & NW Wisconsin R4
Central & NW Wisconsin PH4
Central & NW Wisconsin SM4

Spring & summer
N
r
P

9
9
9
9
7
7
9
9

8
8
8
8
7
7
7
8
+0.617
+0.683
+0.567
+0.000
+0.757
+0.857
+0.583
+0.733

+0.786
+0.762
+0.667
+0.048
+0.857
+0.893
+0.893
+0.857
NS
<0.05
NS
NS
<0.05
<0.01
NS
<0.05

<0.05
<0.05
NS
NS
<0.05
<0.01
<0.01
<0.01

Summer only
N
r
P

7
7
7

6
6
6

N

+0.607
+0.607
+0.679

+0.829
+0.829
+0.486

NS
NS
NS

<0.05
<0.05
NS

Spring only
r
P1

Table 2. Spearman rank correlation coefficients (r) of our Karner blue indices per brood with Fort McCoy (Monroe Co.) indices (all sites
there lack spring 1998 surveys).
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of 1991-1993 (all data obtained from Welch 1993 and Bleser 1993). Survey
distances were not reported, so we used the peak Karner blue count per site as
the population index.
Statistical analyses
Analysis was done with ABstat 7.20 software (1994, Anderson-Bell Corp.,
Parker, Colorado), with statistical significance set at P < 0.05. Since significant
results occurred much more frequently than would be expected due to Type I
statistical errors, we did not lower the P value further, as many more Type II
errors would then be created than Type I errors eliminated. Near-significant
values up to P < 0.10 are also presented, to test further for Type I errors (i.e.,
near-significant tests that have the same sign as related significant tests indicate more consistency of pattern in a dataset than if the sign is opposite) and to
show characteristics of greater or lesser statistical power (e.g., whether longerterm datasets are more likely to obtain significance than shorter-term datasets).
We pooled population indices into a “brood index” (mean of the population
indices for all sites in the sample, per brood). Analyses of regional trends require
pooling data from multiple sites, to counteract sampling error and site-specific
patterns unrepresentative of prevailing regional patterns. If no pooling ever occurs, then site trends are being analyzed one at a time, and each site’s representativeness of the region would require extensive substantiation. The nature of the
multi-site dataset determines when and how pooling may occur. Most monitoring
datasets are confounded by missing values (incomplete time series at the sites,
but variation among sites as to which values are missing) and observer variability and turnover. Various analytical techniques are applied first to counteract
these confounding factors (not contained in our data). Examples include routeregression, GAM (Generalized Additive Models), and TRIM (Trends and Indices
for Monitoring Data) (Geissler and Sauer 1990, Fewster et al. 2000, Conrad et al.
2004). Missing values are minimal in our dataset (absent in most analyses), and
we have no observer variability since we collected all the data and were experienced in surveying Karner blues before this study began. Thus, we did not need to
apply any preliminary analytical steps prior to pooling (as per Geissler and Sauer
1990). Other examples of analyses that did not require such preliminary analytical steps include analyses of the British Butterfly Monitoring Scheme (Pollard
1977, Pollard 1991, Pollard and Yates 1993) and bird data by Fuller et al. (1995).
Individual site trends might also be calculated first before pooling those
trends into a single regional result, to correct for unrepresentativeness of sites (e.g.,
if 10% of sites occur in the region with 90% of the species’ population, then those 10%
of sites might be weighted proportionately more in the trend calculation than the
other 90% of sites). Although our sites represent a wide range of ownerships and
managements (except for industrial forest land), no data are available to us to
indicate how our sites should be weighted. Thus, we did not attempt to calculate a
representative trend for an entire region. Instead, our pooled index (mean of our
sites’ population indices for each brood) weights all sites equally, and the trends we
calculated with those pooled indices represent only those study sites.
(1) Correlations within subregion among samples of sites: Because
our monitoring sites varied as to when consecutive-brood population monitoring
started, we had to determine for each analysis whether to use indices from fewer
sites but more years, or from more sites with fewer years. Using Spearman rank
correlations, we tested in two ways how much the results would differ depending
on whether larger or smaller samples of sites were used. First, we correlated the
brood indices calculated from increasing pools of sites for the broods common to
all sites in the pool. In central Wisconsin, we calculated brood indices for 3, 5, 8,
13, and 14 sites; for northwestern Wisconsin, for 11, 13, and 15 sites. Second, we
correlated brood indices calculated from separate cohorts of sites. For central
Wisconsin, we calculated these brood indices for summer 1990 on (N = 3 sites),
spring 1991 on (N = 2 sites), spring 1992 on (N = 3 sites), and spring 1995 on
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(N = 5 sites). For northwestern Wisconsin, we calculated these brood indices for
1991 on (N = 11 sites; 4 sites missing in summer 1996), 1995 on (N = 2 sites),
and 1998 on (N = 2 sites).
(2) Comparisons of constant- and non-constant-site indices: In each
subregion, we compared our constant-site brood indices to comparable brood
indices from “non-constant sites” (all other Karner blue sites we surveyed, which
changed in number and location in each brood). The latter is more comparable
to the complete annual change in site selection in HCP monitoring. We calculated brood indices for central Wisconsin (spring 1990 on), northwestern Wisconsin (summers only, 1991 on), and combined central and northwestern Wisconsin (spring 1990 on), using the mean of the peak individuals/km for each unit
not used for constant-site monitoring. Surveys were within the Karner blue
flight period (not necessarily at/near peak) from units where we ever recorded a
Karner blue during our study. We used the Spearman rank correlation to test
for similarity between constant- and non-constant-site brood indices.
(3) Comparison to other monitoring programs: We used the Spearman
rank correlation to compare our constant- and non-constant site brood indices to
indices from other datasets in Wisconsin (see “Other monitoring datasets” above).
For our constant-site brood indices, we used all sites surveyed in the same
broods covered by the other dataset in the correlation. We calculated our indices
by county, subregion, region (averaging all surveys in both subregions), and by
equal weighting for all counties available (with and without the Fort McCoy
dataset covering Monroe County), and by management category (reserve, shifting mosaic, permanency of habitat).
(4) Comparison of additional survey(s) within brood: Separately for our
central Wisconsin and Fort McCoy constant-site population indices, we correlated
the peak and second highest survey totals per site per brood. We did these correlations separately by whether a third count at that site in that brood was available or
not. This is a test of the utility of conducting more counts within a brood to improve
the quality of the population index: The more surveys done per brood, the more that
the top two counts might both represent peak numbers better.
(5) Correlation among counties: In pairwise Spearman rank correlations, we correlated constant-site brood indices among available counties:
Burnett (summer only), Jackson, and Wood Counties in our dataset, and Monroe County in the Fort McCoy dataset.
(6) Comparison of abundance by season: We compared spring and
summer survey totals on the peak survey per site, including each year for each
site in which both spring and summer broods were surveyed. For comparisons
among constant-site datasets and counties, we used the same years for each
group in a comparison.
(7) Variability among broods, a) short-term: In our constant-site monitoring, we calculated how much factor change occurred in Karner blue totals within
site among consecutive broods (spring to summer, summer to spring) and the
same brood between consecutive years (spring to spring; summer to summer), as
absolute values (the larger brood / smaller brood). Since these comparisons are
within site, we calculated these factors using survey totals, although standardizing to kilometers would be arithmetically similar. When both values in a factor
calculation were 0 (rare), we excluded them from all analyses since they create
undefined ratios. When one value in a factor calculation was zero and the other
positive (creating an infinite ratio), we set the value at 100 but excluded these
from means and statistical tests (although their inclusion did not change test
results). A “>” before a mean or median indicates infinite ratio(s) were excluded
from that calculation. These factors were calculated for individual sites and
graduated lumpings of proximate sites, to examine whether variability differs by
population size or geographic scale. We used Mann-Whitney U tests to test for
differences in mean factor change in consecutive broods (summer to spring, spring
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to summer), and annually (spring to spring, summer to summer). The samples
were eight central Wisconsin sites 1992-2004, 14 central Wisconsin sites 19962004, and ten Fort McCoy sites 1998-2004.
7) Variability among broods, b) long-term: We calculated the coefficient of variation (CV) of the population indices to estimate long-term variability in spring and summer indices at constant sites monitored at least six years.
We tested for effects of population size on long-term variability using Spearman
rank correlations of the mean population index per site with the CV of that
mean. We also tested whether shorter monitoring periods exhibited as much
variability as longer ones by comparing CVs of indices for the entire survey span
to CVs of indices for the first and second halves of that span. Sites analyzed for
1992-2004 were our eight sites in central Wisconsin (spring, summer, both
broods) and 11 sites in northwestern Wisconsin (summer only), a total of four
samples. For 1998-2004, we analyzed our 14 sites in central Wisconsin (spring,
summer, both broods), ten Fort McCoy sites (spring, summer, both broods), and
our 14 northwestern Wisconsin sites (summer only; excluding one site lacking a
CV in the first half of the span because we found no Karner blues on those
surveys), a total of seven samples. We used paired t-tests because mean indices
and CVs meet assumptions for parametric tests, and all data were from the
same sites paired between different time periods.
(8) Comparison in trend: To test for trends in our and other datasets,
we used Spearman rank correlation, both with the brood indices and a running
average of these indices using three consecutive broods, in order to damp out
short-term variability from fluctuations to make longer term trends more apparent. We sequentially numbered the broods (1 = spring 1990, 2 = summer 1990,
3 = spring 1991, and so on through 30 = summer 2004.), to enable trend analysis
using both spring and summer broods. We re-ran these correlations using the
Pearson product moment correlation on natural-log transformed indices, to test
for differences between this linear test and the non-parametric Spearman rank
correlation. We tested groups using both fewer sites to obtain longer time spans,
and shorter spans to obtain larger samples of sites. We did these correlations
using spring and summer indices, summer only, and spring only.
RESULTS
(1) Correlations within subregion among samples of sites: In central
Wisconsin, all brood indices calculated from increasing samples of sites strongly
covaried for the broods they had in common (using spring and summer indices,
and summer only): 20/20 Spearman rank correlations were positively significant at P < 0.05, 18/20 at P < 0.01, and 13/20 at P < 0.001. The pattern was
weaker but consistently positive in northwestern Wisconsin (summer indices
only): r = +0.855, N = 10 broods, and P < 0.01 for 11- vs. 13-site indices; r =
+0.750, N = 7 broods, near-significant at P < 0.055 for 13- vs. 15-site indices, but
r = +0.536, N = 7, and not significant for 11- vs. 15-site indices. For Fort McCoy,
the two-site and ten-site indices positively and significantly correlated (P <
0.001 for spring and summer; P < 0.05 for summer only).
The correlations among brood indices from different cohorts of monitoring
sites (i.e., no overlap in sites among indices) were all positive but statistically
weaker. In central Wisconsin (testing both spring and summer, and summer
only), 9/12 Spearman rank correlations were significant at P < 0.05, 7/12 at P <
0.01, and 4/12 at P < 0.001. Again, the pattern was weaker in northwestern
Wisconsin (summer only). The two Burnett County Forest sites and two Fish
Lake Wildlife Area sites correlated significantly (r = +0.929, N = 7, P < 0.01) but
the 11 Crex Meadows sites did not correlate (P > 0.10) with either Burnett
County Forest or Fish Lake Wildlife Area sites. For Fort McCoy, the two-site
and eight-site indices positively and significantly correlated (P < 0.001 for spring
and summer; P < 0.01 for summer only).
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(2) Comparisons of constant- and non-constant-site indices: For the
non-constant-site monitoring in central Wisconsin, we calculated indices for 30
broods (mean 15.5 survey units per brood index, range 2-60); in northwestern
Wisconsin (summer only), for 14 broods (mean 7.7 units/brood index, range 214). In central Wisconsin, non-constant-site brood indices correlated positively
with constant-site indices (Fig. 3). These were significant at P < 0.01 when using
spring and summer, both for N = 3 monitoring sites (summer 1990 on) and N =
5 monitoring sites (spring 1991 on); for summer only, P < 0.05 for the five-site
correlation, and near-significant at P < 0.10 for the three-site correlation. In
northwestern Wisconsin (summer only), the non-constant-site indices correlated
positively with the 11-site indices at P < 0.001 (Fig. 4).

Figure 3. Mean Karner blues/km per brood for central Wisconsin, for constant-site
and non-constant-site monitoring.

Figure 4. Mean Karner blues/km per brood for northwestern Wisconsin, for
constant-site and non-constant-site monitoring.
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(3) Comparison to other monitoring programs: In Spearman rank correlations of the HCP all-site index to all our constant-site and non-constant-site
brood indices and to Fort McCoy indices, none (0/16) were significant. The HCP
shifting mosaic (SM) index did not correlate significantly to our regional SM
index, nor did the HCP permanency of habitat (PH) index with our regional PH
index. Likewise, the Welch indices did not correlate significantly with our indices
for Wood County (N = 2 sites), Jackson County (N = 3), or central Wisconsin (N =
5). Fort McCoy indices (N = 2 or 10 sites; spring and summer or summer only) also
never correlated significantly with any non-constant-site indices (HCP or ours).
However, Fort McCoy indices did have many significant correlations (all positive)
with our constant-site indices (Table 2, Figs. 5-6). The ten-site Fort McCoy index
produced similar or more significant P values than the two-site index. Fort
McCoy indices did not correlate significantly with our northwestern Wisconsin
index, but did with many indices from central Wisconsin, at both the county and
subregion level, and with many of our whole-region indices.
(4) Comparison of additional survey(s) within brood: The lack of a
third count did reduce the power of the correlation coefficient of the peak and
second highest count in our dataset but both correlations were positive and
significant (r = +0.847, N = 139 with third count; r = +0.672, N = 122 without; P
< 0.01 for both). In the Fort McCoy surveys, the reduction in correlation when a
third count was absent was so great as to become non-significant (r = +0.943, N
= 119, P < 0.01 with third count; r = +0.271, N = 20, P > 0.10).
(5) Correlation among counties: Burnett County (northwestern Wisconsin) brood indices never correlated significantly with indices from central
Wisconsin Counties: Jackson, Wood (Table 3) or Monroe (Fort McCoy, Table 2).
Jackson and Wood County indices always correlated positively with each other,
often significantly. The Monroe County indices correlated positively and often
significantly with our Jackson and Wood County indices [see (3) above].
(6) Comparison of abundance by season: In central Wisconsin, where
we have more years of spring data, the spring survey total averaged about twothirds the summer total (Table 4). In comparisons controlling for which years
are in the analysis (Table 4), more variation in this spring to summer proportion
was apparent, with the spring total ranging from about half to equal the summer total. Some geographic variability was also apparent; sometimes but not
always, nearer counties had nearer values. The sites and percents for Monroe
County are nearer to Jackson than Wood County, Portage to Wood than Jackson
County, and Burnett to Jackson than Wood County. Against this pattern, Jackson is geographically nearer to Wood than Burnett, and Wood is nearer to Jackson than Monroe or Burnett, but the percents did not ordinate accordingly. In
Table 4, all our sites in all years possible, the mean spring index was significantly lower than the summer index (Mann-Whitney U test one-tailed P = 0.0000,
N = 192 for each brood), with the mean spring index 70% of the summer (28.8 vs.
40.8 individuals/km). Eight (57%) of our 14 central Wisconsin sites had their
highest population index ever in spring (2 in 1992, 5 in 1998, 1 in 2002); 6 (40%)
of our 15 northwestern Wisconsin sites had their highest index ever in spring (5
in 1998, 1 in 1994), using data only from years when the sites were surveyed in
both seasons. Four (40%) of the ten Fort McCoy sites had their highest index
ever during 1999-2004 in spring (all in 2003). One Welch site had its highest
index in spring (1991), the other in summer (1991).
(7) Variability among broods, a) short-term: For individual sites surveyed more than three years, spring broods had an average >4.5 factor difference
(larger or smaller) from the previous summer, and summer broods >3.65 factor
difference from the previous spring (not a significant difference vs. summer, P >
0.3 in all tests). For the same brood one year apart, spring averaged a >5.25 factor
change and summer a >3.23 factor change. Spring broods varied significantly
more than summer (P < 0.05) for central Wisconsin sites (8 sites 1992-2004 and
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Figure 5. Mean Karner blues/km per spring and summer brood in the Swengel
dataset (Wood and Jackson Counties) and the Fort McCoy dataset (Monroe
County).

Figure 6. Mean Karner blues/km per summer brood in our dataset (Wood, Jackson,
and Burnett Counties), the Fort McCoy dataset (Monroe County), and HCP dataset
(statewide within range).

2

1

NS = P > 0.05 (all NS were P > 0.10)
11 sites, 1991 on; four sites lack a survey in summer 1996
3
3 sites, spring 1991 on
4
6 sites, spring 1992 on
5
4 sites, spring 1994 on
6
10 sites, spring 1996 on

<0.01
<0.01

10
10
9

+0.629
+0.777

Wood County5 vs.:
Burnett County2
Jackson County4
Jackson County6

20
17

14
13
+0.139
+0.406
+0.683

-0.402
-0.242
NS
NS
<0.05

NS
NS

Summer only
N
r
P

Burnett County2 vs.:
Jackson County3
Jackson County4

Spring & summer
N
r
P

10
8

N

+0.685
+0.857

<0.05
<0.01

Spring only
r
P1

Table 3. Spearman rank correlation coefficients (r) of Karner blue indices per brood between sites grouped by county, for the broods
and years data are available for both groups.
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42.7
39.9
53.8
5.5

±
±
±
±

±
±
±
±

±
±
±
±

55.1
57.1
48.9
7.5

121.7
148.7
77.3
123.6

14.2
12.5
14.5
40.3

129.1
143.3
90.9
137.2

170.3
224.1
97.6
55.4

112.6
138.6
66.9
162.3

182.6
227.1
105.9

Spring
CV

Percent = spring mean/summer mean.
Source for dataset provided in “Methods: Other monitoring datasets”.

10
8
2
5

71.5
66.3
79.2
223.2

12.6
9.0
21.7
24.8

26.3 ± 48.1
22.5 ± 51.1
36.1 ± 38.2

Spring
mean ± SD

42.2
35.3
69.7
5.6

103.6
117.0
83.5
196.3

24.8
20.9
34.8
49.2

±
±
±
±

±
±
±
±

±
±
±
±

59.1
48.4
91.3
5.5

70.9
74.7
66.0
135.1

34.6
33.2
36.6
77.2

38.5 ± 48.6
35.4 ± 48.0
46.4 ± 49.6

Summer
mean±SD

140.0
137.0
131.0
98.5

68.5
63.8
79.0
68.8

139.1
159.0
105.4
156.9

126.3
135.8
107.0

Summer
CV

30
24
6
15

15
9
6
6

84
60
24
60

170
122
48

101.2
113.0
77.2
98.2

69.0
56.7
94.9
113.7

50.8
43.1
62.4
50.4

68.3
63.6
77.8

N
Percent1
variates
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1

1994, 1998, 2004
Central Wisconsin
Jackson Co.
Wood Co.
Burnett County

5
3
2
2

14
10
4
10

1999-2004
Central Wisconsin
Jackson Co.
Wood Co.
Fort (Monroe Co.)2

1991-1993
Central Wisconsin
Jackson Co.
Wood Co.
Welch (Portage Co.)2

14
10
4

All sites and years possible
Central Wisconsin
Jackson Co.
Wood Co.

N
sites

Table 4. Mean of total Karner blue individuals on peak survey per site per brood on spring and summer broods in central Wisconsin
(Jackson and Wood Counties), using data for each site for each year with both spring and summer values, for all sites during 1991-2004
and holding years of surveying constant within each group of comparisons.
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14 sites 1996-2004), but not Fort McCoy (10 sites 1998-2004). The factor
change between consecutive broods and same brood season in consecutive years
(Table 5) tended to decrease as more sites were lumped, ranging from indices for
individual sites to a single index combining all sites per brood. Indices pooling
10-14 sites varied 30% less between consecutive broods and 30-45% less for the
same brood in consecutive years, than single-site indices. The statewide HCP
summer brood index, with site selection changing each year, showed similar
consecutive-year variation to our central Wisconsin and “statewide” indices
using about half as many constantly monitored sites (Table 5).
7) Variability among broods, b) long-term: The mean CV for all population indices at all sites was 107.7 for spring (N = 24 sites), 94.7 for summer (N
= 39), and 114.5 for both broods (N = 24). CVs of mean spring indices were
significantly higher (P < 0.05) in denser Fort McCoy sites but not in other
samples. CVs of mean summer indices were negatively related to population
size in all tests (small sites varied more), significantly so (P < 0.05) only when
central and northwestern Wisconsin sites were combined (N = 29 sites). In
comparisons of CVs for shorter vs. longer periods in the 11 combinations of sites
and broods, mean CVs for the entire period were typically 1.3 times larger than
for the first half of the period (significantly so at P < 0.05 in 5/11 tests), and 1.11.15 times larger than for the second half (significantly so in 4/11 tests). This
effect was more pronounced in the longer overall period analyzed (1992-2004):
two-thirds of tests had significantly larger CVs for the entire period than for the
first or second half of the period. Only 1/22 tests (the proportion expected due to
chance) had greater variability in the first or second half than in the whole
period. CVs for the second half were significantly greater than the first half 1/11
times, and never vice versa.
(8) Comparison in trend: For trend results with P < 0.10, the sign of the
coefficient was always the same for a given group of sites, no matter the type of
statistical test done (Spearman or Pearson correlation), the type of index used
(running average or individual brood), or the set of seasons used (spring and/or
summer) (Table 6). Constant- and non-constant-site brood indices for the same
subregion in the same set of seasons (spring and/or summer) always had the
same sign of coefficient and about the same proportion of significant trends
(Table 6). Correlations using only summer indices or using both spring and
summer indices produced about the same results with about the same level of
significance. Correlations using only spring indices produced fewer significant
results. Our smaller set of central Wisconsin sites for the longer period (eight
sites for 24-26 broods) produced more significant results than comparable tests
on the larger set of sites (14 sites for 15-18 broods).
Some near-significant positive trends occurred at Fort McCoy, central
Wisconsin reserve (R), and northwestern Wisconsin (primarily R) sites. The
dates selected for surveys in northwestern Wisconsin in summer 1995 and 1996
were rather early in the flight period (Fig. 2; Swengel and Swengel 1999). Recalculating these correlations to exclude 1995 and 1996 (for running averages,
excluding 1995 and 1996 from calculation of running averages) does not change
the significance or sign of coefficients in Table 6. R sites had non-significant or
positive significant and near-significant results, except for one significant negative trend for the spring-only central Wisconsin eight-site index (Table 6, Fig. 7).
In central Wisconsin, permanency of habitat (PH) and shifting mosaic (SM)
sites had many negative (near-)significant trends, both for fewer sites over more
years and more sites for fewer years (Table 6, Fig. 7). In northwestern Wisconsin, our very small sample of PH and SM sites (Table 1) was unanalyzable for
trend. During our study, no canopy-clearing events occurred in our SM sites.
Apart from routine mowing and brush-cutting in our PH sites, discrete events
that exposed large areas of soil occurred in these central Wisconsin PH sites:
Stanton Roadside (especially in 2000), Highway X north-south (2001-2004),
Highway X east-west (2001), and Highway X south (1996, 2004).

2.47
1.98
3.83
2.73

2.73
2.03
3.87
2.87

3.40
3.58
5.50
3.08

>2.34
>2.32
2.38
1.77

>3.24
>2.86
4.18
>>3.47
2.89

1.77
2.38
2.80
2.37
1.77

2.98
2.09
3.92
3.01

>3.64
3.52
4.01
3.15

>5.78

>4.88
>6.68
>3.41

County
Jackson 10 sites (1 group)
Wood 4 sites (1 group)
Fort 2 sites (1 group)2
Fort 10 sites (1 group)2
Burnett 15 sites (1 group)

>2.83
>3.09
2.19
2.58

>4.98

>3.06
>3.78
>2.56

3.69
2.26

>2.85
>3.06
2.22
2.37

>4.24

>5.72
>2.81
>3.12
2.16
2.80

>3.22
>3.52
>2.46

>3.65
>4.04
>2.65

2.48
2.98
4.15
2.72

>2.99
>2.89
3.19
2.46

>4.34

>4.06
>4.77
>3.80

Factor change in same brood1
spring
summer
all
to spring to summer
broods

Multiple nearby sites
2-4 sites (8 groups)
Jackson (6 groups)
Wood (2 groups)
6-10 sites (2 groups)
(Jackson County only)
Crex 2-4 (6 groups)
Crex 5-7 (2 groups)

Single sites
Central (14 sites)
Jackson (10 sites)
Wood (4 sites)
Burnett (13 sites)
Fort (10 sites)2

Factor change in consecutive broods1
summer
spring
all
to spring
to summer
broods

Table 5. Mean factor change in brood indices for consecutive broods and for the same brood in consecutive years, by geographic scope
(from individual sites to increasing lumping of sites).
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2

1

2.54

2.19

2.36

Factor change in consecutive broods1
summer
spring
all
to spring
to summer
broods

“>” indicates infinite ratio(s) were excluded from that calculation (see Methods).
Source for dataset provided in “Methods: Other monitoring datasets”.

Region
14 sites (1 group)
State
Swengel
1997-2004; 27-29 sites
Swengel
1998-2004; 29 sites
Swengel & Fort (Monroe)2
1997-2004; 37-39 sites
Swengel & Fort (Monroe)2
1998-2004; 39 sites
HCP (68.5 sites/yr)2

Table 5. Continued.

3.23

1.91

1.97

1.98

1.80

1.73

1.78

2.51

Factor change in same brood1
spring
summer
all
to spring to summer
broods
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Combined

SM2 (5 sites)
Non-constant site
Northwestern
Central

PH2 (5 sites)

SM2 (3 sites)
Northwestern Wisconsin
R2 (11 sites)
Modified fire3
Non-fire3
Central Wisconsin
All (14 sites)
R2 (4 sites)

Central Wisconsin
All (8 sites)
R2 (2 sites)
PH2 (3 sites)

-0.669

28

-0.744

-0.589
+0.055
-0.336
-0.236
-0.807
-0.636

15
18
15
18
15
15

28

-0.608
-0.185
-0.714
-0.677
-0.790

24
24
26
24
24

<0.001

<0.01

<0.05
NS
NS
NS
<0.01
<0.05

<0.01
NS
<0.001
<0.01
<0.001

Spring & summer
N
r
P1

aaa

aaa

bbc
———baa
aaa

baa
—aaa
aaa
aab

-0.381
+0.667
+0.667
-0.905
-0.905
-0.810
+0.434
-0.802
-0.762
-0.753
-0.699

12
13
12
13
12

+0.559
+0.762
+0.701

12
12
12
8
8
8
8
8
8

-0.827
+0.464
-0.965
-0.964
-0.918

11
11
12
11
11

NS
<0.01
<0.01
<0.01
<0.05

NS
<0.10
<0.10
<0.01
<0.01
<0.05

<0.06
<0.01
<0.01

<0.01
NS
<0.001
<0.001
<0.01

Summer only
N
r
P1

—bab
bad
bab
bad

———-ad
-ad
cac

-B-A-AD

bab
—aaa
aaa
aaa

13

13

6
8
6
8
6
6

11
11
12
11
11

N

-0.841

-0.423

-0.486
-0.310
-0.486
-0.381
-0.771
-0.486

-0.582
-0.664
-0.699
-0.718
-0.564

<0.01

NS

NS
NS
NS
NS
<0.10
NS

<0.06
<0.05
<0.05
<0.05
<0.10

Spring only
r
P1

aaa

bbb

—d
———-bd
-dd

-bd
-dbbb
cbb
-b-

Table 6. Karner blue population trend: Spearman rank correlation coefficients (r) of sequentially numbered broods (1 = spring 1990,
2 = summer 1990, etc.) with Karner blue indices calculated as three-brood running averages, for all broods available and for the same
number of broods for each sample in the group (N = number of broods). Letters following P value represent results of three additional
correlations: Spearman rank correlation not as a running average, and for Pearson’s product moment correlation of natural-log
transformed indices as running average, and not as running average, respectively.
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NS
NS

+0.136
+0.100

——-

-C-C7
6
7
6

7
6

5
5
8
5
8
5

+0.143
-0.143
+0.179
-0.086

+0.571
-0.028

-0.100
+0.600
-0.690
-0.600
-0.810
-0.500

NS
NS
NS
NS

NS
NS

NS
NS
<0.10
NS
<0.05
NS

Summer only
N
r
P1

—d-d
——d

——-

——-c—-ad
—d

4
4

4
4

N

+0.800
+0.800

+0.800
+0.800

NS
NS

NS
NS

Spring only
r
P1

——-

—-D-

1
NS = P > 0.10; A or a = P < 0.01, B or b = P < 0.05, C or c = P < 0.06, D or d = P < 0.10, - = P > 0.10; upper case is positive, lower case is
negative.
2
R = reserve; SM = shifting mosaic, PH = permanency of habitat.
3
Modified fire management (10 sites); permanent non-fire refugium at Reed Corner (1 site).
4
Source for dataset provided in “Methods: Other monitoring datasets”.
5
Jackson and Wood Counties included in all indices; Monroe (M) County represented by either 2 sites (summer 1996 on) or 10 sites
(summer 1997 on); when Burnett (B) County (summer only) is included, this is so noted.

NS
NS

+0.399
+0.429

Spring & summer
N
r
P1

Fort McCoy (Monroe Co.)4
2 sites
12
10 sites
12
All counties weighted equally in index5
M-24
11
M-104
11
with B, M-24
with B, M-104

SM2 (6 sites)

Central & Northwestern
All (29 sites)
R2 (17 sites)
PH2 (6 sites)

Table 6. Continued.
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Figure 7. Mean Karner blues/km per summer brood, as three-year running
averages, by management category in central Wisconsin.

In 1994, a permanent non-fire refugium was designated in Crex Meadows
at Reed Corner, last burned in 1988. Elsewhere at Crex Meadows, individual
burn areas have appeared to become smaller in many years (pers. obs.), and
managers have mapped lupine and Karner blue occupancy to ensure that unburned, occupied lupine occurs near burned lupine (pers. comm. Paul Kooiker).
Both the corner and non-corner constant-site indices show positive significant
trends (Table 6). Early in our study, the corner index was lower than the mean
index from non-corner constant sites, but this has consistently reversed for all
years since (Fig. 8). Average time since last fire in our sample of non-corner
constant sites, as a three-year running average, has mildly but non-significantly
increased during our study (Spearman rank correlation r = +0.238, N = 12), but
this is not apparent in non-running averages (r = +0.097, N = 14). Adding Reed
Corner in this correlation, it is still not significant for mean year since last fire
(r = +0.418, N = 14, P > 0.10), but as three-year running averages, it is (r =
+0.734, N = 12, P < 0.01).
DISCUSSION
(1) Correlations within subregion among samples of sites: All correlations among brood indices from different pools of sites in the same subregion were
positive, and significance occurred in 22/24 tests. The stricter test to correlate
indices from different cohorts of monitoring sites (i.e., no overlap in sites among
indices) was weaker, but positive significant correlations still occurred at a rate
(69%) much higher than the expected (random) 5%. Thus, results would appear
adequately similar in these datasets, whether the indices are from fewer sites
with more years of data or from more sites with fewer years of data.
(2) Comparisons of constant- and non-constant-site indices: The
non-constant-site brood indices performed remarkably similarly to constantsite indices (Figs. 3-4). The less restrictive characteristics of our non-constantsite indices (wider span of survey timing within brood; changing sample of sites)
should serve to confound correlation, but in all instances the correlation was
positive and in most instances significant.
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Figure 8. Mean Karner blues/km per summer brood, as three-year running
averages, at Reed Corner (permanent non-fire refugium) and ten sites (non-corner)
in modified fire management at Crex Meadows.

(3) Comparison to other monitoring programs: The HCP index, which
had no significant correlations with any index tested here, had several risk
factors disfavoring correlation (small sample of broods, changing sample of
sites). Likewise, our non-constant-site indices, despite the large number of
broods, never had significant correlations with constant-site indices from other
monitoring programs [but did with our constant-site indices, see (2) above]. The
Welch dataset, which also had no significant correlations, had two risk factors
as well (few sites, few broods). However, some correspondence is apparent
between the Welch indices and our central Wisconsin constant-site indices
(Swengel and Swengel 1996: Fig. 2), and between the HCP index and other
indices (Fig. 6), especially in the direction of change between consecutive broods.
Fort McCoy constant-site indices had relatively many significant correlations with our constant-site indices (Table 2), biased toward our indices from
nearer sites (i.e., partially or entirely from central Wisconsin). Since the tensite Fort McCoy index produced more significant correlations than the two-site
index, the addition of eight sites appeared more valuable statistically than the
increase of two broods (one spring, one summer). Correlations using both spring
and summer broods produced more significant correlations than the same correlations using only spring or summer broods. Thus, monitoring in both spring
and summer appears to produce more statistical power sooner (in terms of
years of surveying) than monitoring one brood per year, although it is unclear
whether spring results add more amplitude to the variation, or simply add
sample size.
Constant-site indices (ours and Fort McCoy’s) had a much stronger statistical relationship with each other [Table 2; also (5) below] than with non-constant-site indices (ours and HCP’s) or between non-constant-site indices. This
indicates that constant-site monitoring is more powerful statistically than nonconstant-site monitoring. Non-constant-site programs may arise from two sources:
a less rigorous, likely volunteer program such as the NABA-Xerces Butterfly
Count (Swengel 1990) or from an attempt, as in the HCP, to address site turnover
due to forest succession. In the latter case, it appears more useful, instead, to
keep sites constant by selecting them from all successional stages. Once a site
loses its Karner blues due to succession, they can be assumed, for the sake of
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efficiency, to remain absent without further surveying until a canopy-reducing
event (wildfire, tree-cutting) would require surveys to resume. Alternatively, one
cohort of sites could be surveyed for a period of time (e.g., a decade), then a new
cohort started, ideally with overlap in surveying the old and new cohorts, to calibrate the relationship of the data from each cohort. This keeps sites constant for
an extensive period, but allows the opportunity to change sites. Monitoring programs become disproportionately more valuable the longer they exist, and are
more powerful when the sample of sites is large, constant, and representative of a
broad spectrum of canopy cover and land uses (Conrad et al. 2004).
(4) Comparison of additional survey(s) within brood: When a third
count was available for a particular site in a brood, the correlation of the peak and
second highest counts was stronger and always significant. This suggests that
repeated surveying produces two counts that approximate each other more, presumably because they are both closer to peak. The absence of a third count
appeared more disadvantageous in the Fort McCoy dataset than ours. Most sites
at Fort McCoy had three or more surveys in most broods, so that the sample of
sites without a third count was small. The goals of our survey timing may be
different as well. In ours, we aim for a single peak count, and so are willing to
space our (fewer) surveys at less than one-week intervals. The Fort McCoy dataset
appears to aim for counts spaced not much less than a week apart, to cover the
entire flight period more systematically. In that case, it is more important to do
more surveys per site per brood, as has been done at Fort McCoy.
(5) Correlation among counties: The results from correlations of brood
indices by county within our dataset and between ours and Fort McCoy’s (Monroe County) indicate that synchronization of abundance fluctuations and trends
occur at a scale larger than these counties (Tables 2, 3), since the indices from
the three central Wisconsin counties (Jackson, Monroe, Wood) correlated positively and often significantly. This synchronization weakens between subregions, as the central Wisconsin county indices from the different subregions
never correlated significantly with indices from Burnett County (northwestern
Wisconsin), ca. 220-265 km away.
Our correlations are a stringent test, as they are ranking the relative
abundance of the brood indices, not just whether they are rising and falling
similarly. Lack of significant correlation in our tests does not mean there isn’t
still meaningful correspondence as to when brood indices rise or fall markedly.
Swengel and Swengel (2005) also analyzed for synchrony of fluctuations but in
that analysis, the population indices were detrended to remove the effects of any
upward or downward trend (significant or not) before analysis. In that paper,
positive correlation occurred across our entire study region. As here, the correlation was greater for closer sites than more distant ones. In this paper, the use of
“trended” data had the effect of increasing the positive correlation of near sites
and decreasing the correlation of further sites (which tended to have opposite
trends).
Synchrony, or spatial autocorrelation, of butterfly populations within a
region is a widespread phenomenon (Pollard 1991). As with Karner blues in
Wisconsin, many other butterfly population changes correlate better among
nearer sites than more distant ones (Ehrlich et al. 1980, Sutcliffe et al. 1996).
Schultz and Hammond (2003), however, did not find spatial autocorrelation in
long-term monitoring of an endangered blue in four counties in the Willamette
Valley, Oregon, USA.
(6) Comparison of abundance by season: The relationship of the population indices from spring to summer varied greatly among years, with the
spring index about 50-100% as large as the summer index, but the long-term
average about two-thirds the summer brood in our dataset (i.e., summer averages a 50% increase from spring) (Table 4). In the Fort McCoy dataset, the
spring index averages about 50% the summer index (i.e., summer averages a
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100% increase from spring) (Table 4). While over the long-term, spring indices
are significantly smaller than summer indices, the spring brood index is sometimes higher than the following summer’s (Fig. 5: spring 1995, 1998, 2003).
Furthermore, variability due to season (spring vs. summer) is relatively small
compared to variability due to fluctuation. Long-term average fluctuations
from spring to spring broods and summer to summer broods range from 241% to
568% (after converting factor-fold figures in Table 5 to percent changes).
(7) Variability among broods, a) short-term: Population size varied
more in spring than summer and the larger the geographic scale of an index, the
lower the variability. Thus, this variability should confound analyses more at
smaller than larger geographic scales. Summer brood variation in the statewide HCP indices was consistent with our findings. Two studies of about three
years found Karner blue fluctuations similar to ours. Lane and Andow (2003)
found 2-10 factor differences in single-site adult population indices between
most consecutive broods in east-central Wisconsin, while Kwilosz and Knutson
(1999) had on average 2-2.5 fold changes between consecutive broods and the
same brood in consecutive years. In Britain, indices for multiple-brooded butterflies usually vary more than for single-brooded ones, with the Karner blue’s
variability at the upper range found in Pollard and Yates (1993). In ten years of
transect counts of a single-brooded blue, annual indices varied by an average
2.35 factor in consecutive years at individual sites and by 1.48 for the five sites
combined (Mattoni et al. 2001): 20-30% less variability than we found for the
spring brood and 50-60% less than/ the summer brood, but following our pattern
of reduction with increasing geographic scale.
7) Variability among broods, b) long-term: CVs of mean Karner blue
indices estimate long-term population variation. These CVs varied more in
spring than summer, but both broods had large CVs—about 100% of the mean.
Since both fluctuations and trends in abundance would affect the CV, it would
be expected to increase with greater time. Consistent with that, the longer the
period sampled (1992-2004 vs. 1998-2004), the larger the gap in CVs between
the entire period and its halves. Karner blues exhibited slightly more longterm variation than a single-brooded blue in a 10-year study (Schultz and
Hammond 2003). The inability of short monitoring periods to predict longterm population dynamics of blues can be extreme (Thomas et al. 2002). Thus,
longer monitoring programs (>10 years) are necessary to characterize fully
their population dynamics. As found here, CVs in British butterfly annual
indices decline greatly going from the scale of unit to combined averages of a
site (25-60% decrease), region (100 km radius; 30-70%), and nationwide (5075%) (Sutcliffe et al. 1996).
(8) Comparison in trend: When correlations using indices from spring
only and from larger sets of sites with fewer years produced fewer significant
results (Table 6), it is not possible to distinguish whether spring broods and the
larger sets of sites have no trend, or these correlations are too weak statistically. It is also difficult to assess whether significant trends indicate fairly longterm fluctuations in response to long-term climatic oscillations.
To try to distinguish climatic influences affecting all sites in an area from
other factors affecting only certain sites, we subdivided sites by management
class used in the HCP (Table 6). Our sample of sites and years for all three
categories was analyzable only in central Wisconsin. Our reserve (R) sites had
the most favorable results: almost always positive, sometimes (near-) significant. This is heartening, since R sites are where most changes have been made
to habitat management to favor Karner blues. Significant declines in our shifting mosaic (SM) sites are unsurprising, since these timber management sites
had no tree-cutting during our study. Thus, canopy would be expected to be
increasing in these sites, and Karner blue abundance is negatively related to
forest canopy (Swengel and Swengel 1996, Grundel et al. 1998).
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Significant declines in permanency of habitat (PH) sites (rights-of-way)
are more concerning, as these sites are intended to maintain Karner blues consistently. Routine managements there (mowing/brush-cutting once per year or
less) have been found favorable for Karner blues (Schweitzer 1994, Smallidge et
al. 1996, Swengel and Swengel 1996, U.S. Fish and Wildlife Service 2003).
Most of these sites, however, experienced soil-exposing events, outside the management guidelines of the HCP (Wisconsin Department of Natural Resources
2000), that destroyed vegetation. Thus, these other events are implicated in the
declines. It is laudable for the HCP to try to regulate right-of-way management,
where Karner blues and other butterflies, such as the state-listed Frosted Elfin
(Callophrys irus (Godart), Lepidoptera: Lycaenidae), occur (Bureau of Endangered Resources 1999, Swengel 1996). Rights-of-way are managed by a diversity of agencies for purposes other than nature conservation. Attitudes of the
public, including landowners bordering rights-of-way, regarding acceptable land
uses in rights-of way (e.g., bare-soil tracks by all-terrain vehicle use), can also be
important influences on right-of-way management, which appear difficult to
change. Thus, it is much more important that positive results are occurring in R
sites than that negative results are occurring in PH sites; the reverse would be
much more alarming.
At Crex Meadows, the index from the permanent non-fire refugium (Reed
Corner) appeared to outperform the non-corner sites, which continued in fire
management with modifications (Fig. 8). Both the corner and non-corner sites
have similar positive trends (Table 6), and favorable alterations to management have occurred not just at the corner but also at the other sites, where burn
size has been reduced and recolonization facilitated by increased proximity of
unburned occupied lupine to burned lupines. Since we lack adequate data to
test for trends in PH and SM sites in that subregion, it is not possible to determine how much the positive trend in R sites at Crex Meadows is due to climate
or to management modification.
Nonetheless, positive trends at Crex Meadows are consistent with previous studies that Karner blues are relatively more tolerant of fire management
than other specialist butterflies, but can still be negatively affected by it
(Schweitzer 1994; Swengel 1994, 1995; U.S. Fish and Wildlife Service 2003).
Other studies of specialist butterflies have advocated patchy fires that leave
unburned refugia both within the burn perimeter and nearby (Panzer 2002,
2003), with an emphasis on refugia in the densest part of the butterfly population (Schweitzer 1994, New et al. 2000). At Indiana Dunes National Lakeshore,
an unburned high-quality Karner blue refugium within a burn unit had 50% as
many Karner blues as adjacent sections of the unit before burning but 200% as
many after the burn (Kwilosz and Knutson 1999: 103), a four-fold better trend
for the refugium than burned areas. A fire refugium increases in value to specialized forest insects the longer it exists and its effects are not duplicated by
haphazardly placed clear-cut refugia (Gandhi et al. 2001, Gandhi et al. 2003).
CONCLUSION
A favorable trend due to climatic fluctuation could mask effects due to
unfavorable changes in site vegetation and/or management, while an unfavorable trend due to climatic fluctuation could mask favorable changes in site
vegetation and/or management. Thus, it is essential to distinguish the underlying factors associated with trends, to avoid taking inappropriate actions relative to site vegetation and/or management. It seems likely that local factors
(e.g., more favorable recent management at Crex Meadows and unfavorable
soil-exposing events in several central Wisconsin rights-of-way, discussed above)
are partly responsible for the different population trends in our central and
northwestern Wisconsin sites, since their climates are not very different.
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Our sample of sites, and counties, is relatively small compared to the
extent of Karner blue occurrence in Wisconsin (Wisconsin Department of Natural Resources 2000). None of the sites in our constant-site monitoring became
extirpated, although several shifting mosaic and permanency of habitat sites
had some indices of zero and became small by the end of the study. Because
nearly all of these sites are near other Karner occurrences, their chances of
extirpation are smaller than in isolated populations. Furthermore, relatively
little information is available about the status and trend of this butterfly in the
state from before our study, so that it is not possible to put our results into a
longer-term context. It is inappropriate to use our monitoring results to make
general conclusions about the status and trend of this butterfly in Wisconsin.
Although we obtained significance at a rate far higher than the random, 5% due
to Type I error, an individual result can nonetheless be a Type I error. Greater
confidence should be placed in patterns that recurred frequently with strong
significance (or consistent non-significance). Our data are most useful for demonstrating the large variability possible in monitoring datasets, and differential fluctuations and trends among regions and types of sites.
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SPATIAL SYNCHRONY IN WISCONSIN KARNER BLUE
(LEPIDOPTERA: LYCAENIDAE) POPULATIONS
Scott R. Swengel1 and Ann B. Swengel1

ABSTRACT
We analyzed geographic patterns of Karner blue (Lycaeides melissa samuelis
Nabokov, Lepidoptera: Lycaenidae) population fluctuations in summer broods in
central and northwestern Wisconsin and spring+summer broods in central Wisconsin. We removed possible effects of population trends by analyzing residuals
from a regression of each site’s population index vs. year. We then calculated
correlation coefficients (r) of these residuals for all site-pairs separately for 19922005 (26 sites, N = 325 site-pairs), 1995-2005 (21 sites, N = 210), and 1998-2005
(14 sites, N = 91). We analyzed patterns in these r values relative to distance
between sites using correlations vs. distance and using pairwise comparisons of
different distance categories (0-3 km up to 223-264 km apart). Karner blues
showed significant (P < 0.05) population synchrony over all distances. Spatial
autocorrelation was strongest among sites <3 km apart, then gradually leveled off
at greater distances. Statistical power increased when we added three years but
the number of sites did not decrease greatly (1995-2005 vs. 1998-2005 analyses)
and when using an annual index combining spring+summer indices instead of
just summer. The spatial autocorrelation extending over the entire study region
suggests that environmental factors like weather provide some synchronization
of Karner blue populations. Their much higher local synchrony is consistent with
the species’ short dispersal distance. Their local and regional spatial
autocorrelation increases the likelihood of correlated local extinctions during low
fluctuation broods, especially when these coincide with unfavorable weather or
adverse habitat events.
____________________
The Karner blue (Lycaeides melissa samuelis Nabokov, Lepidoptera:
Lycaenidae) is restricted to eastern North America. It has two complete life
cycles per year (spring and summer “broods” or generations), feeds only on wild
lupine (Lupinus perennis L., Fabaceae) as a larva, and overwinters as an egg.
This butterfly has a geographically 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. The Karner blue was
federally listed as endangered in the U.S. in December 1992. It is considered
extirpated in Canada. A federal recovery plan for the Karner blue was approved
in 2003, which designated five recovery units in Wisconsin (Iftner et al. 1992,
Bleser 1993, Dirig 1994, Packer 1994, Savignano 1994, U.S. Fish and Wildlife
Service 2003).
In this paper, we analyze population monitoring results for the Karner
blue in central and northwestern Wisconsin for spatial autocorrelation: the
degree of synchrony in population abundance observed across geographic space,
often including synchrony in population fluctuation over time (definition adapted
from Koenig and Knops 1998). The persistence of Karner blue populations is
likely to be linked to how much their population dynamics are correlated among
habitat patches (demes) as a result of genetic exchange between nearby demes
and spatially correlated environmental effects, such as weather (adapted from
Sutcliffe et al. 1997).
1

909 Birch Street, Baraboo, Wisconsin 53913.
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The more rapidly that spatial autocorrelation declines with distance, the
more sedentary the butterflies in a population usually are (Sutcliffe et al. 1996).
Karner blues fall at the low range of documented butterfly dispersal tendencies
(Schweitzer 1994, U.S. Fish and Wildlife Service 2003). For example, Knutson et
al. (1999) found a mean maximum distance between captures in Indiana of 73 m,
with <10% moving >200 m. In Wisconsin, Bidwell (1995) found that 91% of
recaptured males moved <400 m and 91% of females <200 m; only 3% dispersed
between lupine patches (maximum of 1600 m movement). In New York, Fried
(1987) found <2% of recaptured Karner blues in different lupine patches than
where they started (maximum of 460 m movement).
The results of our spatial autocorrelation analysis will be useful for Karner
blue conservation, by providing additional information for assessing the risk of
population extirpation. The greater the distance over which populations remain
significantly correlated in less vagile species, the more that environmental factors (e.g., weather) are implicated as important causes of population fluctuations (Dennis 1993, Pollard 1991). Furthermore, the greater the population
fluctuations over time and/or the more similar the environment these populations inhabit, the more likely a species will exhibit spatial autocorrelation
(Hanski and Woiwod 1993). Such correlation increases the likelihood that populations will have simultaneous low fluctuations that reduce viability of smaller
populations (Ehrlich et al. 1980, Sutcliffe et al. 1997). If environmental factors
are an important influence on Karner blue fluctuations, then their synchronizing effects on abundance would exacerbate synchronizing influences due to dispersal among nearby demes in the metapopulation, thus increasing the probability of correlated population extinctions.
METHODS
Study sites and surveys
In central Wisconsin, we started population monitoring (consecutive-brood
surveying of a site) for Karner blue adults in two contiguous counties (Jackson,
Wood) in summer 1990 (N = 3 sites) (Table 1; Swengel and Swengel 1996). We
added additional monitoring sites in the same counties in spring 1991 (N = 2
sites), spring 1992 (N = 3), spring 1993 (N = 1), spring 1994 (N = 1), spring 1995
(N = 3), and summer 1996 (N = 1). We tried to survey all monitoring sites
several times within a brood, to obtain one survey as near to “peak” numbers as
possible, but weather and scheduling problems prevented this at a few sites in
some broods. Our surveys at other sites aided in timing surveys at monitoring
sites (Swengel and Swengel 1999).
In northwestern Wisconsin (Burnett County), we consistently surveyed
Karner blues only in summer. We started with 11 sites in summer 1991 (Table
1), with one site added in 1994, one in 1995, and two in 1998. We only surveyed
on one date per summer brood here during the main Karner blue flight period.
Our surveys in central Wisconsin and elsewhere in northern Wisconsin also
aided in date selection.
All monitoring sites were occupied by Karner blues at the start of population monitoring. The three counties these sites fall in are each in a different
federal recovery unit (U.S. Fish and Wildlife Service 2003). All sites within a
county are nearer to each other (<25 km apart) than to any site in another county
(>30 and <52 km apart between counties in central Wisconsin; >222 km and
<265 km between central and northwestern Wisconsin).
We conducted transect surveys along like routes within each site each
visit (similar to Pollard 1977), as described in Swengel and Swengel (1996,
2005). All butterfly species found were counted, but survey times and locations
were selected to study barrens-specific butterflies, including the Karner blue. A
new survey unit was designated whenever the habitat along the route varied by
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Table 1. Monitoring sites in central (Jackson and Wood Counties) and northwestern
Wisconsin (Burnett County). In central Wisconsin, we surveyed consecutive spring
and summer broods since the first brood surveyed; in northwestern Wisconsin,
consecutive summer broods.
Subregion/County/Site
Central Wisconsin
Jackson County
Dike 17
North Brockway East
South Brockway West 1
South Brockway West 4
Stanton Roadside
West Castle Mound 2
West Castle Mound 4
West Castle Mound roadside
Wildcat-Spangler NE
Wildcat-Spangler SE
Wood County
Highway X east-west
Highway X north-south
Highway X south
Sandhill west field
Northwestern Wisconsin
Burnett County Forest
Peet Firebreak
Peet Roadside
Crex Meadow Wildlife Area
James Road
Klots Road
Main Road
North Reed Lake East
North Refuge Road
Overlook Northeast
Overlook Northwest
Overlook Southeast
Overlook Southwest
Phantom Prairie
Reed Corner
Fish Lake Wildlife Area
Stolte Road unit 1
Stolte Road unit 2
1

First brood

Km

Latitude

Longitude

1990
1996
1995
1991
1991
1992
1992
1994
1990
1993

summer
summer
spring
spring
spring
spring
spring
spring
summer
spring

1.45
0.56
0.28
0.40
1.69
0.40
0.93
0.40
0.84
0.40

44.31
44.32
44.281
44.283
44.23
44.273
44.273
44.275
44.2782
44.278

90.564
90.7
90.742
90.744
90.65
90.764
90.766
90.765
90.678
90.678

1991
1990
1995
1995

spring
summer
spring
spring

0.97
1.61
0.46
0.56

44.30
44.34
44.32
44.33

90.13
90.13
90.13
90.18

1994 spring
1995 summer

0.40
0.84

45.905
45.91

92.543
92.545

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991

0.56
0.64
0.36
0.48
0.80
0.32
0.32
0.28
0.44
0.48
0.56

45.875
45.88
45.87
45.92
45.90
45.88
45.88
45.878
45.878
45.83
45.905

92.55
92.55
92.55
92.58
92.60
92.632
92.634
92.632
92.634
92.67
92.55

0.28
0.40

45.738
45.735

92.74
92.74

summer
summer
summer1
summer
summer
summer1
summer1
summer1
summer
summer
summer

1998 spring
1998 spring

No sampling in summer 1996 due to inclement weather.
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management 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. Surveys
occurred in a wide range of weather and times of day. Our population index is
the peak survey total per site per brood, divided by route distance, to create a
rate of observation (or relative abundance) per km that is comparable among
sites. We recorded 13778 Karner blues in 430 km of peak surveys.
Relative abundance indices derived from transect counts (single or multiple counts per site per generation) covary strongly with estimates of absolute
numbers (line-transect or mark-release-recapture), both in studies of Karner
blues (Brown and Boyce 1998, King 2000) and other butterflies (Pollard 1977,
Thomas 1984, Mattoni et al. 2001). Relative abundance indices have the advantage of allowing more sites to be sampled in the same amount of time compared to methods for estimating absolute numbers (King 2000). Surveying
more sites, with less effort allocated per site, generates more statistical power
for trend detection than spending more effort in fewer sites (Cox 1990).
Statistical analyses
Because our sites varied as to when population monitoring started, we
decided to compare results from more sites but fewer years of data vs. fewer sites
with more years of data. Furthermore, because our sites also varied as to whether
we conducted spring and summer surveys, or only summer surveys, we also compared results for the same sites using only summer data vs. using spring and
summer data. For the latter, the population index was the sum of the spring and
summer indices for a year (e.g., peak Karner blues per km in spring 2005 + peak
Karner blues per km in summer 2005 = 2005 spring+summer index for a site). In
British butterfly monitoring, a population index combining the spring and summer abundance is also used for bivoltine species (Pollard and Yates 1993). For
summer-only analysis, we had 29 sites in central and northwestern Wisconsin
surveyed each year during 1998-2005; for 1995-2005, 23 sites; and for 1992-2005,
15 sites (also divided into 1992-98 and 1998-2005 spans to compare shorter vs.
longer time spans for the same sites). For spring+summer analysis, we had 14
sites surveyed in central Wisconsin in each brood during 1998-2005; for 19952005, 13 sites; and for 1992-2005, 8 sites (again, also divided into 1992-98 and
1998-2005 spans). Within type of analysis (summer only or spring+summer), all
1992-2005 sites were in the pool for 1995-2005, which in turn were all in the pool
for 1998-2005. All these pools surpass the standard of using at least seven years
of overlapping data (Hanski and Woiwod 1993). Since all sites in each analysis
had surveys for all broods in that analysis, we did not need to perform corrective
measures for missing survey values.
Spatial autocorrelation analysis is analogous to isolation-by-distance
(IBD) genetic analysis (Slatkin 1993, Peterson and Denno 1998, Bohonak 2002,
Walter and Epperson 2005) but spatial autocorrelation analysis can have two
preparatory steps before performing the correlations (Sutcliffe et al. 1996, Koenig
and Knops 1998, Koenig 2006). First, sites with only very low counts are eliminated. We dropped sites with zero as >25% of the population indices. For
summer-only analysis, that resulted in 26 sites for 1998-2005, 21 for 19952005, and 14 for 1992-2005. For spring+summer analysis, that left 13 sites for
1998-2005, 12 sites for 1995-2005, and all 8 sites for 1992-2005. Second, the
population indices are detrended. We did a base-10 logarithmic transformation
of these indices to make them suitable for parametric analysis. Then for each
set of years, we did a separate linear regression of these transformed indices vs.
year for each site. These indices were plotted by year and a straight line fitted
through them. The amount each index deviated above or below this trend line is
the residual (each year’s actual population index minus the “expected” index for
that site and year based on the site’s regression line fitted to those indices vs.
year). The residuals constitute population indices that have the variability
from any possible long-term population trend at the site removed from them.
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Spatial autocorrelation analysis can also be performed on “trended” data.
Buonaccorsi et al. (2001), Liebhold et al. (2004), and Royama (2005) reviewed
trended and detrended analytical techniques. They discuss the advantages and
disadvantages of each, but indicate all are acceptable approaches that address
somewhat different issues. We already analyzed spatial synchrony with trended
data in Swengel and Swengel (2005), although not in site-pair correlations. By
using the standard detrended method here, our analysis is more comparable to
Sutcliffe et al. (1996), the study most similar to ours in study species and scale,
and affords the opportunity to compare detrended results here to trended results in Swengel and Swengel (2005).
Then, for every combination of site-pairs in each sample (i.e., each combination of year-span × type of index × site selection), we used the Pearson product-moment correlation to correlate the residuals from each site in the pair. The
resulting correlation coefficients (r) become the dependent variable analyzed for
spatial autocorrelation. We calculated the distance separating the two sites in
each site-pair by measuring from a map for distances <52 km and using the
great circle calculator (Byers 1997) for distances >222 km.
We used two different tests to determine whether these coefficients exhibited significant positive spatial autocorrelation. First, we used a binomial
probability test to determine whether there was a non-random bias toward
higher numbers of positive than negative coefficients in the site-pair correlations. Random distribution would be 50% positive, 50% negative. We then used
the Chi-square goodness of fit test to determine whether there was a non-random bias toward significantly positive (P < 0.05) coefficients in the site-pair
correlations vs. non-significance and/or negative significance. Random distribution would be 5% significantly positive. Observed values were the number of
positive significant coefficients and number of remaining coefficients in the
sample; expected values were 5% and 95% of the total number of coefficients
(e.g., 325 summer-only site-pair coefficients for 1998-2005: 5% = 16.25 and 95%
= 308.75). The 5% random significance expected due to Type I statistical error
actually applies to both positive and negative coefficients (2.5% for each), but
since our interest was whether positive coefficients were significant, we used
this stricter test.
Next, we conducted two tests for variation in spatial autocorrelation vs.
distance. We tested for linear change with increasing distance by using the Pearson
product moment correlation to correlate the coefficients vs. distance between the
sites in the site-pairs, as in IBD analysis (Slatkin 1993). We also used the MannWhitney U test to analyze for differences in the coefficients by distance categories:
0.25-2.99 km vs. 3.0-264, as well as 0.25-2.99, 3.0-25, 30-51, and 223-264 (no
sites were 25-30 km or 51-223 km apart). For the spring+summer 1992-2005
sample, only 3 site-pairs were 0.25-2.99 km apart but no site-pairs were 3.0-3.99
km apart, and only one was 4.0-4.99 km apart. Since this did not increase sample
size much, we decided to keep this smallest distance category at 0.25-2.99 km.
Sutcliffe et al. (1996) found a distinct decline in butterfly spatial autocorrelation
beyond 2-4 km, so our shortest category fits in that range. In addition, 3 km is
about twice the Karner blue’s generally observed maximum dispersal distance
(Welch 1993, King 1998; see also Introduction).
We then compared our results to Sutcliffe et al.’s (1996) analysis of spatial autocorrelation within sites (0.1-5 km) and among sites (>5 up to 200 km)
for 17 British butterfly species at 22 sites. They plotted the site-pair coefficients (y axis) by distance (x axis) within sites to calculate the regression line,
the straight line fitted through the plotted values. This line is described by the
estimated constant term (where the line intercepts the y axis) and the slope of
the line toward the x axis (the regression coefficient). Since spatial
autocorrelation is expected to decrease with distance, this line is expected to
have a negative (declining) slope with increasing distance. They determined the
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distance value at which this regression line reached the value for the overall
mean of the site-pair correlation coefficients among sites for all species (plotted
on the y axis) i.e., the distance at which local spatial autocorrelation decreases
to the background level of spatial autocorrelation regionally. For sedentary
species, the mean y-intercept was highest and mean slope decreased the fastest, reaching the regional mean at about 1.75 km. Mobile species had the lowest
y-intercept and shallowest decrease in slope, reaching the regional mean at
about 4 km. The results for intermediate species fell between the two but
nearer to sedentary species.
We calculated the y-intercept and slope for our site-pair correlation coefficients for 0.25-2.99 km, 0.25-5.00 km, and 0.25-264 km for each sample (i.e.,
each combination of year-span × type of index × site selection). For comparisons
to Sutcliffe et al. (1996), we used summer-only indices, since they used that type
of index for bivoltine species; we averaged our values for the 1998-2005, 19952005, and 1992-2005 spans. We calculated y-intercepts and slopes for different
distance categories. For very short-distance plots (up to 2-3 km), the y-intercept
is expected to be relatively high and the slope relatively shallow in its decline,
indicating relatively high spatial autocorrelation for the entire distance span.
Increasing the distance a bit more (to 5 km), the y-intercept should still be
relatively high but the slope relatively sharp in descent, indicating that the plot
includes both the high spatial autocorrelation at very near distances but also
markedly lower spatial autocorrelation beyond that. When the plot includes a
large distance span, higher spatial autocorrelation at the nearest several km
but lower spatial autocorrelation for most of the distances plotted would result
in both a lower y-intercept and a shallower slope.
Burning was a frequent management practice, especially in Burnett
County. Burning reduces Karner blue numbers in the short-term (Bleser 1993,
Swengel 1995), and so could counteract synchrony in spatial autocorrelation.
With the Mann-Whitney U test, we tested for differences in coefficients by
whether any site in the site-pair had been burned during the year-span analyzed.
Analysis was done with ABstat 7.20 software (1994, Anderson-Bell Corp.,
Parker, Colorado), with statistical significance set at P < 0.05. Since significant
results occurred much more frequently than would be expected due to Type I
statistical errors, we did not lower the P value further, as many more Type II
errors would then be created than Type I errors eliminated. One-tailed tests are
often used in spatial autocorrelation analyses because all significant results
are expected to be in the direction of greater autocorrelation at shorter distances
(Koenig and Knops 1998). But we used two-tailed tests, which doubled the
statistical stringency.
RESULTS
The site-pair correlation coefficients had a strong non-random positive bias
(Table 2). All 15 sets of correlation coefficients, representing each combination of
year-span x type of index x site selection, had non-randomly high proportions of
positive values (P < 0.005). When broken into distance categories, six of the 50
subsets of coefficients had a sample size too small to support statistical testing.
Of the remaining 44 subsets, 40 (91%) were significantly biased toward positive
coefficients, four (9%) at P < 0.05 and 36 (82%) at P < 0.01.
The site-pair coefficients also had a strong bias to be positively significant
at P < 0.05 (Table 3). Of the 15 sets of coefficients, 13 (87%) were significantly
biased toward positive significance, one (7%) at P < 0.05 and 12 (80%) at P < 0.01.
When broken into distance categories, 29 (58%) of the 50 subsets of coefficients
were significantly biased toward positive significance, three (6%) at P < 0.05
and 26 (52%) at P < 0.01.
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Table 2. Binomial distribution test for whether site-pair correlation coefficients are
significantly skewed toward being positive rather than negative, for the entire
sample and by four categories of distance (km) between sites.
Summer-only
index

N1
1998-2005
325
0.25-2.99
31
3-25
89
30-51
36
223-264
169
1995-2005
210
0.25-2.99
21
3-25
49
30-51
36
223-264
104
1992-2005
91
0.25-2.99
6
3-25
25
30-51
12
223-264
48
1992-1998
91
0.25-2.99
6
3-25
25
30-51
12
223-264
48
1998-2005 same sites
1992-1998
91
0.25-2.99
6
3-25
25
30-51
12
223-264
48
1
2

%
positive
72.0
80.6
69.7
80.6
69.8
86.2
100.0
85.7
88.9
82.7
82.4
100.0
84.0
91.7
77.1
82.4
100.0
84.0
100.0
75.0
as
64.8
66.7
56.0
75.0
66.7

Spring+summer
index

P

N1

0.0000
0.0003
0.0000
0.0001
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0156
0.0004
0.0029
0.0000
0.0000
0.0156
0.0004
0.0002
0.0002

78
14
28
36
66
12
22
32
28
3
13
12
28
3
13
12
-

0.0015
0.2344
0.1328
0.0537
0.0080

28
3
13
12
-

%
positive

Number of site-pair correlation coefficients.
N too small to be able to achieve significance.

Summer-only
index
same sites as
spring+summer

P

N1

%
positive

P

92.3
100.0
96.4
86.1

0.0000
0.0000
0.0000
0.0000

82.1
85.7
82.1
80.6

0.0000
0.0056
0.0004
0.0001

100.0
100.0
100.0
100.0

0.0000
0.0002
0.0000
0.0000

92.4
95.5
95.5
87.5

0.0000
0.0000
0.0000
0.0000

100.0
100.0
100.0
100.0

0.0000
0.12502
0.0001
0.0002

92.9
100.0
92.3
91.7

0.0000
0.12502
0.0016
0.0029

100.0
100.0
100.0
100.0

0.0000
0.12502
0.0001
0.0002

78
14
28
36
66
12
22
32
28
3
13
12
28
3
13
12
-

96.4
100.0
92.3
100.0

0.0001
0.12502
0.0016
0.0002

92.9
100.0
100.0
83.3

0.0000
0.12502
0.0001
0.0161

75.0
66.7
76.9
75.0

0.0044
0.37502
0.0349
0.0537

28
3
13
12
-
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Table 3. Chi-square goodness of fit test for whether individual site-pair correlation
coefficients are significantly skewed toward being significantly positive (P < 0.05),
for the entire sample and by four categories of distance (km) between sites.
Summer-only
index

N1
1998-2005
0.25-2.99
3-25
30-51
223-264
1995-2005
0.25-2.99
3-25
30-51
223-264
1992-2005
0.25-2.99
3-25
30-51
223-264
1992-1998
0.25-2.99
3-25
30-51
223-264
1998-2005 same
1992-1998
0.25-2.99
3-25
30-51
223-264
1

%

325 16.3
31 29.0
89 18.0
36 12.5
169 14.2
210 22.9
21 61.9
49 22.4
36 25.0
104 14.4
91 14.3
6 50.0
25 16.0
12 16.7
48
8.3
91 11.0
6
0.0
25 20.0
12 16.7
48
6.3
sites as
91
9.9
6 16.7
25 12.0
12
0.0
48 10.4

P

Spring+summer
index

N1

%

0.0000
0.0000
0.0000
0.1936
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0000
0.0389
0.2332
0.4663
0.0173
0.7079
0.0029
0.2332
0.9472

78 34.6
14 35.7
28 46.4
36 25.0
66 59.1
12 75.0
22 59.1
32 53.1
28 64.3
3 100.0
13 53.8
12 75.0
28 60.7
3 33.3
13 53.8
12 75.0
-

0.0574
0.7079
0.2513
0.8946
0.1643

28
3
13
12
-

Number of site-pair correlation coefficients.

35.7
33.3
46.1
25.0

Summer-only
index
same sites as
spring+summer

P

N1

%

P

0.0000
0.0000
0.0000
0.0000

78
14
28
36
66
12
22
32
28
3
13
12
28
3
13
12
-

19.2
35.7
21.4
11.1

0.0000
0.0000
0.0004
0.1936

27.3
58.3
22.7
18.8

0.0000
0.0000
0.0009
0.0016

21.4
66.7
15.4
16.7

0.0004
0.0003
0.2796
0.2332

17.9
0.0
23.1
16.7

0.0072
0.3538
0.0186
0.2332

28
3
13
12
-

7.1
0.0
15.4
0

0.9309
0.3538
0.2794
0.8946

0.0000
0.0000
0.0000
0.0000
0.0000
0.1250
0.0000
0.0000
0.0000
0.3538
0.0000
0.0000
0.0000
0.3538
0.0000
0.0118
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In tests for variation in site-pair correlation coefficients by distance between sites, significant results occurred less frequently but still more often than
due to random Type I error (5%). In the linear test for variation in spatial
correlation by distance (Table 4), significant results (4 of 15 tests, 27% significant) were always negative as expected. In categorical testing of the shortest
distance group (0.25-2.99 km) vs. all remaining coefficients (3-264 km), the
shortest distance group averaged higher coefficients than the further distance
category in all samples large enough to support statistical testing. This difference was significant in 4 of 9 testable samples (Table 5). In tests of four distance categories, six (40%) of the 15 samples showed significant differences
(Table 6). Where the nearest category was statistically testable, it averaged the
highest coefficients and the furthest category the lowest. The two intermediate
distance categories were not entirely consistent with this pattern (i.e., the average coefficients don’t show a consistent decline from nearer to further). But all
significant differences were as expected: the nearer distance group was always
significantly higher than the further distance group.
We tested for other sources of variation in the coefficients. Within-county
site-pair correlation coefficients (i.e., Burnett-Burnett vs. Jackson-Jackson vs.
Wood-Wood) did not significantly differ by county (Mann-Whitney U test, twotailed P > 0.10 for all testable samples). The coefficients were significantly
higher, and P values of these coefficients lower, for spring+summer indices than
for summer-only indices in all comparisons, with site-pairs held constant in
each comparison (Table 7). The coefficients tended to be lower when any site in
the pair had been burned during the year-span than when neither site had been
burned (Table 8). For summer-only coefficients, 3 of 4 time spans showed a
significant difference. For the spring+summer indices, which did not include
northwestern Wisconsin, sample size was much lower and no significant differences were detected.
We also compared 1992-2005 results to those for the same site-pairs for
1992-98 and 1998-2005. In Table 5, 1992-2005 summer-only indices achieved
statistically significant differences while 1992-98 and 1998-2005 did not.
The other comparisons in this table were not statistically testable for all
these year-spans. In Table 6, the 1992-2005 and 1992-98 summer-only tests
(first column) had comparable statistical results but the 1998-2005 tests had
non-significant results. The sample was inadequate to test the nearest distance category for the spring+summer index, but the other distance categories
showed no significant results for any of these year-spans. For the correlations
of site-pair coefficients vs. distance (Table 4), the 1998-2005 year-span usually had weaker correlations than 1992-2005 but 1992-98 did not. In all these
tables, the 1995-2005 sample, which had an intermediate number of years
and number of sites, appeared to achieve the most statistical significance.
Table 9 presents the y-intercepts and slopes for the regression lines fitted
to the site-pair correlation coefficients for each combination of year-span × type
of index × site selection. In comparison to slopes for 0.25-264 km plots, slopes
for 0.25-5.0 km plots were significantly steeper (Wilcoxon signed rank test twotailed P = 0.0026) and for 0.25-2.99 km plots were nearly significantly so (P =
0.0535). The 0.25-2.99 km slopes did not differ significantly from the 0.25-5.0
km slopes. As expected, the y-intercepts tended to be lower and the slopes
shallower for the 0.25-264 km plots than for the shorter-distance plots. Furthermore, as expected, the slopes tended to be steeper for the 0.25-5.0 km plots
than for the 0.25-2.99 km plots.
For comparison to Sutcliffe et al. (1996: Fig. 5), we calculated the
unweighted grand mean y-intercept for the summer-only regressions of r values vs. distance for the 1998-2005, 1995-2005, and 1992-2005 samples. For
distances of 0-5 km (similar to Sutcliffe’s short-range analysis for slope-intercept) the mean y-intercept for r was +0.56 and mean slope was -0.0849/km. In
contrast, the same regression over 0-2.99 km has a y-intercept of 0.50 and a
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Table 4. Pearson’s product moment correlation of site-pair correlation coefficients
(r) vs. distance between sites.
N site-pairs
Central & Northwestern (summer only)
All sites
1998-2005
1995-2005
1992-2005
1992-1998
1998-2005 same sites as 1992-1998
Central Wisconsin (summer only)
1998-2005
1995-2005
1992-2005
1992-1998
1998-2005 same sites as 1992-1998
Central Wisconsin (spring & summer)
1998-2005
1995-2005
1992-2005
1992-1998
1998-2005 same sites as 1992-1998

r

P

325
210
91
91
91

-0.0505
-0.2195
-0.1895
-0.2765
+0.0601

0.3643
0.0014
0.0721
0.0080
0.5715

78
66
28
28
28

-0.0572
-0.1516
-0.0505
+0.0174
+0.0175

0.6192
0.2243
0.7985
0.9301
0.9295

78
66
28
28
28

-0.2545
-0.2899
-0.2191
+0.2978
-0.2608

0.0246
0.0182
0.2626
0.1238
0.1802

Table 5. Mann-Whitney U test for differences in site-pair correlation coefficients (r)
by two categories of distance between sites.
Summer-only
index
N

mean r

1998-2005
0.25-2.99 km 31 +0.3717
3-264 km
294 +0.2386
1995-2005
0.25-2.99 km 21 +0.5766
3-264 km
189 +0.3121
1992-2005
0.25-2.99 km
6 +0.4449
3-264 km
85 +0.2246
1992-1998
0.25-2.99
6 +0.4866
3-264 km
85 +0.3002
1998-2005 same sites as
1992-1998
0.25-2.99 km
6 +0.1818
3-264 km
85 +0.1390

P1

Spring+summer
index
N mean r

P1

Summer-only
index
same sites as
spring+summer
N mean r P 1

A
A

14 +0.5322
64 +0.4996

A
A

14
64

+0.4256
+0.3060

A
A

A
B

12 +0.7210
54 +0.5788

A
B

12
54

+0.5649
+0.3673

A
B

A
B

3 +0.6718
25 +0.5541

A2
A

3
25

+0.4848
+0.3142

A2
A

A
A

3 +0.7563
25 +0.7609

A2
A

3
25

+0.6383
+0.4929

A2
A

A
A

3 +0.3801
25 +0.7609

A2
A

3
25

+0.0953
+0.1816

A2
A

Within column and year-span, means not sharing the same letter(s) are significantly
different (two-tailed P < 0.05).
2
N too small to be able to achieve significance.
1
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Table 6. Mann-Whitney U test for differences in site-pair correlation coefficients (r)
by four categories of distance between sites.
Summer-only
index
N

mean r

1998-2005
0.25-2.99 km 31 +0.3717
3-25 km
89 +0.2335
30-51 km
36 +0.3040
223-264 km 169 +0.2274
1995-2005
0.25-2.99 km 21 +0.5766
3-25 km
49 +0.3320
30-51 km
36 +0.4052
223-264 km 104 +0.2705
1992-2005
0.25-2.99 km
6 +0.4449
3-25 km
25 +0.2366
30-51 km
12 +0.3292
223-264 km
48 +0.1921
1992-1998
0.25-2.99 km
6 +0.4867
3-25 km
25 +0.3613
30-51 km
12 +0.5207
223-264 km
48 +0.2132
1998-2005 same sites as
1992-1998
0.25-2.99 km
6 +0.1818
3-25 km
25 +0.0821
30-51 km
12 +0.1651
223-264 km
48 +0.1622

Spring+summer
index
P1

N mean r

P1

Summer-only
index
same sites as
spring+summer
N mean r P 1

A
A
A
A

14 +0.5322
28 +0.6137
36 +0.4108
-

AB
A
B

14
28
36

+0.4256
+0.3085
+0.3040

A
A
A

A
BC
B
C

12 +0.7210
22 +0.6306
32 +0.5431
-

A
AB
B

12
22
32

+0.5649
+0.3640
+0.3696

A
B
B

A
AB
AB
B

3 +0.6718
13 +0.5656
12 +0.5417
-

A2
A
A

3
13
12

+0.4848
+0.3004
+0.3292

A2
A
A

AB
AB
A
B

3 +0.7563
13 +0.6988
12 +0.8280
-

A2
A
A

3
13
12

+0.6383
+0.4672
+0.5207

A2
A
A

A
A
A
A

3 +0.3801
13 +0.5987
12 +0.3833
-

A2
A
A

3
13
12

+0.0953
+0.1969
+0.1651

A2
A
A

Within column and year-span, means not sharing the same letter(s) are significantly
different (two-tailed P < 0.05).
2
N too small to be able to achieve significance.
1
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Table 7. Mann-Whitney U test for differences in site-pair correlation coefficients (r)
and P values between summer-only and spring+summer indices.
N

Mean,
summer-only

1998-2005
r
78
P
78
1995-2005
r
66
P
66
1992-2005
r
28
P
28
1992-1998
r
28
P
28
1998-2005 same sample of sites as
1992-1998 sample
r
28
P
28

Mean,
spring+summer

P1

+0.327466
0.358341

+0.505439
0.248205

0.0017
0.0057

+0.403256
0.304041

+0.604608
0.115450

0.0000
0.0000

+0.332512
0.314275

+0.566726
0.072460

0.0000
0.0000

+0.760365
0.084543

+0.508447
0.27909

0.0000
0.0000

+0.482996
0.274239

+0.172384
0.460575

0.0000
0.0062

P values presented are one-tailed because it was not possible for us to calculate the
two-tailed value for 0.0000. All tests are significant at two-tailed P < 0.05.

1

Table 8. Mann-Whitney U test for differences in site-pair correlation coefficients (r)
by whether any site in the pair had or had not been burned during the study period.

N
1998-2005
burned
not burned
1995-2005
burned
not burned
1992-2005
burned
not burned
1992-1998
burned
not burned

Summer-only
index
mean r
P1

Spring+summer
index
N
mean r
P1

205
120

+0.195742
+0.346216

A
B

12
66

+0.507018
+0.505153

A
A

119
91

+0.306724
+0.380179

A
A

11
55

+0.547326
+0.616064

A
A

55
36

+0.186907
+0.318804

A
B

0
28

55
36

+0.224546
+0.446834

A
B

0
28

Within column and year-span, means not sharing the same letter are significantly
different (two-tailed P < 0.05).
1

2

1

+0.39
+0.57
+0.53
+0.77
+0.17
+0.49

+0.49
+0.78
+0.78
+1.01
-0.01
+0.61

+0.47
+0.57
+0.58
+0.74
+0.24
+0.65
+0.54

31
21
6
6
6

14
12
3
3
3

14
12
3
3
3

-0.0272
-0.0022
-0.0582
-0.0664
-0.0891
-0.0486
-0.0296

+0.0251
-0.0420
-0.0651
-0.1587
+0.2484
+0.0015

-0.0097
+0.0015
-0.0458
-0.1635
+0.0087
-0.0418

0.25-2.99 km
intercept slope

21
16
4
4
4

21
16
4
4
4

55
37
11
11
11

N

Same sample of site-pairs as for 1992-1998 in previous line.
Same sample of site-pairs as for spring+summer indices.

Summer only
1998-2005
1995-2005
1992-2005
1992-1998
1998-20051
Mean
Spring+summer
1998-2005
1995-2005
1992-2005
1992-1998
1998-20051
Mean
Summer only 2
1998-2005
1995-2005
1992-2005
1992-1998
1998-20051
Mean
Mean of all

N

+0.46
+0.59
+0.61
+0.73
+0.18
+0.51
+0.55

+0.52
+0.76
+0.78
+0.82
+0.25
+0.63

+0.45
+0.64
+0.57
+0.67
+0.28
+0.52

-0.0299
-0.0175
-0.0811
-0.0553
-0.0470
-0.0462
-0.0496

+0.0006
-0.0273
-0.0655
-0.0145
+0.0406
-0.0132

-0.0813
-0.0683
-0.1051
-0.0838
-0.1089
-0.0895

0.25-5.00 km
intercept slope

78
66
28
28
28

78
66
28
28
28

325
210
91
91
91

N

+0.35
+0.45
+0.35
+0.50
+0.16
+0.36
+0.44

+0.61
+0.68
+0.61
+0.69
+0.59
+0.64

+0.28
+0.42
+0.30
+0.43
+0.11
+0.31

0.25-264 km
intercept

-0.0011
-0.0019
-0.0006
+0.0003
+0.0003
-0.0006
-0.0010

-0.0042
-0.0029
-0.0018
+0.0027
-0.0044
-0.0021

-0.0002
-0.0006
-0.0004
-0.0009
+0.0002
-0.0004

slope

+0.305
+0.358
+0.317
+0.492
+0.188
+0.332
+0.389

+0.498
+0.593
+0.556
+0.755
+0.507
+0.582

+0.255
+0.313
+0.232
+0.295
+0.164
+0.252

>5-264 km
mean r

Table 9. Sample of site-pairs (N), y-intercept, and slope for linear regression line (least squares) of site-pair coefficients to distance, for
three ranges of distance between sites. Mean site-pair correlation coefficients (r) for >5-264 km distance indicate background (regional) autocorrelation.
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slope of only -0.018/km, confirming that Karner blue autocorrelation didn’t change
much for the first 3 km but dropped sharply beyond that. Our y-intercept (for 05 km analysis) falls nearest to their y-intercept for intermediate species (i.e.,
not sedentary or mobile), and our slope falls nearest to theirs for mobile species.
Our slope intersects our regional (background) mean coefficient (+0.267) for
>5.0-264 km site-pairs at about 3.25 km, just beyond our shortest distance
group of 0-2.99 km. Their mean regional coefficient (for all species) was about
+0.29, and sedentary species reached that at about 1.75 km, intermediate at
about 2.0 km, and mobile at about 4.0 km.
DISCUSSION
About 80% of summer-only, and >95% of spring+summer, correlation coefficients between site-pairs were positive (Table 2). About 15% of summer-only
and 19% of spring+summer coefficients were significantly positive (P < 0.05), far
more than expected (Table 3). This indicates a high rate of background (regional) spatial autocorrelation in our Karner blue sites across a span of 264 km.
The high annual variability in Karner blue populations (Swengel and Swengel
1996, Knutson et al. 1999, Lane and Andow 2003) probably contributed to the
relative ease of detecting significant autocorrelation.
Swengel and Swengel (2005) also analyzed for synchrony of fluctuations.
But in that analysis, the population indices for all sites in a county were averaged into a “brood index”, and those brood indices (not detrended) were
nonparametrically correlated among counties, rather than among pairs of sites.
In that paper, the use of trended data had the effect of increasing the positive
correlation of near sites (<52 km apart, between counties in central Wisconsin)
and decreasing the correlation of further sites (>222 km apart, between central
and northwestern Wisconsin). When the different long-term population trends
occurring in northwestern and central Wisconsin (Swengel and Swengel 2005)
were removed in this analysis, an underlying synchrony of fluctuations was
revealed that the trends masked.
Population fluctuations showed relatively high synchrony over small distances (<3 km) (Tables 5, 6, 9), indicating strong local synchrony above regional
background levels. Beyond 3 km, autocorrelation gradually leveled off at greater
distances. This agrees with Sutcliffe et al.’s (1996) finding that low-mobility
butterflies have high spatial autocorrelation at very short distances that declines very quickly with increasing distance to regional background levels. Strong
local population synchrony is not surprising given that Karner blue populations
are significantly denser (P < 0.01) in places with other nearby populations,
called lupine “cores” in Swengel and Swengel (1996) -- i.e., places in a landscape
context of numerous other lupine patches within 2 km. Numerous other studies
have also demonstrated a general pattern that butterfly populations are larger
when other populations are nearer rather than farther, or that habitat quality
and intersite distance interact to determine butterfly patch occupancy (Harrison
et al. 1988, Hanski et al. 1994, Dennis and Eales 1999, Thomas et al. 2001,
WallisDeVries 2004). Although most marking studies have found that only a
few Karner blues per brood move to new patches (see literature cited in Introduction and Methods), this appears adequate to raise local population synchrony
above regional levels. But beyond 3 km, their relatively low mobility does not
facilitate population synchrony much higher than the regional background level.
By contrast, Schultz and Hammond (2003) did not find a significant change
in spatial synchrony by distance in a single-brooded blue (ca. 65% of site-pair
correlations were positive and 9% of r values significant) in an 8-10 year study
at 12 sites. Only about 6 of their 66 site-pairs were <5 km apart, which probably
hindered detection of short- vs. long-distance differences. The Karner blue appears to fit the sedentary group in Sutcliffe et al. (1996) but its spatial
autocorrelation statistics are more similar to theirs for intermediate-mobility
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British species (in slope) and mobile species (distance where regional mean is
reached). Several factors may contribute to this disparity. Just as more thorough surveying within a site decreases the variance in a site’s annual population
indices (Sutcliffe et al 1996: Fig. 3), so do more survey visits within a brood
(Brown and Boyce 1998). Thus, British population indices are more robust, as
they sum weekly counts throughout the brood vs. our single peak survey. This
should make their site-pair coefficients higher and slopes of r values vs. distance steeper. The baseline autocorrelation that extends to at least 264 km in
Karner blues indicates that similar environmental conditions create some of
the synchrony (Pollard 1991). Even though our study spanned more distance
than Sutcliffe et al.’s (1996) (264 vs. 200 km), the Karner blue’s range in Wisconsin falls in a very uniform climatic range, which follows the tension zone defined
by Curtis (1959) for plants. This tension zone correlates with similar growing
season weather. Wisconsin also has a continental climate, which would be
expected to show more extreme variation than England’s maritime climate.
More dramatic climatic variation could result in more dramatic butterfly fluctuations (e.g., Ehrlich et al. 1980), which, combined with relatively uniform
climate in the Karner blue’s range, could result in stronger spatial autocorrelation
over longer distances than in Sutcliffe et al.’s (1996) sedentary species.
Ranta et al.’s (1995) review shows how synchrony of modeled populations
due to regional environmental effects, although positive over a wide area, may not
change much with increasing distance; instead, local population dynamics usually account for most of the increase in synchronization at close distances. Forest
moths exhibit strong within-species spatial autocorrelation that declines with
distance (Raimondo et al. 2004a). Moths in both North America and Europe also
exhibit significant population synchrony among different species (Raimondo et al.
2004a,b). Both intra- and interspecific population synchrony appear largely mediated by weather but interspecific synchrony was most likely among species in
which caterpillars fed in similar ways or at the same time of year (Raimondo et al.
2004a,b). Koenig (2006) found similarities in spatial synchrony of monarchs
(Danaus plexippus (L.), Lepidoptera: Danaidae) and temperature.
The site-pair coefficients tended to be lower when any site in the pair had
been burned. This is likely due to fire-caused mortality (Bleser 1993, Swengel
1995), which is independent of population fluctuations. The Karner blue’s high
regional spatial autocorrelation has implications for recovery from fire. A population lowered by fire might be retarded in recovery in low fluctuation years (e.g.,
Labus et al. 2002 after wildfire). Recovery from fire would be variable and
unpredictable as a result of fluctuations, which can’t be known at the time of
burning but which affect ability and time required to recover.
The decline in gene flow with increasing distance in IBD studies (Slatkin
1993) is analogous to the decline in spatial autocorrelation of populations with
distance, but without the background environmental synchrony of autocorrelation.
IBD compares cumulative changes in genomes over many generations, however.
Peterson and Denno (1998) found significant declines in gene flow with distance in
6/12 butterflies studied over maximum inter-site distances of 400-4000 km. The
behavior of a species’ IBD statistics over short distances should bear some relationship to the species’ dispersal behavior. In a review of IBD traits of insects
analyzing gene flow over spatial scales of 200-4135 km (which damps out effects
that are strictly local), Peterson and Denno (1998) found that, compared to moderately mobile and highly mobile species, sedentary species had intermediate
slopes (lower than moderately mobile, higher than highly mobile) and lower intercepts of gene flow vs. distance. They argue that gene flow in sedentary species is
not sufficient to prevent populations tens of km apart from becoming nearly as
genetically isolated as much more distant ones.
Karner blue genetic data and our results are consistent with a hypothesis
that a large proportion of its spatial autocorrelation results from environmental
factors instead of gene flow. In a study of North American Lycaeides, including
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Karner blues from Minnesota, Wisconsin, Indiana, Michigan, New York, and
New Hampshire (>1700 km span), Nice et al. (2000) found significant IBD
patterns in geographic vs. genetic distance in microsatellite DNA. Karner blue
gene flow appears to be low relative to other Lepidoptera (Packer et al. 1998),
which is consistent with its relatively low dispersal. Further demonstrating
that local gene flow is much greater than regional, 75.9% of isozyme variability
and 66.4% of mitochondrial DNA (mtDNA) variability in Lycaeides melissa
(W.H. Edwards) and L. idas (L.), northern blue, was explained by variation
among populations of the same species, rather than among individuals within a
population or among species (Nice and Shapiro 1999, Nice et al. 2005). When
these taxa were grouped by mtDNA population clusters (independent of their
species/subspecies), 90.4% of mtDNA variation was explained by differences
among regions rather than within or among populations within a region (Nice et
al. 2005). In Karner blues, spatial autocorrelation slopes over the entire span
(0.25-264 km) of our study were very low, being high only at short distances
(0.25-5 km). This pattern is consistent with those in measures estimating their
gene flow. However, relatively greater synchrony of Karner blue abundance
occurs over longer distances than does gene flow. This is probably because
environmental factors synchronize populations on a much larger scale that is
affected by gene flow.
Our analyses indicated some strategies for improving statistical power.
Spring+summer coefficients were much higher than summer only, indicating
that the two broods combined produce a much more robust annual index than
just summer counts. This is consistent with the discussion (above) that an
index calculated from multiple counts at the site is more robust than an index
based on a single survey. Nonetheless, the summer-only indices were adequate,
as they produced the same general patterns, with statistical significance, as the
spring+summer indices. An increase in the number of years from eight (19982005) to eleven (1995-2005) increased statistical power even with a 35% drop in
N site-pairs, but adding three more years (1992-2005) dropped N site-pairs
another 57% and statistical power was about equal to the 1998-2005 dataset,
which had an N 3.5 times as high. This shows the importance of having both
enough sites and enough years to obtain statistical power, because butterfly
populations are among the most highly variable of organisms studied (Gibbs et
al. 1998). Since Karner blues exhibit such great annual fluctuation (literature
cited above), adding more monitoring years should be disproportionately valuable compared to less variable species, because extreme fluctuations provide
much of the amplitude for analyses of population synchrony. Increasing the
number of years is the most important way to increase statistical power for
detecting bird population trends (Cox 1990). The 1992-2005 period was the
only one where our sample was <15 sites; in an IBD review of gene flow in
insects, Peterson and Denno (1998) found that studies with at least 15 sites had
twice the probability of detecting significant effects as those with <15.
CONCLUSION
Karner blues have a very high background rate of regional spatial
autocorrelation, presumably due to environmental factors (relatively uniform
and continental climate throughout Wisconsin range). This large regional spatial autocorrelation increases risk of synchronized extirpation (Harrison and
Quinn 1989, Koenig 2001), especially in small or highly variable populations
(Pollard and Yates 1992). This extinction risk is exacerbated by the tendency of
major human-caused disturbance patterns to be spatially autocorrelated
(Kallimanis et al. 2005). Weather and low fluctuations have been implicated in
extirpations or sharp declines of Karner blues, including sites with formerly
high populations (Packer 1994, Schweitzer 1994, Labus et al. 2002). The Karner
blue recovery plan (U.S. Fish and Wildlife Service 2003) is built around management of metapopulations. If Karner blues are in metapopulations, then
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correlations in their abundance are likely to decline rapidly beyond a certain
short distance over which butterfly genetic exchange occurs. Our results support
this view of Karner blue population structure, because strong local synchrony
above regional background levels occurred at short distances (<3 km). Another
assumption of metapopulation theory is that there is a rescue (reinforcing)
effect of proximate demes, but synchrony of local population fluctuations makes
rescue less likely in low years.
ACKNOWLEDGMENTS
We gratefully acknowledge funding from the Wisconsin Department of
Natural Resources in 1990-92 and 1996, the U.S. Fish & Wildlife Service in
1993-94, Drs. William and Elsa Boyce in 1992-2005, and Jed Bromfield and
Henya Rachmiel in 2004. We thank Walt Koenig for providing us a pre-publication copy of Koenig (2006). We appreciate the helpful comments of two anonymous reviewers and the editor.
LITERATURE CITED
Bidwell, A. 1995. Karner blue butterfly (Lycaeides melissa samuelis) dispersal and
habitat disturbance at Fort McCoy Military Reservation, Wisconsin. M.S. thesis,
Univ. of Wisconsin, Stevens Point, WI.
Bleser, C. A. 1993. Status Survey, Management and Monitoring Activities for the
Karner Blue Butterfly (Lycaeides melissa samuelis) in Wisconsin, 1990-1992.
Wisconsin Dept. of Nat. Res., Madison, WI.
Bohonak, A. J. 2002. IBD (Isolation by Distance): A program for analyses of isolation
by distance. J. Hered. 93: 153-154.
Brown, J. A., and M. S. Boyce. 1998. Line transect sampling of Karner blue butterflies
(Lycaeides melissa samuelis). Envir. Ecol. Statistics 5: 81-91.
Buonaccorsi, J. P., J. Elkinton, S. R. Evans, and A. M. Liebhold, 2001. Measuring and
testing for spatial synchrony. Ecology 82: 1668-1679.
Byers, J. A. 1997. Surface distance between two pairs of latitude and longitude.
www.ccrl.ars.usda.gov/cedjav/lat-long.htm (USDA Agricultural Research Service site).
Cox, J. 1990. Evaluation of the sensitivity of breeding bird surveys using a stochastic
simulation model. pp. 114-119. In Sauer, J. R. and S. Droege (eds.), Survey Designs and Statistical Methods for the Estimation of Avian Population Trends. U.S.
Fish Wild. Serv., Biol. Rep 90(1).
Curtis, J. T. 1959. The Vegetation of Wisconsin. Univ. of Wisconsin Press, Madison.
Dennis, R. L. H. 1993. Butterflies and Climate Change. Manchester Univ. Press,
Manchester (U.K.) and New York.
Dennis, R. L. H., and H. T. Eales.1999. Probability of site occupancy in the large heath
butterfly Coenonympha tullia determined from geographical and ecological data.
Biol. Conserv. 87: 295-301.
Dirig, R. 1994. Historical notes on wild lupine and the Karner blue butterfly at the
Albany Pine Bush, New York. pp. 23-36. In Andow, D. A., R. J. Baker, and C. P.
Lane (eds.), Karner Blue Butterfly: a symbol of a vanishing landscape. Misc. Publ.
84-1994, Minn. Agric. Expt. Sta., Univ. of Minnesota, St. Paul, MN.
Ehrlich, P. R., D. D. Murphy, M. C. Singer, C. B. Sherwood, R. R. White, and I. L Brown.
1980. Extinction, reduction, stability and increase: the responses of checkerspot butterfly (Euphydryas) populations to the California drought. Oecologia 46: 101-105.
Fried, C. S. 1987. Dispersal of the Karner blue butterfly in the Albany Pine Bush.
Report to the Endangered Species Unit, New York Dept. of Envir. Conserv.

152

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 3 & 4

Gibbs, J. P., S. Droege, and P. Eagle. 1998. Monitoring populations of plants and
animals. BioScience 48: 935-940.
Hanski, I., M. Kuusaari, and M. Nieminen. 1994. Metapopulation structure and migration in the butterfly Melitaea cinxia. Ecology 75: 747-762.
Hanski, I., and I. P. Woiwod. 1993. Spatial synchrony in the dynamics of moth and
aphid populations. J. Appl. Ecol. 62: 656-668.
Harrison, S., and J. F. Quinn. 1989. Correlated environments and the persistence of
metapopulations. Oikos 53: 293-298.
Harrison, S., D. Murphy, and P. Ehrlich. 1988. Distribution of the bay checkerspot
butterfly, Euphydryas editha bayensis: evidence for a metapopulation model.
Am. Nat. 132: 360-382.
Iftner, D. C., J. A. Shuey., and J. V. Calhoun. 1992. Butterflies and Skippers of Ohio.
Bulletin of the Ohio Biological Survey new series 9(1), research report 3, Columbus, OH.
Kallimanis, A. S., W. E. Kunin, J. M. Halley, and S. P. Sgardelis. 2005. Metapopulation
extinction risk under spatially autocorrelated disturbance. Conserv. Biol. 19: 534546.
King, R. S. 1998. Dispersal of Karner blue butterflies (Lycaeides melissa samuelis
Nabokov) at Necedah National Wildlife Refuge. Trans. Wisc. Acad. Sci., Arts and
Letters 86: 101-110.
King, R. S. 2000. Evaluation of survey methods for the Karner blue butterfly on the
Necedah Wildlife Management Area. Trans. Wisc. Acad. Sci., Arts and Letters 88:
67-75.
Knutson, R. L., J. R. Kwilosz, and R. Grundel. 1999. Movement patterns and population characteristics of the Karner blue butterfly (Lycaeides melissa samuelis) at
Indiana Dunes National Lakeshore. Nat. Areas J. 19: 109-120.
Koenig, W. D. 2001. Spatial autocorrelation and local disappearances in wintering
North American birds. Ecology 82: 2636-2644.
Koenig, W. D. 2006. Spatial synchrony of monarch butterflies. Am. Midl. Nat. 155: 39-49.
Koenig, W. D., and J. M .H. Knops. 1998. Testing for spatial autocorrelation in ecological studies. Ecography 21: 423-429.
Labus, P., M. Norris, and J. Shuey. 2002. Karner blue reintroduction at Ivanhoe
nature preserve. News Lepid. Soc. 44: 3, 6.
Lane, C. P., and D.A. Andow. 2003. Oak savanna subhabitat variation and the population biology of Lycaeides melissa samuelis (Lepidoptera: Lycaenidae). Ann.
Entomol. Soc. Am. 96: 799-809.
Liebhold, A., W. D. Koenig, and O. N. Bjornstad. 2004. Spatial synchrony in population
dynamics. Annu. Rev. Ecol. Evol. Syst. 35: 467-490.
Mattoni, R., T. Longcore, C. Zonneveld, and V. Novotny. 2001. Analysis of transect
counts to monitor population size in endangered insects: The case of the El Segundo
blue butterfly, Euphilotes bernardino allyni. J. Insect Conserv. 5: 197-206.
Nice, C. C., and A. M. Shapiro. 1999. Molecular and morphological divergence in the
butterfly genus Lycaeides (Lepidoptera: Lycaenidae) in North America: evidence
for recent speciation. J. Evol. Biol. 12: 936-950.
Nice, C. C., N. Anthony, G. Gelembiuk, D. Raterman, and R. ffrench-Constant. 2005.
The history and geography of diversification within the butterfly genus Lycaeides
in North America. Mol. Ecol. 14: 1741-1754.
Nice, C. C., G. Gelembiuk, N. Anthony, and R. ffrench-Constant. 2000. Population
genetics and phylogeography of the butterfly genus Lycaeides. Report to U.S.
Fish and Wildlife Serv.

2005

THE GREAT LAKES ENTOMOLOGIST

153

Packer, L. 1994. The extirpation of the Karner blue butterfly in Ontario. pp. 143-152.
In Andow, D.A., R. J. Baker, and C. P. Lane (eds.), Karner Blue Butterfly: a
symbol of a vanishing landscape. Misc. Publ. 84-1994, Minn. Agric. Expt. Sta.,
Univ. of Minnesota, St. Paul, MN.
Packer, L., J. S. Taylor, D. A. Savignano, C. A. Bleser, C. P. Lane, and L .A. Sommers.
1998. Population biology of an endangered butterfly, Lycaeides melissa samuelis
(Lepidoptera: Lycaenidae): genetic variation, gene flow, and taxonomic status.
Can. J. Zool. 76: 320-329.
Peterson, M. A., and R. F. Denno. 1998. The influence of dispersal and diet breadth on
patterns of genetic isolation by distance in phytophagous insects. Am. Nat. 152:
428-446.
Pollard, E. 1977. A method for assessing changes in abundance of butterflies. Biol.
Conserv. 12: 115-133.
Pollard, E. 1991. Synchrony of population fluctuations: the dominant influence of
widespread factors on local butterfly populations. Oikos 60: 7-10.
Pollard, E., and T. J. Yates 1992. The extinction and foundation of local butterfly
populations in relation to population variability and other factors. Ecol. Entomol.17:
249-254.
Pollard, E., and T. J. Yates. 1993. Monitoring Butterflies for Ecology and Conservation.
Chapman & Hall, London.
Raimondo, S., A.M. Liebhold, J. S. Strazanac, and L. Butler. 2004a. Population synchrony within and among Lepidoptera species in relation to weather, phylogeny,
and larval phenology. Ecol. Entomol. 29: 96-105.
Raimondo, S., M. Turcani, J. Patoeka, and A. M. Liebhold. 2004b. Interspecific synchrony among foliage-feeding forest Lepidoptera species and the potential role of
generalist predators as synchronizing agents. Oikos 107: 462-470.
Ranta, E. V. Kaitala, J. Lindstrom, and H. Linden.1995. Synchrony in population
dynamics. Proc. Royal Soc. Lond. B. 262: 113-118.
Royama, T. 2005. Moran effect on nonlinear population processes. Ecol. Monogr. 75:
277-293.
Savignano, D.A. 1994. The distribution of the Karner blue butterfly in Saratoga County,
New York. pp. 73-80. In Andow, D. A., R. J. Baker, and C. P. Lane (eds.), Karner
Blue Butterfly: a symbol of a vanishing landscape. Misc. Publ. 84-1994, Minnesota
Agric. Expt. Sta., Univ. of Minnesota, St. Paul, MN.
Schultz, C. B., and P. C. Hammond. 2003. Using population viability analysis to develop
recovery criteria for endangered insects: case study of the Fender’s blue butterfly. Conserv. Biol. 17: 1372-1385.
Schweitzer, D. F. 1994. Prioritizing Karner blue butterfly habitats for protection activities. pp. 173-183. In Andow, D.A., R. J. Baker, and C. P. Lane (eds.), 1994. Karner
Blue Butterfly: a symbol of a vanishing landscape. Misc. Publ. 84-1994, Minn.
Agric. Expt. Sta., Univ. of Minnesota, St. Paul, MN.
Slatkin, M. 1993. Isolation by distance in equilibrium and non-equilibrium populations.
Evol. 47: 264-279.
Sutcliffe, O. L., C. D. Thomas, and D. Moss. 1996. Spatial synchrony and asynchrony in
butterfly population dynamics. J. Anim. Ecol. 65: 85-95.
Sutcliffe, O., C. D. Thomas, T. J. Yates, and J. N. Greatorex-Davies. 1997. Correlated
extinctions, colonizations and population fluctuations in a highly connected ringlet butterfly metapopulation. Oecologia 109: 235-241.
Swengel, A. B. 1995. Observations of spring larvae of Lycaeides melissa samuelis
(Lepidoptera: Lycaenidae) in central Wisconsin. Gt. Lakes Entomol. 28: 155-170.

154

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 3 & 4

Swengel, A. B., and S. R. Swengel. 1996. Factors affecting abundance of adult Karner
blues (Lycaeides melissa samuelis) (Lepidoptera: Lycaenidae) in Wisconsin surveys 1987-95. Gt. Lakes Entomol. 29: 93-105.
Swengel, A. B., and S. R. Swengel 1999. Timing of Karner blue (Lepidoptera:
Lycaenidae) larvae in spring and adults in spring and summer in Wisconsin during 1991-1998. Gt. Lakes Entomol. 32: 79-95.
Swengel, A. B., and S. R. Swengel. 2005. Long-term population monitoring of the
Karner blue (Lepidoptera: Lycaenidae) in Wisconsin, 1990-2004. Gt. Lakes
Entomol. 38: 107-134
Thomas, J. A. 1984. A quick method for estimating butterfly numbers during surveys.
Biol. Conserv. 27: 195-211.
Thomas, J. A., N. A. D. Bourn, R. T. Clarke, K.E. Stewart, D. J. Simcox, G. S. Pearman,
R. Curtis, and B. Goodger. 2001. The quality and isolation of habitat patches both
determine where butterflies persist in fragmented landscapes. Proc. Royal Soc.
London B. 268: 1791-1796.
U. S. Fish and Wildlife Service. 2003. Final Recovery Plan for the Karner Blue Butterfly (Lycaeides melissa samuelis). Dept. of Interior, U.S. Fish & Wildl. Serv., Fort
Snelling, MN.
WallisDeVries, M. F. 2004. A quantitative conservation approach for the endangered
butterfly Maculinea alcon. Conserv. Biol. 18: 489-499.
Walter, R. and B. K. Epperson. 2005. Geographic pattern of genetic diversity in Pinus
resinosa: contact zone between descendants of glacial refugia. Am. J. Bot. 92: 92100.
Welch, R. J. 1993. Dispersal and Colonization Behavior in the Karner Blue Butterfly
(Lycaeides melissa samuelis) in Central Wisconsin. Report to U. S. Fish & Wildl.
Serv., Green Bay, WI.

.

2005

THE GREAT LAKES ENTOMOLOGIST

155

DIAGNOSTIC EFFICACY OF MORPHOLOGICAL CHARACTERS OF
LARVAL TRAMEA LACERATA HAGEN AND TRAMEA ONUSTA HAGEN
(ODONATA: LIBELLULIDAE) IN THE PRAIRIE REGION OF MISSOURI
Brett H. P. Landwer1 and Robert W. Sites1

ABSTRACT
Distinguishing among species of larvae of the dragonfly genus Tramea
historically has been problematic, largely due to conflicting characterizations of
the larvae of T. lacerata Hagen and T. onusta Hagen (Odonata: Libellulidae) in
the literature. The various systematic treatments usually focused on relative
lengths of morphological characters to distinguish the species, but often contradicted one another and themselves as to what the diagnostic values actually
were. We traced much of the confusion back to errors in the original larval
description of T. onusta. We used morphometric analyses to determine the
efficacy of previously published characterizations to distinguish between the
larvae of T. lacerata and T. onusta. Previous characterizations, especially those
involving relative lengths of the caudal appendages, were generally found to be
inadequate for distinguishing larvae of the two species. The most reliable characteristic for distinguishing the two species was found to be the length of the
epiproct relative to the length of the paraprocts.
____________________
Distinguishing among species of larval Tramea, especially those of T.
lacerata Hagen (Odonata: Libellulidae) from those of T. onusta Hagen, historically has been very difficult. Needham and Heywood (1929) did not attempt
diagnoses or a larval key and warned, “The nymphs of North American forms
seem to be lacking in good specific characters.” However, subsequent researchers preparing larval keys to Tramea seldom mentioned the unreliability of the
characters they used. A notable exception is Needham et al. (2000) who stated
that their larval key, based on that of Irinue de Souza et al. (1999), which is, in
turn, based largely on that of Byers (1927), was “…tentative, as the relative
lengths of the caudal appendages and antennal segments apparently are more
variable than previously supposed.”
One of the characters most commonly used for distinguishing larval T.
onusta and T. lacerata is length of the cerci relative to the epiproct. However,
there is little agreement in the literature on the actual state of this character.
The taxonomic keys of Needham and Westfall, Jr. (1955), Smith and Pritchard
(1956), Young and Bayer (1979), and Daigle (1992) characterized T. lacerata as
having cerci 0.8 times as long as the epiproct and T. onusta with cerci 0.9 times
as long as the epiproct. Musser (1962) roughly agreed, giving the ratios as 0.7
for T. lacerata and, based on one specimen also used by Byers (1927), 0.875 for T.
onusta. In the key and larval diagnoses of Walker and Corbet (1975), the ratios
were given as about 0.7 or less for T. lacerata and about 0.8 or more for T. onusta.
In the original larval description of T. onusta, Byers (1927) gave the absolute
lengths of the cerci and epiproct as 2 mm and 2.5 mm, respectively, which yields
a ratio of 0.8. However, he gave the ratio of the lengths of the cerci to epiproct as
0.67. Inexplicably, he characterized the cerci as longer than the epiproct for both
T. onusta and T. carolina in couplet two of the accompanying key to species of
larval Tramea, but cited the cerci to epiproct length ratio of 0.8 for T. onusta in
Enns Entomology Museum, Division of Plant Sciences, University of Missouri,
Columbia, MO 65211. (e-mail: brett.landwer@mdc.mo.gov and SitesR@missouri.edu).
1

156

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 3 & 4

couplet three. Irinue de Souza et al. (1999) adopted the ratio of 0.67 to characterize the larva of T. onusta.
Another commonly confused character used to diagnose the genus Tramea
is the ratio of epiproct length to paraproct length. The character state of epiproct
shorter than paraprocts was used to distinguish larvae of Tramea from those of
Pantala Hagen in several generic keys (e.g., Needham and Westfall, Jr. 1955,
Daigle 1992, Westfall, Jr. and Tennessen 1996). The original larval description
of T. lacerata (Cabot 1890) indicated that the epiproct is shorter than the
paraprocts, as did the larval diagnosis of Garman (1927). The original larval
description of T. onusta and accompanying key (Byers 1927) indicated that this
is also the case in T. onusta, giving the absolute length of the paraprocts as 3
mm, and an epiproct to paraproct ratio of 0.83. However, Walker and Corbet
(1975) presented confounding characterizations by using the state of epiproct
longer than the paraprocts to characterize T. lacerata in the larval diagnosis and
both T. lacerata and T. onusta in the key to species, while using the state of
epiproct shorter than paraprocts to characterize the genus in the generic diagnosis and T. onusta in the larval diagnosis. Needham et al. (2000) also characterized T. onusta larvae as having an epiproct longer than the paraprocts. By
attributing a cercus to epiproct length ratio of 0.67 and a cercus to paraproct
length ratio of 0.80, the species key of Irinue de Souza et al. (1999) indirectly
attributed an epiproct to paraproct ratio of 1.2 to T. onusta.
The states of characters other than caudal appendages have been used by
some authors to distinguish larval T. lacerata from T. onusta. The fourth antennal segment half as long as the third has been attributed to T. lacerata and twothirds as long to T. onusta with little contradiction (Byers 1927, Smith and
Pritchard 1956, Walker and Corbet 1975, Needham et al. 2000). Huggins and
Brigham (1982) used the state of fourth antennal segment ≤0.66 times (mean
= 0.58) the length of the third to distinguish T. lacerata from T. carolina (L.).
Also, lateral spines of abdominal segment VIII less than 0.8 times as long as
those of IX have been attributed to T. lacerata versus nearly as long in T. onusta
(Daigle 1992). Huggins and Brigham gave this ratio as less than 0.88 (mean =
0.79) in both T. lacerata and T. carolina and 0.88 or more in T. onusta (mean =
0.92). Finally, lateral spines of abdominal segment VIII incurving has been
used to characterize both T. lacerata and T. onusta (Needham and Westfall, Jr.
1955, Walker and Corbet 1975, Needham et al. 2000).
Presented here are the actual states of diagnostic characters observed in
large series of T. lacerata and T. onusta specimens. These data were used to
analyze the efficacy of previously published characterizations in distinguishing
between the two species. The most reliable characteristics we found to distinguish T. lacerata from T. onusta are presented.
MATERIALS AND METHODS
A total of 35 specimens of exuviae or final instars were used in this analysis, all collected from ponds in the Prairie Region of Missouri. Specifically,
exuviae of 20 T. onusta and 2 T. lacerata reared by BHPL were used in this
analysis, as were two final instars of T. lacerata that were collected with and
obviously conspecific to the reared T. lacerata specimens and died shortly before
emergence. Exuviae of seven reared T. lacerata and four reared T. onusta from
the reference collection of Grabau (1955) also were used. The head of one specimen of T. lacerata was damaged and not measured and the epiproct of one T.
onusta was deformed and not included in analyses involving this character. All
specimens are housed at the Enns Entomology Museum, University of Missouri-Columbia.
Measurements were performed under magnification using an ocular micrometer. Cerci and epiprocts were measured in strict dorsal view from the
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posterodorsal margin of abdominal segment X. Paraprocts were measured in
strict ventral view from the posteroventral margin of segment X. Lateral spines
were measured in strict dorsal view from the posterior margin of the abdominal
tergum immediately adjacent to their base. Although paired, only one paraproct,
one cercus, and both spines of one side were measured per specimen. Antennae
often required removal to arrange in two dimensions for accurate measurement.
For consistency, the right was removed and measured unless it had been lost.
Because of distortion during emergence, head width was measured in strict
dorsal view from the most lateral point of the compound eye to the coronal
suture and multiplied by two.
When assigning a character with a continuous distribution to one of two
discrete groups, a limiting value must be established. For T. lacerata and T.
onusta, we used the mean of each pair of published distinguishing character
states. Thus, the secerning value is 0.75 when evaluating if the cerci are ≤0.7
times or ≥0.8 times the length of the epiproct, and 0.85 when evaluating if the
cerci are ≤0.8 times or ≥0.9 times the length of the epiproct. The secerning
value of the two given antennal states is 0.58, and that of the given states of the
lateral spines is 0.9.
Material examined.— MISSOURI: AUDRAIN CO.: Robert M. White II
Conservation Area, 29 August and 3 September 2000, UTM X 597100, UTM Y
4353150, BHPL (exuviae of 20 reared T. onusta); BOONE CO.: University of
Missouri South Farms, 16 August 2000, UTM X 562100, UTM Y 4306350,
BHPL (2 larval T. lacerata, exuviae of 2 reared T. lacerata); 2.5 mi. W of Ashland,
14 August – 18 September 1953, M. C. Grabau (exuviae of 3 reared T. lacerata,
exuviae of 3 reared T. onusta); pond, Columbia, 15 and 18 June 1953, M. C.
Grabau (exuviae of 2 reared T. lacerata); pond, Columbia, 26 August 1953, M. C.
Grabau (exuviae of 1 reared T. onusta); pond, 16 September 1953, M. C. Grabau
(exuviae of 1 reared T. lacerata); 3 September 1953, M. C. Grabau (exuviae of 1
reared T. lacerata).
RESULTS
The mean length of all characters measured except antennal segments
was greater in T. lacerata (Table 1). Of the characters measured, only epiproct
length showed no overlap between the two species.
Considerable overlap between the species was found in cerci length to
epiproct length ratios (Fig. 1). The character states of cerci ≤0.7 times versus
≥0.8 times the length of the epiproct correctly identified 9% of T. lacerata larvae
and 100% of T. onusta larvae. Alternatively, the character states of cerci 0.8
times versus 0.9 times the length of the epiproct correctly identified 91% of T.
lacerata specimens and 57% of T. onusta specimens.
The relative length of antennal segments three and four showed extensive
overlap between species (Table 2), but much of this overlap was due to an aberrant specimen of each species. The character state of antennal segment four 0.5
times the length of three in T. lacerata and 0.67 times in T. onusta correctly
identified 73% of T. lacerata specimens and 84% of T. onusta specimens.
The relative lengths of the lateral spines of abdominal segments VIII and
IX exhibited very little overlap (Fig. 2). The largest value seen in the T. lacerata
specimens (0.86) was equal to the smallest value seen in those of T. onusta. This
character state correctly identified 100% of T. lacerata specimens and 71% of T.
onusta specimens. If the secerning value for T. lacerata was established at 0.86,
100% of T. lacerata specimens and 88% of T. onusta specimens would be correctly identified.
The ratio of epiproct length to paraproct length showed no overlap between specimens of T. lacerata and T. onusta (Fig. 3). In T. lacerata, the epiproct

T. lacerata 1
2
3
4
5
6
7
8*
9*
10
11
mean
s.e.

Species/
specimen

2.40
2.16
2.40
2.28
2.32
2.12
2.16
2.24
2.40
2.16
2.12
2.25
0.11

Cercus

2.96
2.60
2.76
2.84
2.78
2.64
2.68
3.12
2.96
2.72
2.52
2.78
0.18

Epiproct
2.88
2.73
2.92
2.96
2.76
2.72
2.68
3.00
2.98
2.68
2.56
2.81
0.15

Paraproct
0.80
0.63
0.78
0.80
0.82
0.72
0.78
0.88
0.98
0.82
0.80
0.80
0.08

Third
antennal
segment
0.49
0.53
0.41
0.41
0.47
0.49
0.45
0.49
0.55
0.47
0.43
0.47
0.04

Fourth
antennal
segment
7.51
7.27
7.27
7.51
N/A
7.04
6.96
7.75
7.90
7.22
7.04
7.35
0.32

Head
width
2.80
2.40
2.68
2.48
2.42
2.40
2.24
2.72
2.60
2.56
2.20
2.50
0.19

Spine of 8
3.40
3.20
3.16
3.20
3.00
2.80
3.12
3.40
3.04
3.16
2.56
3.09
0.25

Spine of 9

Table 1. Measurements (mm) of morphological characters of specimens of Tramea lacerata and T. onusta. Italicized values overlap
between species. All specimens were exuviae except two final larval instar T. lacerata (indicated by *).
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T. onusta 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
mean
s.e.

Species/
specimen

Table 1. Continued.

1.80
1.72
1.92
1.88
1.80
1.96
1.76
1.68
2.16
2.00
1.86
2.04
1.88
1.68
1.84
1.96
2.00
1.92
1.72
2.08
1.72
2.00
1.88
1.94
1.88
0.13

Cercus

2.08
2.08
2.04
2.12
2.28
2.04
2.04
N/A
2.24
2.48
2.24
2.20
2.20
2.12
2.22
2.32
2.28
2.12
2.04
2.36
2.08
2.16
2.32
2.04
2.18
0.12

Epiproct
2.28
2.56
2.24
2.44
2.56
2.28
2.40
2.40
2.72
2.84
2.60
2.48
2.60
2.40
2.52
2.76
2.68
2.48
2.56
2.64
2.32
2.52
2.62
2.46
2.51
0.16

Paraproct
0.68
0.66
0.74
0.78
0.82
0.82
0.80
0.78
0.80
0.82
0.86
0.92
0.88
0.78
0.78
0.91
0.84
0.72
0.88
0.82
0.84
0.84
0.84
0.78
0.81
0.06

Third
antennal
segment
0.43
0.43
0.45
0.49
0.53
0.53
0.45
0.51
0.49
0.60
0.51
0.51
0.51
0.51
0.47
0.55
0.49
0.29
0.53
0.53
0.55
0.49
0.51
0.49
0.49
0.06

Fourth
antennal
segment
6.80
6.88
6.72
6.96
7.11
6.88
6.72
7.04
6.96
6.72
6.88
6.96
6.96
6.96
6.88
7.38
6.72
6.72
7.27
7.27
7.14
7.11
7.11
6.80
6.96
0.19

Head
width
2.04
2.08
1.96
2.48
2.04
2.12
2.32
2.16
2.50
2.48
2.24
2.22
2.28
2.04
2.28
2.44
2.40
2.04
2.60
2.32
2.12
2.28
2.44
2.12
2.25
0.18

Spine of 8
2.20
2.32
2.08
2.44
2.38
2.28
2.44
2.36
2.68
2.88
2.52
2.48
2.40
2.38
2.48
2.64
2.64
2.32
2.72
2.64
2.36
2.40
2.74
2.28
2.46
0.19

Spine of 9
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Figure 1. Frequency of cercus/epiproct length ratios expressed by larval Tramea.

Figure 2. Frequency of spine 8/spine 9 length ratios expressed by larval Tramea.

Figure 3. Frequency of epiproct/paraproct length ratios expressed by larval Tramea.
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Table 2. Character length ratios of specimens of Tramea lacerata and T. onusta.
Italicized values overlap between species. All specimens were exuviae except two
final larval instar T. lacerata (indicated by *).
Species/
specimen

Cercus/ Epiproct/ Cercus/ Antennal segment 4/ Spine of 8/
epiproct paraproct paraproct antennal segment 3 spine of 9

T. lacerata 1
2
3
4
5
6
7
8*
9*
10
11
mean
s.e.

0.81
0.83
0.87
0.80
0.83
0.80
0.81
0.72
0.81
0.79
0.84
0.81
0.04

1.03
0.95
0.95
0.96
1.01
0.97
1.00
1.04
0.99
1.01
0.98
0.99
0.03

0.83
0.79
0.82
0.77
0.84
0.78
0.81
0.75
0.81
0.81
0.83
0.80
0.03

0.61
0.83
0.53
0.51
0.57
0.68
0.58
0.56
0.56
0.57
0.54
0.59
0.09

0.82
0.75
0.85
0.78
0.81
0.86
0.72
0.80
0.86
0.81
0.86
0.81
0.05

T. onusta 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
mean
s.e.

0.87
0.83
0.94
0.89
0.79
0.96
0.86
N/A
0.96
0.81
0.83
0.93
0.85
0.79
0.83
0.84
0.88
0.91
0.84
0.88
0.83
0.93
0.81
0.95
0.87
0.05

0.91
0.81
0.91
0.87
0.89
0.89
0.85
N/A
0.82
0.87
0.86
0.89
0.85
0.88
0.88
0.84
0.85
0.85
0.80
0.89
0.90
0.86
0.89
0.83
0.87
0.03

0.79
0.67
0.86
0.77
0.70
0.86
0.73
0.70
0.79
0.70
0.72
0.82
0.72
0.70
0.73
0.71
0.75
0.77
0.67
0.79
0.74
0.79
0.72
0.79
0.75
0.05

0.63
0.65
0.61
0.63
0.64
0.64
0.56
0.65
0.61
0.74
0.59
0.55
0.58
0.65
0.60
0.60
0.58
0.41
0.60
0.64
0.65
0.58
0.60
0.63
0.61
0.06

0.93
0.90
0.94
1.02
0.86
0.93
0.95
0.92
0.93
0.86
0.89
0.90
0.95
0.86
0.92
0.92
0.91
0.88
0.96
0.88
0.90
0.95
0.89
0.93
0.91
0.04
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was longer than the paraprocts in 36% of the specimens, with the mean ratio
0.99. In all T. onusta, the epiproct was shorter than the paraprocts. The minimum ratio of epiproct length to paraproct length in T. lacerata specimens was
0.95, and the maximum value in T. onusta was 0.91.
DISCUSSION
The results demonstrate that none of the published key character states
is 100% reliable in distinguishing larval specimens of T. lacerata from T. onusta
in the Prairie Region of Missouri. Of the published characters, the ratio of
length of the lateral spines of abdominal segment VIII to those of IX was the
most reliable. However, the ratio of epiproct length to paraproct length holds
promise as a diagnostic character distinguishing T. lacerata from T. onusta,
although more specimens from a broader geographic range should be examined.
Further, our observations agree with those of Bick (1951) that the lateral spines,
epiprocts, and paraprocts are less ontogenetically mutable than are cerci or
antennal segments.
The results strongly suggest that the key character state of epiproct longer
than paraprocts should not be used to characterize either of these species of
Tramea, especially T. onusta. We have examined numerous specimens of Tramea
collected from Missouri and reared Tramea at the FSCA and Snow Museum,
and in no specimen did the tip of the epiproct attain the level of the tips of the
paraprocts. If all caudal appendages were measured in dorsal aspect from the
posterodorsal margin of abdominal segment X, the epiproct would invariably
measure shorter than the paraprocts. This is because abdominal segment X is
longer ventrally than dorsally, which illustrates the necessity to clearly indicate
from which aspect the character was measured.
Much of the confusion concerning the relative lengths of the caudal appendages can be traced to several errors by Byers (1927). The measurements
given in his larval description of T. onusta were consistent with the ratios presented in couplet three of his key to species and are corroborated by the results
of the present study. However, the ratios he gave in the description and in
couplet two are contradictory to his measurements, couplet three of his key to
species, the results of the present study, and to themselves. However, it is the
aberrant ratios of Byers that Irinue de Souza et al. (1999) apparently incorporated into their key to species. Klots (1932) also adopted the key and diagnosis
of Byers, distinguishing T. onusta as possessing cerci longer than epiproct in her
key, but diagnosed the species as possessing cerci 0.67 times as long as the
epiproct. This may also account for the discrepancies between the taxonomic
keys and diagnoses of Walker and Corbet (1975).
The ratios given by Byers (1927) in his diagnosis are consistent with his
absolute measurements if the words “dorsal” and “inferior” are transposed in line
three of p. 73. Further, if the word “shorter” is replaced with “longer” in line three
of couplet two in his key to species, the key is transformed from highly contradictory to reasonably accurate. In fact, Byers (1930) made the latter amendment in
his key to species, but retained the erroneous ratios in his diagnosis.
The search for reliable larval characters to distinguish species of Tramea
has generated considerable confusion in the literature. Regrettably, this study
suffers from two of the same restrictions undoubtedly responsible for some of
this confusion: too few specimens and too limited a geographic area. Therefore,
this study does not aim to conclusively settle the matter, but has three less lofty
goals. The first is to provide data concerning key character states of these
species of Tramea. The second is to caution researchers conducting ecological,
behavioral, or distributional studies involving larval Odonata to be very careful
when performing species level determinations of Tramea. Finally, it is hoped
that this will encourage odonatologists from other regions to closely examine
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their larval specimens of Tramea. Then we will be able to begin to identify, and
quantify the variability of, potentially distinguishing characteristics rather than
continue to perpetuate those we know to be unreliable.
ACKNOWLEDGMENTS
We thank Ken Tennessen for a critical review of this manuscript. Support
for RWS was provided in part by MU project number PSSL0232.
LITERATURE CITED
Bick, G. H. 1951. The early nymphal stages of Tramea lacerata Hagen (Odonata:
Libellulidae). Entomol. News. 62: 293-303.
Byers, C. F. 1927. Notes on some North American dragonfly nymphs (Odonata,
Anisoptera). J. N. Y. Entomol. Soc. 35: 65-74.
Byers, C. F. 1930. A contribution to the knowledge of Florida Odonata. Univ. Florida
Press, Gainesville, FL, 327 pp.
Cabot, L. 1890. The immature state of the Odonata. Part 3. Subfamily Cordulina. Mem.
Mus. Compar. Zool. Harv. Col. 17: 1-52.
Daigle, J. J. 1992. Florida dragonflies (Anisoptera): A species key to the aquatic larval
stages. St. Fla. Dep. Environ. Regul. Tech. Ser. 12: 1-29.
Garman, P. 1927. The Odonata or dragonflies of Connecticut. Conn. Geol. Nat. Hist.
Bull. 39: 1-331.
Grabau, M. C. 1955. A Taxonomic Study of the Naiads of Missouri Dragonflies (Odonata:
Anisoptera). M. S. thesis, University of Missouri, Columbia. 116 pp.
Huggins, D. G., and W. U. Brigham. 1982. Odonata, Chapter 4, pp. 4.1-4.100. In A. R.
Brigham, W. U. Brigham, and A. Gnilka (eds.), Aquatic Insects and Oligochaetes
of North and South Carolina. Midwest Aquatic Enterprises, Mahomet, IL.
Irinue de Souza, L. O., J. M. Costa, and T. C. Santos. 1999. Redescrição da larva de Tramea
calverti Muttkowski, 1910, com chave para identificação das larvas conhecidas do
gênero (Odonata: Libellulidae). Bol. Mus. Nac. Nova Ser. Zool. 409: 1-7.
Klots, E. B. 1932. Insects of Porto Rico and the Virgin Islands part 1, Odonata or
dragonflies. Sci. Surv. Porto Rico Virg. Isl. 14: 1-107.
Musser, R. J. 1962. Dragonfly nymphs of Utah (Odonata: Anisoptera). Univ. Utah
Biol. Ser. 12(6): 1-71.
Needham, J. G., and H. B. Heywood. 1929. A Handbook of the Dragonflies of North
America. Springfield, C. C. Thomas. 378 pp.
Needham J. G., and M. J. Westfall, Jr. 1955. A Manual of the Dragonflies of North
America (Anisoptera). Berkeley, University of California Press. 615 pp.
Needham, J. G., M. J. Westfall, Jr., and M. L. May. 2000. Dragonflies of North America.
Gainesville, Florida, Scientific Publishers. 939 pp.
Smith, R. F., and A. E. Pritchard. 1956. Odonata, Chapter 4, pp. 106-153. In R. L.
Usinger (ed.), Aquatic insects of California. University of California Press, Berkeley, California, USA.
Walker, E. M., and P. S. Corbet. 1975. The Odonata of Canada and Alaska. Vol. 3.
Toronto, Ont., University of Toronto Press. 307 pp.
Westfall, M. J., Jr., and K. J. Tennessen. 1996. Odonata, Chapter 12, pp. 164-211. In R.
W. Merritt and K. W. Cummins (eds.), An Introduction to the Aquatic Insects of
North America. 3rd edition. Dubuque, IA, Kendall/Hunt.
Young, W. C. and C. W. Bayer. 1979. The dragonfly nymphs (Odonata: Anisoptera) of
the Guadalupe River Basin, Texas. Texas J. Sci. 31: 85-97.

164

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 3 & 4

HIPPODAMIA VARIEGATA (GOEZE) (COLEOPTERA: COCCINELLIDAE)
DETECTED IN MICHIGAN SOYBEAN FIELDS
Mary M. Gardiner1 and Gary L. Parsons2

ABSTRACT
Since its initial detection near Montreal, Canada in 1984, the variegated
lady beetle Hippodamia variegata (Goeze) (Coleoptera:Coccinellidae) has spread
throughout the northeastern United States. In 2005, this immigrant Old World
species was detected in Michigan for the first time. Twenty-nine adults were
found in soybean fields in 4 counties: Ingham, Gratiot, Kalamazoo, and Saginaw.
The first individuals were found in Gratiot County on 22 June 2005; we continued to detect individuals until 18 Aug 2005 (2 individuals collected in Saginaw
Co.) when sampling ended. Prior to this study, H. variegata had not been known
to prey on the soybean aphid, Aphis glycines Matsumura (Homoptera: Aphididae).
The establishment of soybean aphid throughout the north-central U.S. may aid
the spread of H. variegata throughout the region.
____________________

INTRODUCTION
The use of exotic lady beetles (Coleoptera: Coccinellidae) in classical biological control projects was fueled by the early success of the vedalia beetle, Rodolia
cardinalis (Mulsant), introduced from Australia to suppress populations of the
cottony cushion scale, Icerya purchasi Maskell (Homoptera: Monophlebidae), in
California in 1889. Since this early biological control effort, many exotic lady
beetles have been released in North America, including Coccinella septempunctata
L., Harmonia axyridis (Pallas), Propylea quatuordecimpunctata (L.), and
Hippodamia variegata (Goeze). Releases of variegated lady beetle, Hippodamia
variegata (Goeze), were made by the U.S. Department of Agriculture Animal and
Plant Health Inspection Service (APHIS) Plant Protection and Quarantine (PPQ)
in midwestern and western states from 1957 to 1983 and 1987 to 1993 (Ellis et
al. 1999). Hippodamia variegata was released for the biological control of the
greenbug, Schizaphis graminum (Rondani) (Homoptera: Aphididae), the Russian
wheat aphid, Diuraphis noxia (Mordvilko) (Homoptera: Aphididae), and other
aphid pests (Ellis et al. 1999). Despite multiple releases this coccinellid apparently did not establish (Gordon 1985, Gordon 1987, Dysart 1988, Wheeler, Jr.
1993, Ellis et al. 1999). Gordon (1987) first documented the establishment of H.
variegata in North America in 1984 when a population was found near Montreal
in eastern Canada. The range of H. variegata in Canada now includes the provinces of Quebec, Ontario, Nova Scotia, New Brunswick, and Prince Edward Island
(Gordon and Vandenberg 1991, McNamara 1991, Cormier et al. 2000, Majka and
McCorquodale 2006). Results from a 1992 survey by Wheeler, Jr. (1993) documented the spread of H. variegata into Connecticut, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island and Vermont. Since
this survey, H. variegata has been reported from Maine (Ellis and Adams 1993)
and Delaware (Ellis et al. 1999). While many introductions of H. variegata have
been made, the original Canadian population was thought to be accidentally
introduced into North America by transoceanic shipping through the St. Lawrence
Department of Entomology, 204 Center for Integrated Plant Systems, Michigan
State University, East Lansing, MI 48824-1311.
2
A. J. Cook Arthropod Research Collection, Dept. of Entomology, 243 Natural
Science Bldg., Michigan State University, East Lansing, MI 48824.
1
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Seaway (Schaefer and Dysart 1988, Day et al. 1994). Genetic analysis supports
this hypothesis as the number of allozyme alleles collected from northeastern
U.S. populations was unshared with 10 geographically diverse USDA cultures
(Krafsur et al. 2005).
Building on the 1992 survey by Wheeler, Jr. (1993), Ellis et al. (1999) surveyed for H. variegata in 11 states (CT, DE, MA, MD, ME, NH, NY, PA, RI, VA,
and VT) in 1993 to examine potential habitat preferences for this species. They
found H. variegata in all states surveyed except Virginia and Maryland and reported 34 new county records. Hippodamia variegata was found in aphid-rich
crops including alfalfa, clover, rye and vetch, and in weedy field borders and woodland edges. It also was observed in apple, blueberries, broccoli, strawberries, and
sweet corn (Ellis et al. 1999). This habitat diversity led the authors to conclude
that landscape diversity in the northeast may be responsible for the cocinellid’s
successful establishment and spread. In contrast, the failure of H. variegata to
survive in major wheat-growing areas of the north-central and western U.S. was
attributed to the larger size of wheat fields and overall reduced habitat diversity
in these regions compared with the Northeast (Ellis et al. 1999).
The survey by Ellis et al (1999) was published prior to the detection of the
soybean aphid, Aphis glycines Matsumura (Homoptera: Aphididae), in 2000 in
Wisconsin. This invasive species has since spread throughout the north central
U.S. and Canada and dramatically changed the availability of suitable coccinellid
prey in soybean agroecosystems. Feeding by A. glycines on soybean leaves,
stems, and pods reduces photosynthetic rate, plant growth, and seed yield (Wang
et al. 1996, DiFonzo and Hines 2002). Due to the economic and ecological threats
posed by this immigrant aphid, research is underway at Michigan State University, with collaborators at the University of Wisconsin, University of Minnesota, and Iowa State University to determine how landscape variables affect
predator community diversity and abundance in soybean agroecosystems. Here
we report the detection of H. variegata in the north central U.S.
METHODS
Potential predators of the soybean aphid were sampled weekly in soybean
fields from late May to mid August in 13 sites in 12 counties (2 Michigan sites
were in Kalamazoo County) located throughout the north central states of Michigan, Wisconsin, Minnesota, and Iowa (Table 1). At each site, four 1 acre plots
were established. In the center of each plot a T-post was erected with holes every
10 cm large enough to hold a 0.61 cm dowel. A PHEROCON AM (Great Lakes
IPM, Vestaburg, MI) unbaited yellow sticky card trap was attached to the dowel
and suspended just above the plant canopy. As plants grew, the dowel was
moved up the pole to keep the trap at canopy level. Sticky traps placed in the
field for 7 days were then removed and all adult coccinellids were counted and
identified. After H. variegata was found in Michigan, a soybean field in Ingham
County at the Michigan State University Entomology Farm was also surveyed
on 24 Aug 2005 by visually inspecting 40 plants within the field. Specimens
were identified by comparing them with specimens in the A. J. Cook Arthropod
Research Collection at Michigan State University. Voucher specimens were
deposited into this collection.
RESULTS
Hippodamia variegata was found on sticky cards at all four sites sampled
in Michigan. Twenty-six adults were found in soybean fields in three Michigan
counties: Kalamazoo Co. (7 specimens from the Michigan State University Kellogg
Biological Station and 3 specimens from near Schoolcraft, MI), Saginaw Co. (7
specimens from Michigan State University Beet and Bean Farm), and Gratiot
Co. (7 specimens from near Breckenridge, MI) (Fig. 1). The first individuals were

14

Michigan State University
Beet and Bean Farm
Michigan State University
Kellogg Biological Station
Grower-Cooperator Field - Crapo Rd.
Grower-Cooperator Field - Oakland Dr.
University of Wisconsin West Madison
Agricultural Research Station
University of Wisconsin Arlington
Agricultural Research Station
University of Wisconsin Hancock
Agricultural Research Station
University of Minnesota
Southwest Research and Outreach Center
University of Minnesota UMore Park
Iowa State University
Central Iowa Research and Demonstration Farm
Iowa State University
McNay Research and Demonstration Farm
Iowa State University
Northeast Research and Demonstration Farm
Iowa State University
Sutherland Research and Demonstration Farm
Michigan State University Entomology Farm

Location

42° 55’ 37.99”
42° 41’ 26.68”

42° 55’ 46.98”

95° 31’ 53.18”
84° 29’ 48.30”

92° 33’ 57.72”

93° 24’ 54.64”

93° 38’ 13.86”

41° 58’ 50.60”
40° 58’ 25.75”

95° 10’ 30.10”
93° 6’ 20.25”

90° 32’ 51.47”

44° 8’ 29.31”
44° 43’ 57.94”

45° 37’ 34.98”

89° 20’ 5.85”

89° 32’ 18.52”

43° 3’ 51.77”
43° 18’ 59.94”

85 ° 22’ 42.83”
84° 31’ 33.94”
85° 36’ 42.02”

84° 6’ 49.96”

42 ° 24’ 15.25”
43° 22’ 51.35”
42° 7’ 45.66”

43° 23’ 10.89”

Coordinates (WSG 84)
N
W
Saginaw Co

County

Sutherland
East Lansing

Nashua

Lucus

Ames

Lamburton
Rosemount

Hancock

Arlington

West Madison

WI

WI

WI

MI
MI
MI

MI

State

O’Brien Co.
Ingham Co.

Floyd Co.

Lucas Co.

Story Co.

IA
MI

IA

IA

IA

Cottonwood Co. MN
Dakota Co.
MN

Waushara Co.

Columbia Co.

Dane Co.

Hickory Corners Kalamazoo Co.
Breckenridge
Gratiot Co.
Schoolcraft
Kalamazoo Co.

Saginaw

City
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12

11

9
10

8

7

6

3
4
5

2

1

Site

Table 1. Location of 13 soybean fields sampled with yellow sticky card traps for coccinellids. Site 14 is a soybean field in Ingham County,
MI which was surveyed for H. variegata by visually inspecting 40 plants on 24 Aug 2005.
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Figure 1. Counties shaded in gray were surveyed for H. variegata. Sites listed in
Table 1 are numbered 1-14. Counties marked with hatched lines indicate detection
of H. variegata.

found in Gratiot County on 22 June 2005; we continued to observe adults until
18 Aug 2005 (2 individuals collected in Saginaw Co.) when sampling ceased.
Three H. variegata were also found during the visual inspection of soybean plants
at the Michigan State University Entomology Farm in Ingham Co. (Fig. 1). H.
variegata was not detected in Wisconsin, Minnesota, or Iowa.
DISCUSSION
Since the Ellis et al. (1999) survey, H. variegata has spread westward into
southern Michigan landscapes. While unsuccessful releases targeted S.
graminum and D. noxia, it appears that the current H. variegata populations are
utilizing soybean aphid as a food source. Prior surveys did not include soybean
as a potential habitat, and no previous evidence suggests that H. variegata
feeds on soybean aphid in the U.S. or Asia. We do not know if soybean aphid has
facilitated the range expansion of H. variegata; however, the increase in available prey is likely to aid its establishment throughout Michigan and potentially
across the north-central soybean-producing states.
Increasing evidence suggests that intentional and unintentional introductions of exotic coccinellids have resulted in the displacement of native coccinellids
(Putman 1955, Wheeler, Jr. and Hoebeke 1995, Elliott et al 1996, ColungaGarcia and Gage 1998, Michaud 2002, Snyder et al. 2004). Putman (1955)
found that the introduction of Stethorus punctillus Weise displaced the native
Stethorus punctum (LeConte) in orchards on the Niagara Peninsula. Wheeler and
Hoebeke (1995) attributed the decline of Coccinella novemnotata Herbst to the
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population increase of C. septempunctata in the northeastern U.S. In South Dakota,
Elliott et al. (1996) found that the establishment of C. septempunctata resulted
in a 20-fold reduction in populations of Coccinella transversoguttata richardsoni
Brown and Adalia bipunctata (L.). In Michigan, Colunga-Garcia and Gage (1998)
found a decrease in populations of Brachiacantha ursina (F.), Cycloneda munda
(Say), and Chilocorus stigma (Say) after the establishment of H. axyridis.
The establishment of H. variegata in Michigan, along with the presence of
two other exotic coccinellids; H. axyridis and C. septempunctata, may have implications for native coccinellid biodiversity. Michigan has seven native Hippodamia
species, two of which are found in soybean: Hippodamia convergens GuerinMeneville and H. parenthesis (Say). In 2005 we did not detect H. convergens in
Michigan soybean fields, although it was found previously by Fox et al. (2005).
We know that H. axyridis has been implicated in the decline of native Michigan
lady beetles (Colunga-Garcia and Gage 1998). The presence of H. variegata,
along with the exotics H. axyridis and C. septempunctata, may further increase
competitive pressure on native coccinellid populations.
Wheeler, Jr. and Stoops (1996) encouraged research to monitor the range of
exotic coccinellid populations in managed and unmanaged systems and emphasized the importance of baseline data collected before the arrival of the exotic
species. Sites have been established throughout Michigan, Wisconsin, Minnesota and Iowa for an on-going study that will continue to examine the effects of
landscape complexity on the diversity and abundance of soybean aphid predators.
In all states except Michigan we have baseline data on native coccinellids prior to
the establishment of H. variegata. We will monitor these sites to determine if the
range of H. variegata extends to additional states and will evaluate any impacts
on the diversity and abundance of native coccinellid species.
ACKNOWLEDGMENTS
We thank Michael Wayo, Ryan Alderson, Nick Schmidt, Emily Mueller,
Jeremy Chacon, Bruce Potter, Michael Jewett, and Chris Sebolt for their help
collecting field data. This work is funded by a grant from the USDA Risk
Avoidance and Mitigation Program (RAMP), a Pioneer Hi-Bred International
Graduate Student Fellowship and C. S. Mott Pre-doctoral Fellowship in Sustainable Agriculture. We greatly appreciate the helpful editorial comments of
Doug Landis, Anna Fiedler and two anonymous reviewers.
LITERATURE CITED
Colunga-Garcia, M., and S. H. Gage. 1998. Arrival, establishment, and habitat use of
the multicolored Asian lady beetle (Coleopera: Coccinellidae) in a Michigan landscape. Environ. Entomol. 27: 1574-1580.
Cormier, C. M., T. A. Forbes, T. A. Jones, R. D. Morrison, and D. B. McCorquodale.
2000. Alien invasion: the status of non-native lady beetles (Coleoptera:
Coccinellidae) in industrial Cape Breton, Nova Scotia. Northeastern Naturalist 7:
241-247.
Day, W. H., D. R. Prokrym, D. R. Ellis, and R. J. Chianese. 1994. The known distribution of the predator Propylea quatuordecimpunctata (Coleoptera: Coccinellidae)
in the United States and thoughts on the origin of this species and five other
exotic lady beetles in eastern North America. Entomol. News. 105: 244-256.
DiFonzo, C., and R. Hines. 2002. Soybean aphid in Michigan: update from the 2001
season. MSU Extension Bulletin E-2748. Michigan State University, E. Lansing MI.
Dysart, R. J. 1988. The European lady beetle Propylea quatuordecimpunctata; new
locality records for North America (Coleoptera: Coccinellidae). J. N. Y. Entomol.
Soc. 96: 119-121.

2005

THE GREAT LAKES ENTOMOLOGIST

169

Elliott, N., R. Kieckhefer, and W. Kauffman. 1996. Effects of an invading coccinellid on
native coccinellids in an agricultural landscape. Oecologia 105: 537-544.
Ellis, D. R., and R. G. Adams. 1993. Hippodamia variegata (HV) and Propylea
quatuordecimpunctata (PQ). 1993 multistate survey. USDA APHIS Plant Protection and Quarantine Russian wheat aphid biological control project. 18 pp.
Ellis, D. R., D. R. Prokrym, and R. G. Adams. 1999. Exotic lady beetle survey in
northeastern United States: Hippodamia variegata and Propylea
quatuordecimpunctata (Coleoptera: Coccinellidae). Entomol. News. 110: 73-84.
Fox, T. B., D. A. Landis, F. F. Cardosa, and C. D. DiFonzo. 2005. Impact of predation on
establishment of the soybean aphid, Aphis glycines in soybean, Glycine max
BioControl. 50: 545-563.
Gordon, R. D. 1985. The Coccinellidae (Coleoptera) of America north of Mexico. J. N.
Y. Entomol. Soc. 93: 1-912.
Gordon, R. D. 1987. The first North American records of Hippodamia variegata (Goeze)
(Coleoptera: Coccinellidae), J. N. Y. Entomol. Soc. 95: 307-309.
Gordon, R. D., and N. Vandenberg. 1991. Field guide to recently introduced species of
Coccinellidae (Coleoptera) in North America, with a revised key to North American genera of Coccinellini. Proc. Entomol. Soc. Wash. 93: 845-864.
Krafsur, E. S., J. J. Obrycki, and J. D. Harwood. 2005. Comparative genetic studies of
native and introduced Coccinellidae in North America. Eur. J. Entomol. 102: 469-474.
Majka, C. G., and D. B. McCorquodale. 2006. The Coccinellidae (Coleoptera) of the
Maritime Provinces of Canada: new records, biogeographic notes, and conservation concerns. Zootaxa. 1154: 49-68.
Michaud, J. P. 2002. Invasion of the Florida Citrus Ecosystem by Harmonia axyridis
(Coleoptera: Coccinellidae) and asymmetric competition with a native species,
Cycloneda sanguinea. Environ. Entomol. 31: 827-835.
McNamara, J. 1991. Family Coccinellidae, ladybird beetles. In Y. Bousquet (ed.), Checklist of beetles of Canada and Alaska. Res. Branch Agric. Can. Publ. 1861/E.
Putman, W. L. 1955. Bionomics of Stethorus punctillum Weise (Coleoptera:
Coccinellidae) in Ontario. Can. Entomol. 86: 9-33.
Schaefer, P. W., and R. J. Dysart. 1988. Palearctic aphidophagous coccinellids in North
America. In Ecology and Effectiveness of Aphidophaga. E. Niemcyzk and A. F. D.
Dixon, (eds.) SPB Academic Publishing, The Hague, The Netherlands.
Snyder, W. E., G. M. Clevenger, and S. D. Eigenbrode. 2004. Intraguild predation and
successful invasion by introduced ladybird beetles. Oecologia 140: 559-565.
Wang, S. Y., X. Z. Boa, Y. J. Sun, R. L. Chen, and B. P. Zhai. 1996. Study on the effects
of the population dynamics of soybean aphid (Aphis glycines) on both growth and
yield of soybean. Soybean Science 15: 243-247.
Wheeler A. G., Jr. 1993. Establishment of Hippodamia variegata and new records of
Propylea quatuordecimpunctata (Coleoptera: Coccinellidae) in the eastern United
States. Entomol. News. 104: 102-110.
Wheeler, A. G., Jr., and E. R. Hoebeke. 1995. Coccinella novemnotata in northeastern
North America: historical occurrence and current status (Coleoptera:
Coccinellidae). Proc. Entomol. Soc. Wash. 97: 701-716.
Wheeler, A. G., Jr., and C. A. Stoops. 1996. Status and spread of the Palearctic lady
beetles Hippodamia variegata and Propylea quatuordecimpunctata (Coleoptera:
Coccinellidae) in Pennsylvania, 1993-1995. Entomol. News 107: 291-298.

170

THE GREAT LAKES ENTOMOLOGIST

Vol. 38, Nos. 3 & 4

EFFECTS OF DIFFERENT HABITATS ON THE PRODUCTIVITY OF THE
NATIVE PAPER WASP POLISTES FUSCATUS AND THE INVASIVE,
EXOTIC PAPER WASP P. DOMINULUS (HYMENOPTERA: VESPIDAE)
George J. Gamboa1, Julie A. Austin1 and Kimberley M. Monnet1

ABSTRACT
We examined the colony productivities of the native paper wasp, Polistes
fuscatus (Fab.),(Hymenoptera: Vespidae), and the invasive, exotic paper wasp,
P. dominulus (Christ), in oak forest, oak forest-old field ecotone, and old field
habitats at the Oakland University Preserve in Rochester, Michigan from 2003
to 2005. Both species of paper wasps exhibited significant differences in colony
productivity among the three habitats. Generally, colonies were the most productive in the old field habitat and the least productive in the oak forest habitat.
Colonies of P. dominulus were significantly more productive than comparable colonies of P. fuscatus in all three habitats. There was no evidence that P.
fuscatus was more competitive with P. dominulus in any of the three habitats.
Thus, our results do not support the suggestion of Gamboa et al. (2004) and
Liebert et al. (2006) that P. fuscatus may be more competitive with P. dominulus
in less disturbed or forest habitats than in urban and rural habitats.
____________________
The invasive, European paper wasp, Polistes dominulus (Christ) (Hymenoptera: Vespidae), was first reported in the United States in 1978 (Eickwort
1978) and in Michigan in 1995 (Judd and Carpenter 1996). Since its introduction, P. dominulus has rapidly replaced the only native species of paper wasp,
Polistes fuscatus (F.), in many urban and rural areas of southeastern Michigan
(Gamboa et al. 2002). P. dominulus also appears to be at least partially supplanting P. fuscatus in Massachusetts (A. Liebert, pers. comm.), New York (E.
Tibbetts and N. Stamps, pers. comm.), and southern Ontario, Canada (G. Otis,
pers. comm.). P. dominulus is thought to be supplanting P. fuscatus by indirect
(exploitative) competition although the critical resources in this competition
are unknown (Gamboa et al. 2004). Gamboa et al. (2004) speculated that the
two species may be competing for nest sites.
Polistes dominulus is much more productive than P. fuscatus in urban
habitats: both single- and multiple-foundress colonies of P. dominulus are significantly larger than comparable colonies of P. fuscatus (Gamboa et al. 2004). A
major factor that contributes to the high productivity of P. dominulus is its short
larval and pupal stadia, which enables it to produce its first workers significantly earlier than P. fuscatus. P. dominulus enjoys other advantages over P.
fuscatus including higher per capita foraging rates, greater survivorship, lower
rates of parasitism by Strepsiptera, and lower conspecific usurpation pressures
(Gamboa et al. 2004).
Although P. dominulus appears to be replacing P. fuscatus in many urban
and rural areas, it’s unknown whether P. dominulus will completely displace P.
fuscatus throughout its range. Gamboa et al. (2004) and Liebert et al. (2006)
suggested that P. fuscatus may persist in certain habitats in which it might be
more competitive with P. dominulus. For example, P. fuscatus may be more
competitive with P. dominulus in less disturbed or forest habitats than in urban
and rural areas. Liebert et al. (2006) also suggested that P. fuscatus could
persist in the northern regions of its range if it was better able to tolerate colder
1
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temperatures during winter diapause than P. dominulus. There is presently,
however, no evidence to support these suggestions.
We designed our study to answer two questions. First, does habitat type
affect productivity in P. fuscatus and P. dominulus? Second, if there are productivity differences among different habitats in the two species, is there evidence
that P. fuscatus is more competitive with P. dominulus in a particular habitat?
The latter question bears directly on the question of whether P. fuscatus will be
completely replaced by P. dominulus.
METHODS
Our study was conducted in 2003, 2004, and 2005 at the Oakland University Preserve in Rochester, Michigan. The Preserve, which contains approximately 110 acres, consists primarily of a forest dominated by white, red, and
black oak trees (Larch and Sakai 1985). These overstory trees have a mean age
of approximately 125 years, and thus large areas of the Preserve have been
undisturbed for extensive periods of time (Larch and Sakai 1985). The Preserve
also contains several small (<5 acres) old fields, which consist primarily of
grasses (Poaceae), weedy, shade-intolerant woody plants, and various wildflowers (Larch and Sakai 1985).
Plywood wasp nestboxes (Judd 1988) were first placed at the Preserve in
1981, and Polistes spp. have annually occupied the nestboxes since then. Both P.
dominulus and P. fuscatus commonly nest in cavities such as pipes, electrical
boxes, bird boxes, mailboxes, etc., which are nest sites similar to our plywood
nestboxes. Nestboxes are located in three different habitats: the oak forest, the
interface between the forest and old fields (ecotone), and the old fields. Nestboxes
in the forest receive no direct sun, nestboxes in the ecotone receive either morning or afternoon sun, and nestboxes in the old fields receive both morning and
afternoon sun. Forest and old field nestboxes were located from 10 – 40 m into
the forest and 10 – 50 m into old fields, respectively. Ecotone nestboxes were in
the old fields within 2 m of the forest edge.
Foundresses of P. fuscatus and P. dominulus initiated colonies in the
nestboxes in mid- to late April. All foundresses were marked with Testors
enamels (Testors Corp.) for individual identification about three weeks after
nest initiation. We surveyed nestboxes weekly throughout the preworker phase
of the colony cycle and every two to three weeks during the postworker phase of
the colony cycle. During surveys, we recorded the species, number, and identities
of foundresses in each nestbox. After the end of the colony cycle when combs no
longer contained adults, we brought the nestboxes into a laboratory, removed
the combs from the nestboxes, and counted the number of cells and the number
of cells with meconia in each comb as an estimate of colony productivity. The
number of cells and the number of meconial cells, both of which are highly
positively correlated with the number of adults in a colony, have been commonly
used as estimates of colony productivity in Polistes (Gamboa et al. 2002, 2004).
In 2003, 2004, and 2005, there were 84 (35 P. fuscatus, 49 P. dominulus),
91 (47 P. fuscatus, 44 P. dominulus), and 81 (33 P. fuscatus, 48 P. dominulus)
colonies, respectively, in the nestboxes. In the late summers of 2002 and 2003,
we removed about a third and half of the P. dominulus colonies, respectively,
from the Preserve because we were concerned that we were losing our population
of P. fuscatus (see Liebert et al. 2006). In order to minimize uncontrolled variables that might affect colony productivity, we used the following matched comparisons for statistical analyses. To determine if habitat types affect productivity, we compared the productivity of a forest colony with the nearest conspecific ecotone colony and nearest conspecific old field colony that had the same
number of foundresses. To determine if the relative productivities of P. fuscatus
and P. dominulus differed among the three habitat types, we compared the
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productivity of a P. fuscatus colony with the nearest colony of P. dominulus that
was in the same habitat and had the same number of foundresses. Our use of
matched data sets controlled for both spatial proximity and foundress number
and, in heterospecific comparisons, habitat.
All statistical tests are two-tailed, and the sample size (N) is the maximum number of matched sets of colonies available for statistical analysis.
RESULTS
Both species of Polistes exhibited marked differences in colony productivity in different habitats. P. fuscatus displayed significant differences in productivity among the three habitats for mean number of cells (P = 0.0005) and mean
number of meconial cells (P = 0.022; Tables 1, 2). P. fuscatus colonies in the
forest habitat were significantly less productive than comparable conspecific
colonies in the ecotone and old field habitats (P < 0.01 for mean number of cells
and P < 0.02 for mean number of meconial cells). However, colonies of P. fuscatus
in the ecotone and old field habitats did not differ significantly (P > 0.05) in
either mean number of cells or mean number of meconial cells (Tables 1, 2).
Polistes dominulus also displayed significant differences in colony productivity among the three habitats for both mean number of cells (P = 0.003) and
mean number of cells with meconia (P = 0.015; Tables 1, 2). Colonies of P.
dominulus in the old field habitat were significantly more productive (P < 0.01
for mean number of cells, P < 0.02 for mean number of meconial cells) than
comparable conspecific colonies in ecotone and forest habitats (Tables 1, 2). P.
dominulus colonies in all three habitats differed significantly from each other in
mean number of meconial cells (P < 0.02) although forest and ecotone colonies
did not differ significantly in mean number of cells (P > 0.05; Tables 1, 2).
Polistes dominulus was significantly more productive than P. fuscatus in
all three habitats for both mean number of cells and mean number of meconial
cells (Table 3). Depending on the habitat, P. dominulus colonies had
productivities that were 2.29 to 4.2 times that of comparable colonies of P.
fuscatus (Table 3). Moreover, there was no evidence that P. fuscatus was more
competitive with P. dominulus in a particular habitat. The productivity ratios
of P. dominulus vs. P. fuscatus did not differ significantly among the three habitats for either mean number of cells (P = 0.87) or mean number of meconial cells
(P = 0.17, Kruskal Wallis tests for both comparisons).
Unexpectedly, P. dominulus colonies in the ecotone habitat (P = 0.024) and
in the old field habitat (P = 0.00015) had significantly higher proportions of their
cells that contained meconia than comparable colonies of P. fuscatus. In the forest
habitat, however, the two species had virtually identical proportions of cells with
meconia (Table 4). Thus, in the ecotone and old field habitats, P. fuscatus colonies
had significantly greater percentages of their cells that had not been used to
rear brood than comparable colonies of P. dominulus.
DISCUSSION
Our results indicate that habitat type had a pronounced effect on colony
productivity in both P. fuscatus and P. dominulus. More specifically, colonies in
oak forest habitats were significantly less productive than colonies in ecotone or
old field habitats. Colonies of P. dominulus were especially productive in old
field habitats.
Although our study was not designed to identify the specific environmental factors that contributed to the productivity differences in the three habitats,
we believe that the relative amount of sunlight (insolation) was likely a major
factor. In general, those habitats with the greatest insolation had the highest
colony productivities. Brood stadia in P. fuscatus are known to be affected by
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Table 1. Colony productivity (mean number of cells/colony ± SD) of the paper wasps
Polistes fuscatus and P. dominulus in three different habitats (forest, ecotone, and
old field). The sample size (N) is the number of matched sets of colonies.
Mean Number of Cells/Colony ± SD

P. fuscatus
P. dominulus

(Forest)

(Ecotone)

(Old Field)

N

59 ± 36a
122 ± 79a

99 ± 57b
156 ± 104a

108 ± 63b
264 ± 115b

22
20

P*
0.0005
0.003

*Friedman tests. Different letters within species denote significant differences in
productivity among different habitats (SNK tests, P < 0.01).

Table 2. Colony productivity (mean number of meconial cells/colony ± SD) of the
paper wasps Polistes fuscatus and P. dominulus in three different habitats (forest,
ecotone, and old field). The sample size (N) is the number of matched sets of
colonies.
Mean Number of Cells/Colony ± SD
(Forest)
P. fuscatus
P. dominulus

33 ± 23a
67 ± 56a

(Ecotone)

(Old Field)

58 ± 46b
104 ± 94b

61 ± 50b
203 ± 104c

N

P*

22
20

0.022
0.015

*Friedman tests. Different letters within species denote significant differences in
productivity among different habitats (SNK tests, P < 0.02).

35 ± 27

Mean No. of
Meconial Cells

80 ± 57

141 ± 78
0.003

0.0005

P*

51 ± 49

91 ± 59
159 ± 107 0.001

220 ± 117 0.001

(P. fuscatus) (P. dominulus) P*

Ecotone (N = 19)

56 ± 41

118 ± 76

235 ± 132

287 ± 133

(P. fuscatus) (P. dominulus)

Old Field (N = 24)

0.0001

0.0001

P*

0.46 ± 0.24

0.44 ± 0.18

Ecotone

Old Field

* Wilcoxon signed-ranks tests.

0.54 ± 0.17

0.76 ± 0.16

0.63 ± 0.26

0.54 ± 0.1

P. dominulus

24

19

16

N

0.00015

0.024

1.0

P*
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Forest

P. fuscatus

Table 4. Proportions of cells (mean ± SD) that contain meconia for colonies of P. fuscatus and P. dominulus in three different habitats
(forest, ecotone, and old field). The sample size (N) is the number of matched sets of colonies.

*Wilcoxon signed-ranks tests.

59 ± 34

Mean No.
of Cells

(P. fuscatus) (P. dominulus)

Forest (N = 16)

Table 3. Comparisons of colony productivity (mean number of cells and meconial cells ± SD) between the paper wasps Polistes fuscatus
and P. dominulus in three different habitats (forest, ecotone, and old field). The sample size (N) is the number of matched sets of P.
fuscatus and P. dominulus colonies.
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temperature (West Eberhard 1969, Klahn 1981), which almost certainly affects
colony productivity. Klahn (1981) reported that the amount of prey fed to larvae
also affects larval stadia and colony productivity. It may be that more open
habitats (e.g., old fields) provide Polistes colonies higher temperatures and
greater availability of insect prey than less open habitats.
We found that P. dominulus was significantly more productive than P.
fuscatus in all three habitats. Furthermore, we found no evidence that P. fuscatus
was more competitive with P. dominulus in any of the three habitats, including
the forest habitat. Thus, our data do not provide support for the suggestion that
P. fuscatus may be more competitive with P. dominulus in undisturbed or forest
habitats (Gamboa et al. 2004, Liebert et al. 2006).
One could argue that our nestboxes do not approximate natural nesting
conditions, including those in a forest habitat. In particular, our plywood
nestboxes contain a metal screen that excludes vertebrate predators. Natural
nests of Polistes, including nests attached to vegetation and in cavities, are
vulnerable to vertebrate predators. If P. dominulus colonies are more susceptible to vertebrate predation than colonies of P. fuscatus, P. fuscatus might enjoy
an advantage over P. dominulus in those habitats where it nests naturally and
is exposed to vertebrate predation. We believe this is unlikely. Silagi et al.
(2003), Gamboa et al. (2004), and Liebert et al. (2006) have provided evidence
that P. dominulus is actually less susceptible to predation by birds and mammals than P. fuscatus.
We cannot exclude the possibility that naturally nesting colonies of P.
fuscatus might have certain advantages over P. dominulus in some habitats and
persist in those habitats. With the possible exception of enhanced survivorship
during winter diapause, however, we are not aware of any behavioral, ecological,
or physiological attributes of P. fuscatus that would allow it to out-compete P.
dominulus and to persist in a habitat in which it is sympatric with P. dominulus.
Finally, it is not clear why P. fuscatus had such a large proportion of its
cells unused in ecotone and old field habitats when compared to P. dominulus. It
may be that queens of P. fuscatus were unable to lay eggs in many cells because
of their poorer physical condition. Queens of P. dominulus have been reported to
have a higher survivorship than queens of P. fuscatus (Gamboa et al. 2002). This
enhanced survivorship of P. dominulus queens has been attributed to their lack
of conspecific usurpation pressures and the tendency of P. dominulus, unlike P.
fuscatus, to maintain extensive stores of nectar in the comb (Silagi et al. 2003).
Nevertheless, the question of why combs of P. fuscatus had such large proportions of their cells unused merits further study.
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EFFECTS OF DIFFERENT HABITATS ON THE PRODUCTIVITY OF THE
NATIVE PAPER WASP POLISTES FUSCATUS AND THE INVASIVE,
EXOTIC PAPER WASP P. DOMINULUS (HYMENOPTERA: VESPIDAE)
George J. Gamboa1, Julie A. Austin1 and Kimberley M. Monnet1

ABSTRACT
We examined the colony productivities of the native paper wasp, Polistes
fuscatus (Fab.),(Hymenoptera: Vespidae), and the invasive, exotic paper wasp,
P. dominulus (Christ), in oak forest, oak forest-old field ecotone, and old field
habitats at the Oakland University Preserve in Rochester, Michigan from 2003
to 2005. Both species of paper wasps exhibited significant differences in colony
productivity among the three habitats. Generally, colonies were the most productive in the old field habitat and the least productive in the oak forest habitat.
Colonies of P. dominulus were significantly more productive than comparable colonies of P. fuscatus in all three habitats. There was no evidence that P.
fuscatus was more competitive with P. dominulus in any of the three habitats.
Thus, our results do not support the suggestion of Gamboa et al. (2004) and
Liebert et al. (2006) that P. fuscatus may be more competitive with P. dominulus
in less disturbed or forest habitats than in urban and rural habitats.
____________________
The invasive, European paper wasp, Polistes dominulus (Christ) (Hymenoptera: Vespidae), was first reported in the United States in 1978 (Eickwort
1978) and in Michigan in 1995 (Judd and Carpenter 1996). Since its introduction, P. dominulus has rapidly replaced the only native species of paper wasp,
Polistes fuscatus (F.), in many urban and rural areas of southeastern Michigan
(Gamboa et al. 2002). P. dominulus also appears to be at least partially supplanting P. fuscatus in Massachusetts (A. Liebert, pers. comm.), New York (E.
Tibbetts and N. Stamps, pers. comm.), and southern Ontario, Canada (G. Otis,
pers. comm.). P. dominulus is thought to be supplanting P. fuscatus by indirect
(exploitative) competition although the critical resources in this competition
are unknown (Gamboa et al. 2004). Gamboa et al. (2004) speculated that the
two species may be competing for nest sites.
Polistes dominulus is much more productive than P. fuscatus in urban
habitats: both single- and multiple-foundress colonies of P. dominulus are significantly larger than comparable colonies of P. fuscatus (Gamboa et al. 2004). A
major factor that contributes to the high productivity of P. dominulus is its short
larval and pupal stadia, which enables it to produce its first workers significantly earlier than P. fuscatus. P. dominulus enjoys other advantages over P.
fuscatus including higher per capita foraging rates, greater survivorship, lower
rates of parasitism by Strepsiptera, and lower conspecific usurpation pressures
(Gamboa et al. 2004).
Although P. dominulus appears to be replacing P. fuscatus in many urban
and rural areas, it’s unknown whether P. dominulus will completely displace P.
fuscatus throughout its range. Gamboa et al. (2004) and Liebert et al. (2006)
suggested that P. fuscatus may persist in certain habitats in which it might be
more competitive with P. dominulus. For example, P. fuscatus may be more
competitive with P. dominulus in less disturbed or forest habitats than in urban
and rural areas. Liebert et al. (2006) also suggested that P. fuscatus could
persist in the northern regions of its range if it was better able to tolerate colder
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temperatures during winter diapause than P. dominulus. There is presently,
however, no evidence to support these suggestions.
We designed our study to answer two questions. First, does habitat type
affect productivity in P. fuscatus and P. dominulus? Second, if there are productivity differences among different habitats in the two species, is there evidence
that P. fuscatus is more competitive with P. dominulus in a particular habitat?
The latter question bears directly on the question of whether P. fuscatus will be
completely replaced by P. dominulus.
METHODS
Our study was conducted in 2003, 2004, and 2005 at the Oakland University Preserve in Rochester, Michigan. The Preserve, which contains approximately 110 acres, consists primarily of a forest dominated by white, red, and
black oak trees (Larch and Sakai 1985). These overstory trees have a mean age
of approximately 125 years, and thus large areas of the Preserve have been
undisturbed for extensive periods of time (Larch and Sakai 1985). The Preserve
also contains several small (<5 acres) old fields, which consist primarily of
grasses (Poaceae), weedy, shade-intolerant woody plants, and various wildflowers (Larch and Sakai 1985).
Plywood wasp nestboxes (Judd 1988) were first placed at the Preserve in
1981, and Polistes spp. have annually occupied the nestboxes since then. Both P.
dominulus and P. fuscatus commonly nest in cavities such as pipes, electrical
boxes, bird boxes, mailboxes, etc., which are nest sites similar to our plywood
nestboxes. Nestboxes are located in three different habitats: the oak forest, the
interface between the forest and old fields (ecotone), and the old fields. Nestboxes
in the forest receive no direct sun, nestboxes in the ecotone receive either morning or afternoon sun, and nestboxes in the old fields receive both morning and
afternoon sun. Forest and old field nestboxes were located from 10 – 40 m into
the forest and 10 – 50 m into old fields, respectively. Ecotone nestboxes were in
the old fields within 2 m of the forest edge.
Foundresses of P. fuscatus and P. dominulus initiated colonies in the
nestboxes in mid- to late April. All foundresses were marked with Testors
enamels (Testors Corp.) for individual identification about three weeks after
nest initiation. We surveyed nestboxes weekly throughout the preworker phase
of the colony cycle and every two to three weeks during the postworker phase of
the colony cycle. During surveys, we recorded the species, number, and identities
of foundresses in each nestbox. After the end of the colony cycle when combs no
longer contained adults, we brought the nestboxes into a laboratory, removed
the combs from the nestboxes, and counted the number of cells and the number
of cells with meconia in each comb as an estimate of colony productivity. The
number of cells and the number of meconial cells, both of which are highly
positively correlated with the number of adults in a colony, have been commonly
used as estimates of colony productivity in Polistes (Gamboa et al. 2002, 2004).
In 2003, 2004, and 2005, there were 84 (35 P. fuscatus, 49 P. dominulus),
91 (47 P. fuscatus, 44 P. dominulus), and 81 (33 P. fuscatus, 48 P. dominulus)
colonies, respectively, in the nestboxes. In the late summers of 2002 and 2003,
we removed about a third and half of the P. dominulus colonies, respectively,
from the Preserve because we were concerned that we were losing our population
of P. fuscatus (see Liebert et al. 2006). In order to minimize uncontrolled variables that might affect colony productivity, we used the following matched comparisons for statistical analyses. To determine if habitat types affect productivity, we compared the productivity of a forest colony with the nearest conspecific ecotone colony and nearest conspecific old field colony that had the same
number of foundresses. To determine if the relative productivities of P. fuscatus
and P. dominulus differed among the three habitat types, we compared the
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productivity of a P. fuscatus colony with the nearest colony of P. dominulus that
was in the same habitat and had the same number of foundresses. Our use of
matched data sets controlled for both spatial proximity and foundress number
and, in heterospecific comparisons, habitat.
All statistical tests are two-tailed, and the sample size (N) is the maximum number of matched sets of colonies available for statistical analysis.
RESULTS
Both species of Polistes exhibited marked differences in colony productivity in different habitats. P. fuscatus displayed significant differences in productivity among the three habitats for mean number of cells (P = 0.0005) and mean
number of meconial cells (P = 0.022; Tables 1, 2). P. fuscatus colonies in the
forest habitat were significantly less productive than comparable conspecific
colonies in the ecotone and old field habitats (P < 0.01 for mean number of cells
and P < 0.02 for mean number of meconial cells). However, colonies of P. fuscatus
in the ecotone and old field habitats did not differ significantly (P > 0.05) in
either mean number of cells or mean number of meconial cells (Tables 1, 2).
Polistes dominulus also displayed significant differences in colony productivity among the three habitats for both mean number of cells (P = 0.003) and
mean number of cells with meconia (P = 0.015; Tables 1, 2). Colonies of P.
dominulus in the old field habitat were significantly more productive (P < 0.01
for mean number of cells, P < 0.02 for mean number of meconial cells) than
comparable conspecific colonies in ecotone and forest habitats (Tables 1, 2). P.
dominulus colonies in all three habitats differed significantly from each other in
mean number of meconial cells (P < 0.02) although forest and ecotone colonies
did not differ significantly in mean number of cells (P > 0.05; Tables 1, 2).
Polistes dominulus was significantly more productive than P. fuscatus in
all three habitats for both mean number of cells and mean number of meconial
cells (Table 3). Depending on the habitat, P. dominulus colonies had
productivities that were 2.29 to 4.2 times that of comparable colonies of P.
fuscatus (Table 3). Moreover, there was no evidence that P. fuscatus was more
competitive with P. dominulus in a particular habitat. The productivity ratios
of P. dominulus vs. P. fuscatus did not differ significantly among the three habitats for either mean number of cells (P = 0.87) or mean number of meconial cells
(P = 0.17, Kruskal Wallis tests for both comparisons).
Unexpectedly, P. dominulus colonies in the ecotone habitat (P = 0.024) and
in the old field habitat (P = 0.00015) had significantly higher proportions of their
cells that contained meconia than comparable colonies of P. fuscatus. In the forest
habitat, however, the two species had virtually identical proportions of cells with
meconia (Table 4). Thus, in the ecotone and old field habitats, P. fuscatus colonies
had significantly greater percentages of their cells that had not been used to
rear brood than comparable colonies of P. dominulus.
DISCUSSION
Our results indicate that habitat type had a pronounced effect on colony
productivity in both P. fuscatus and P. dominulus. More specifically, colonies in
oak forest habitats were significantly less productive than colonies in ecotone or
old field habitats. Colonies of P. dominulus were especially productive in old
field habitats.
Although our study was not designed to identify the specific environmental factors that contributed to the productivity differences in the three habitats,
we believe that the relative amount of sunlight (insolation) was likely a major
factor. In general, those habitats with the greatest insolation had the highest
colony productivities. Brood stadia in P. fuscatus are known to be affected by
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Table 1. Colony productivity (mean number of cells/colony ± SD) of the paper wasps
Polistes fuscatus and P. dominulus in three different habitats (forest, ecotone, and
old field). The sample size (N) is the number of matched sets of colonies.
Mean Number of Cells/Colony ± SD

P. fuscatus
P. dominulus

(Forest)

(Ecotone)

(Old Field)

N

59 ± 36a
122 ± 79a

99 ± 57b
156 ± 104a

108 ± 63b
264 ± 115b

22
20

P*
0.0005
0.003

*Friedman tests. Different letters within species denote significant differences in
productivity among different habitats (SNK tests, P < 0.01).

Table 2. Colony productivity (mean number of meconial cells/colony ± SD) of the
paper wasps Polistes fuscatus and P. dominulus in three different habitats (forest,
ecotone, and old field). The sample size (N) is the number of matched sets of
colonies.
Mean Number of Cells/Colony ± SD
(Forest)
P. fuscatus
P. dominulus

33 ± 23a
67 ± 56a

(Ecotone)

(Old Field)

58 ± 46b
104 ± 94b

61 ± 50b
203 ± 104c

N

P*

22
20

0.022
0.015

*Friedman tests. Different letters within species denote significant differences in
productivity among different habitats (SNK tests, P < 0.02).

35 ± 27

Mean No. of
Meconial Cells

80 ± 57

141 ± 78
0.003

0.0005

P*

51 ± 49

91 ± 59
159 ± 107 0.001

220 ± 117 0.001

(P. fuscatus) (P. dominulus) P*

Ecotone (N = 19)

56 ± 41

118 ± 76

235 ± 132

287 ± 133

(P. fuscatus) (P. dominulus)

Old Field (N = 24)

0.0001

0.0001

P*

0.46 ± 0.24

0.44 ± 0.18

Ecotone

Old Field

* Wilcoxon signed-ranks tests.

0.54 ± 0.17

0.76 ± 0.16

0.63 ± 0.26

0.54 ± 0.1

P. dominulus

24

19

16

N

0.00015

0.024

1.0

P*
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Forest

P. fuscatus

Table 4. Proportions of cells (mean ± SD) that contain meconia for colonies of P. fuscatus and P. dominulus in three different habitats
(forest, ecotone, and old field). The sample size (N) is the number of matched sets of colonies.

*Wilcoxon signed-ranks tests.

59 ± 34

Mean No.
of Cells

(P. fuscatus) (P. dominulus)

Forest (N = 16)

Table 3. Comparisons of colony productivity (mean number of cells and meconial cells ± SD) between the paper wasps Polistes fuscatus
and P. dominulus in three different habitats (forest, ecotone, and old field). The sample size (N) is the number of matched sets of P.
fuscatus and P. dominulus colonies.
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temperature (West Eberhard 1969, Klahn 1981), which almost certainly affects
colony productivity. Klahn (1981) reported that the amount of prey fed to larvae
also affects larval stadia and colony productivity. It may be that more open
habitats (e.g., old fields) provide Polistes colonies higher temperatures and
greater availability of insect prey than less open habitats.
We found that P. dominulus was significantly more productive than P.
fuscatus in all three habitats. Furthermore, we found no evidence that P. fuscatus
was more competitive with P. dominulus in any of the three habitats, including
the forest habitat. Thus, our data do not provide support for the suggestion that
P. fuscatus may be more competitive with P. dominulus in undisturbed or forest
habitats (Gamboa et al. 2004, Liebert et al. 2006).
One could argue that our nestboxes do not approximate natural nesting
conditions, including those in a forest habitat. In particular, our plywood
nestboxes contain a metal screen that excludes vertebrate predators. Natural
nests of Polistes, including nests attached to vegetation and in cavities, are
vulnerable to vertebrate predators. If P. dominulus colonies are more susceptible to vertebrate predation than colonies of P. fuscatus, P. fuscatus might enjoy
an advantage over P. dominulus in those habitats where it nests naturally and
is exposed to vertebrate predation. We believe this is unlikely. Silagi et al.
(2003), Gamboa et al. (2004), and Liebert et al. (2006) have provided evidence
that P. dominulus is actually less susceptible to predation by birds and mammals than P. fuscatus.
We cannot exclude the possibility that naturally nesting colonies of P.
fuscatus might have certain advantages over P. dominulus in some habitats and
persist in those habitats. With the possible exception of enhanced survivorship
during winter diapause, however, we are not aware of any behavioral, ecological,
or physiological attributes of P. fuscatus that would allow it to out-compete P.
dominulus and to persist in a habitat in which it is sympatric with P. dominulus.
Finally, it is not clear why P. fuscatus had such a large proportion of its
cells unused in ecotone and old field habitats when compared to P. dominulus. It
may be that queens of P. fuscatus were unable to lay eggs in many cells because
of their poorer physical condition. Queens of P. dominulus have been reported to
have a higher survivorship than queens of P. fuscatus (Gamboa et al. 2002). This
enhanced survivorship of P. dominulus queens has been attributed to their lack
of conspecific usurpation pressures and the tendency of P. dominulus, unlike P.
fuscatus, to maintain extensive stores of nectar in the comb (Silagi et al. 2003).
Nevertheless, the question of why combs of P. fuscatus had such large proportions of their cells unused merits further study.
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INDIAN MEAL MOTH SURVIVABILITY IN STORED CORN WITH
DIFFERENT LEVELS OF BROKEN KERNELS
Nalladurai Kaliyan1 , Mario A. Carrillo2 , R. Vance Morey1,
William F. Wilcke1, and Colleen A. Cannon3

ABSTRACT
Survivability of Indian meal moth, Plodia interpunctella (Hübner) (Lepidoptera: Pyralidae), larvae fed a standard laboratory diet and whole corn with 0,
5 to 7, and 100% broken corn kernels, was assessed under laboratory conditions
at 28oC, 65% relative humidity, and 14:10 h (L:D) photoperiod. A conventional
yellow dent corn hybrid (about 3.9% oil content, dry basis) and a high-oil corn
hybrid (about 7.7% oil content, dry basis) were tested. Survivability was measured as the percentage of pre-pupae, pupae, and adults observed at the end of
the rearing period. For the standard laboratory diet, a mean of 97.5% larvae
survived. Percentage of larval survival increased as the percentage of broken
corn increased. Mean percentages of larval survival for the conventional yellow
dent corn were 6.7, 63.8, and 80.0 for 0, 7, and 100% broken kernels, respectively.
The mean percentages of larval survival for the high-oil corn hybrid were 28.3,
81.3, and 100.0 for 0, 5, and 100% broken kernels, respectively. Larval growth
rate for high-oil corn was faster than for conventional corn. Results indicate that
cleaning corn before storage could reduce P. interpunctella problems.
____________________
Mechanical forces such as impaction, abrasion, shear, and compression on
grain during combine harvesting, high-temperature drying, and repeated handling can cause grain damage, broken grain, and grain dust. In corn, harvest and
post-harvest operations can create as low as 1 to 4% and as high as 15 to 50%
broken corn and foreign material (BCFM) (Paulsen and Nave 1980, Pierce and
Hanna 1985, Converse and Eckhoff 1989, Bern and Hurburgh 1992). Also, these
operations can result in 3 to 60% breakage susceptibility in corn (Pierce et al.
1991).
The presence of BCFM in corn can create many problems, and the important ones are: (1) BCFM leads to drop in grade and discount in market price
(FGIS 1999); (2) BCFM increases the cost of processing and should be removed
before wet or dry milling of corn (Watson and Ramstad 1987); (3) BCFM increases the airflow resistance of grain, which also increases fan power and cost
of electrical energy for drying and aeration (Grama et al. 1984). Also, high levels
of BCFM can result in non-uniform and inefficient grain cooling; (4) BCFM
supports mold growth (Sauer et al. 1992); and (5) BCFM supports insect activity (examples are given below). Localized accumulation of BCFM in grain bins
may lead to “hot-spots” where molds and insects grow readily (Flinn et al.
1992). To help reduce all of these problems, it is highly recommended that the
grain be cleaned before storage (Wilcke and Hellevang 1992, Jones and Shelton
1996, Croissant 1998). The current study will further illustrate the importance
of grain cleaning.
Insects that primarily feed on broken grain, grain dusts, grain debris, and
molds without entering whole kernels are defined as secondary pests (or external
Bioproducts and Biosystems Engineering Department, University of Minnesota,
1390 Eckles Avenue, St. Paul, MN 55108.
2
Department of Entomology, University of Minnesota, 1980 Folwell Avenue, St.
Paul, MN 55108.
3
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feeders). Secondary pests in stored corn include: rusty grain beetle, Cryptolestes
ferrugineus (Stephens),Coleoptera: Laemophloeidae; flat grain beetle, Cryptolestes
pusillus (Schönherr); confused flour beetle, Tribolium confusum (Jacq. du
Val),Tenebrionidae; red flour beetle, Tribolium castaneum (Herbst); sawtoothed
grain beetle, Oryzaephilus surinamensis (L.), Silvanidae; almond moth, Ephestia
cautella (Walker), Lepidoptera: Pyralidae; and Indian meal moth, Plodia
interpunctella (Hübner), Pyralidae, (Storey 1987). There have been only a few
studies assessing the effects of broken corn on the insect development, survival,
and fecundity. Development and progeny production of secondary beetles occurred more quickly in cracked and broken corn than in whole-kernel corn (Turney
1957, Throne and Culik 1989, Throne 1991). Also, higher insect survival and
progeny production in wheat containing broken kernels and dockage (i.e., nongrain foreign material) than in undamaged wheat have been reported (Sinha
1975, White 1982, Higgins 1987, Fleming 1988). Furthermore, broken kernels
and foreign material in grain also are known to affect the performance of grain
protectants and fumigation (Flinn et al. 1992).
Although P. interpunctella is a secondary pest, it is a globally-distributed
insect. This insect infests a wide variety of grain and grain products, nuts, dried
fruits and vegetables, and processed and packaged foods (Sedlacek et al. 1995).
In stored corn, P. interpunctella creates a variety of problems. Some of the
problems are (reviewed by Kaliyan et al. 2003): (1) larvae feed on kernel germ
which causes loss of germination, (2) larvae contaminate grain with silken webs
and frass which may increase the airflow resistance of grain, inhibit fumigation,
clog and damage equipment, and make grain unfit for human or animal consumption, and (3) larvae transmit spores of storage molds to grains. Several
studies have been conducted to determine the effect of corn variety on the growth
and survival of P. interpunctella with the goal of identifying resistant varieties
(Abdel-Rahman et al. 1968, Hockensmith et al. 1986, Mbata 1990). Lecato
(1976), Allotey and Goswami (1990), and Mbata (1990) attempted to show the
effect of broken corn on egg to adult development time and on survival of P.
interpunctella. However, in most of these studies, data on larval survival (or
mortality) were not reported. Larval survival data can be important to model
population dynamics of this species. The success of P. interpunctella population
growth in stored corn depends on larval survival because larvae are the only
feeding stages of P. interpunctella. Therefore, the objective of this study was to
determine the effect of broken corn on survival of P. interpunctella larvae in two
types of corn. Note that one of the corn hybrids tested has a high oil content - this
is a newer type of corn that was probably not evaluated in previous studies.
MATERIALS AND METHODS
Larval Diet Preparation
Four types of diets were used to assess P. interpunctella larval survivability. The first was the standard laboratory diet which consisted of wheat bran,
chick feed, corn meal, glycerol, honey, and water at a volumetric ratio of
30:20:10:6.5:1.5:1, respectively (Carrillo and Cannon 2005). The other three
types of diets were derived from a conventional yellow dent corn (cv. Northrup
King NK4242, 3.9% oil content, 14% moisture content) and a high-oil corn (cv.
Pioneer P37H97, 7.7% oil content, 13% moisture content). Oil contents (% dry
basis) were determined using a Near-Infrared Transmittance (NIRT) testing
machine. Moisture contents (% wet basis) of the corn samples were determined
by oven drying at 103oC for 72 h (ASAE Standards 2003a). Moisture contents
around 13-14% are within the range recommended for long-term storage of corn
(Cloud and Morey 1991). Although the moisture contents for the two corn samples
were not identical, we did not attempt to adjust the moisture contents because
the moisture values were close enough to one another that it would have been
difficult to accurately adjust the moisture level and accurately measure the
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adjusted moisture, and we wanted to avoid concerns that corn with artificially
adjusted moisture content may behave differently from unadjusted corn.
Both corn types were harvested and shelled in 1997, and were stored in a
–10oC freezer until used for the study. Upon removing corn samples from the
freezer, they were warmed to room temperature. Corn samples were cleaned to
remove BCFM by sieving with a round-hole sieve that had 4.8-mm (12/64-in.)
diameter openings. The cleaned conventional and high-oil corn still had 7 and
5% (by weight) broken kernels larger than 4.8-mm diameter, respectively. Therefore, cleaned corn with these small percentages of broken corn (5 or 7%) was used
as one type of diet for the P. interpunctella larval survivability test. Whole kernels of conventional and high-oil corn with 0% broken corn were handpicked and
used as another type of diet. The last type of diet used was 100% broken corn of
each type of corn. To obtain 100% broken corn samples, the cleaned corn was
ground using a laboratory hand-operated attrition mill. The ground corn was
sieved using the 4.8-mm diameter round-hole sieve, and the broken corn that
passed through the sieve was collected and used for the test.
Particle size of the diets containing 100% broken corn was determined
according to ASAE standard S319.3 (ASAE Standards 2003b). From the particle-size analysis, geometric mean diameter and geometric standard deviation
of the particles were estimated. In addition, QuickstixTM Strip Test (EnviroLogix
Inc., Portland, ME) was used to determine any potential presence of Bacillus
thuringiensis Berliner (Bt) endotoxin in the two corn varieties.
Insects and Larval Survivability Test
Laboratory-reared P. interpunctella larvae were obtained from a culture
initiated with Minnesota field-collected individuals maintained under laboratory conditions at 28 ± 1oC, 65 ± 5% relative humidity, and 14:10 h (L:D) photoperiod on standard laboratory diet for about one year. This temperature and
relative humidity are optimum conditions for the growth of P. interpunctella
(Howe 1965). The 14:10 h (L:D) photoperiod was used to avoid larval diapause
(Bell 1976). P. interpunctella larval survivability tests were conducted in an
environmental chamber (Percival Scientific, Inc., Perry, IA) maintained at the
above laboratory conditions. Plastic containers of 280-ml capacity were used for
rearing the larvae in the environmental chamber. For each diet, three to four
replications were conducted. Each container was filled with 40 g of diet and
twenty 0 to 24-h old P. interpunctella larvae. One roll of corrugated cardboard
(25-mm diameter and 30-mm height) was placed inside each container to provide pupation sites for the larvae. Containers were closed with a double-layer
lid. The top layer of the lid was a filter paper (Whatman Filter Paper) and the
bottom layer was a nylon screen. Nylon screens were used because preliminary
experiments showed that mature P. interpunctella larvae bored through the
filter paper and came out of the containers.
Larvae were reared in the chamber for 29 days. At the end of the rearing
period, containers were removed from the chamber to count live insects [prepupae (mature larvae), pupae, and adults]. Survivability of P. interpunctella
larvae in each diet was estimated as the percentage of initial larvae that molted
to the pre-pupa, pupa, and adult stages at the end of the rearing period.
Statistical Analysis
The percentage of larval survival at the end of the experiment on different
diets was analyzed in two ways. Initially, a one-way analysis of variance (ANOVA)
(PROC GLM, SAS Institute 2001) was used to test for differences in the arcsinesquare-root transformed proportion of larval survival between standard laboratory diet and diets containing 100% broken corn from the conventional and the
high-oil corn. Diet was the sole predictor in the ANOVA models. This comparison
was performed to determine any differences on the nutritional content of the diets
since they were readily available for larval consumption from the beginning of the
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experiment. Then, a one-way ANOVA (PROC GLM, SAS Institute 2001) was
used to test for differences in the arcsine-square-root transformed proportion of
larval survival among different percentages of broken corn within each corn
type. When significant differences were observed, Tukey’s Studentized Range
test (α = 0.05) was used for mean separation (SAS Institute 2001). Percentage of
broken corn was the only predictor in the ANOVA model. Statistical comparison for larval survival between corn types was not performed because of differences in initial moisture content between conventional (14% wet basis) and
high-oil corn (13% wet basis). Higher moisture contents have been reported to
result in higher larval survival (Abdel-Rahman et al. 1968).
RESULTS AND DISCUSSION
Effect of Broken Corn on Larval Survivability
Geometric mean diameter and geometric standard deviation for the broken corn of the conventional corn hybrid were 1.4 mm and 0.35, respectively.
Geometric mean diameter and geometric standard deviation for the broken corn
of the high-oil corn variety were 1.6 mm and 0.31, respectively. The results for
the Quickstix™ Strip Tests for the conventional and high-oil corn varieties were
negative indicating that the corn varieties used for the experiment did not contain Bt endotoxin.
Imura and Sinha (1986) reported that the total development period from
egg laying to adult emergence for P. interpunctella was 28.4 ± 1.5 days for females and 28.6 ± 1.3 days for males when P. interpunctella was reared on corn at
28oC, 65% relative humidity and 16:8 h (L:D) photoperiod. Therefore, it was
assumed that all initial larvae would advance to at least the pupal stage after
29 days of rearing at our experimental conditions. This assumption was found
to be satisfactory for most of the diets tested. However, it was difficult to determine a fixed length of time for the experiment because of high variations in the
larval developmental periods among diets. At the end of the rearing period
(30th day), the number of live insects [pre-pupae (mature larvae), pupae, and
adults] was counted to estimate the larval survival percentage in each diet.
Higher moisture contents have been reported to result in higher larval
survival (Abdel-Rahman et al. 1968). However, in the present study, conventional corn had higher moisture content but resulted in numerically lower larval
survival than that observed for high-oil corn (Table 1). This result suggests that
high oil content could increase larval survival during storage. Therefore, more
research is needed to understand the effect of oil content on larval survivability.
The mean percentage of survival of P. interpunctella larvae was statistically similar between the standard laboratory diet and diets containing 100%
broken corn from both conventional (F = 3.6; df = 1, 6; P = 0.1063) and high-oil
corn (F = 3.0; df = 1, 6; P = 0.1340) (Table 1). Our results also indicate that the
percentage of larval survival increased as the percentage of broken corn increased for both the conventional (F = 23.8; df = 2, 8; P = 0.0004) and high-oil corn
(F = 133.3; df = 2, 8; P < 0.0001). Since we observed 100% larval survival in many
tests, handling mortality of larvae can be considered to be negligible. The general trend for larval survival for the diets derived from the two types of corn was:
percentage larval survival on 100% broken corn > whole corn with 5 to 7% broken
corn > whole corn with 0% broken corn.
In general, first instars are unable to bore into whole kernels; therefore,
very few larvae survived on whole corn with 0% broken corn. The numerical
difference in larval survival on whole corn in the two corn varieties may be due to
difference in grain hardness (Abdel-Rahman et al. 1968) and/or oil content.
Hockensmith et al. (1986) reported that about 60% of P. interpunctella larvae
survived on three corn varieties when they were reared on whole corn with manually damaged germs at 27ºC. In the current study, we observed a lower larval
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Table 1. Percentage of larval survival of Plodia interpunctella fed different diets.
Larvae (0 to 24-h old) were reared at 28°C, 65% relative humidity, and 14:10 h (L:D)
photoperiod for 29 days.
Diet

na

Mean (%) ± SE

Conventional yellow dent corn
[cv. Northrup King NK4242, 3.9% oil content (dry basis)]b
Whole corn with 0% broken corn
3
6.7 ± 1.67a
Whole corn with 7% broken corn
4
63.8 ± 2.39b
100% broken corn
4
80.0 ± 7.36b
High-oil corn hybrid
[cv. Pioneer P37H97, 7.7% oil content (dry basis)]b
Whole corn with 0% broken corn
3
28.3 ± 7.26a
Whole corn with 5% broken corn
4
81.3 ± 2.39b
100% broken corn
4
100.0 ± 0.00c
Standard laboratory diet versus 100% broken cornc
Standard laboratory diet
4
97.5 ±1.44
100% broken corn (conventional)
4
80.0 ± 7.36
100% broken corn (high oil)
4
100.0 ± 0.00
Each replicate represents 20 P. interpunctella larvae.
Means within a corn type followed by similar lowercase letters are not significantly
different (P > 0.05).
c
Means between standard laboratory diet and 100% broken corn are not significantly different (P > 0.05). Statistical comparison for larval survival between corn
types was not proper because of differences in initial moisture content.
a
b

survival percentage (7 to 28%) on whole corn than that reported by Hockensmith
et al. (1986). This may be due to the fact that Hockensmith et al. (1986) used
germ-damaged corn kernels whereas in this study undamaged whole corn kernels were used. Also, Hockensmith et al. (1986) used different corn varieties
than those used for this study.
Results indicate that presence of even a small amount of broken corn (5 to
7%) increases survivability of P. interpunctella larvae by more than 50% compared to that of whole corn (Table 1). Therefore, cleaning corn before storage
might reduce P. interpunctella problems in stored corn. This also suggests that
cleaning corn could keep other secondary pests of stored corn under control.
Effect of Broken Corn on Larval Growth Rate
The effect of corn type on the growth rate of P. interpunctella (from egg to
adult) has been reported in many studies (Abdel-Rahman et al. 1968,
Hockensmith et al. 1986, Mbata 1990). Mbata (1990) observed faster growth
rate of P. interpunctella (from egg to adult) on broken corn than whole corn in 13
corn hybrids. From the present study, growth rates of P. interpunctella larvae
reared on standard laboratory diet, conventional corn (with 0, 7 and 100% broken corn), and high-oil corn (with 0, 5 and 100% broken corn) are presented in
Table 2. Among the tested diets, only on the standard laboratory diet did 100%
of the initial larvae molt to the subsequent life stages (pupa and adult). In
addition, slowest larval growth was observed on whole, conventional corn with
0% broken corn, where no pupae or adults were observed. No adults were observed for any of the diets derived from the conventional corn. Conversely, a

b

a

Each replicate was initiated with 20 P. interpunctella larvae.
Mature larvae (fourth or fifth instars) were counted as pre-pupae.

27.8 ± 14.70
33.8 ± 2.59
55.0 ± 6.12

75.5 ± 4.12

Mean (%) ± SE
Pupa

High-oil corn hybrid
[cv. Pioneer P37H97, 7.7 % oil content (dry basis)]
Whole corn with 0% broken corn
3
41.6 ± 17.37
Whole corn with 5% broken corn
4
24.5 ± 5.52
100% broken corn
4
3.8 ± 2.39

0.0 ± 0.0

Pre-pupab

0.0 ± 0.0
27.2 ± 7.40
12.3 ± 4.19

4

na

Conventional yellow dent corn
[cv. Northrup King NK4242, 3.9 % oil content (dry basis)]
Whole corn with 0% broken corn
3
100.0 ± 0.0
Whole corn with 7% broken corn
4
72.8 ± 7.40
100% broken corn
4
87.7 ± 4.19

Standard laboratory diet

Diet

30.6 ± 2.78
41.8 ± 6.62
41.3 ± 8.26

0.0 ± 0.0
0.0 ± 0.0
0.0 ± 0.0

24.5 ± 4.12

Adult

Table 2. Percentage of Plodia interpunctella individuals in different life stages. Larvae (0 to 24-h old) were reared at 28oC, 65% relative
humidity, and 14:10 h (L:D) photoperiod for 29 days.
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mixture of pre-pupae (mature larvae), pupae, and adults were observed in all of
the diets derived from the high-oil corn. Therefore, larval growth rate in high-oil
corn was greater than in conventional corn. Differences in larval growth rates
between these two types of corn may be due to differences in nutritional qualities. This suggests that P. interpunctella problems in high-oil corn might be
greater than in conventional corn (based on growth rate) if corn was held in
storage for extended intervals. However, experiments on the fecundity and fertility of P. interpunctella fed conventional and high-oil corn should be conducted
to further support the above conclusion.
Our results show that providing a small percentage of broken corn will
increase larval survival and accelerate growth rate. Therefore, cleaning corn to
remove broken kernels before storage might reduce problems of P. interpunctella
in stored corn. The larval survival data reported in the present study could be
useful for modeling population dynamics of P. interpunctella in stored corn. Furthermore, a larval growth rate model developed for P. interpunctella reared on a
standard laboratory diet might not accurately predict larval growth rate on
stored corn.
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EVALUATION OF LUCERNE COVER CROP FOR IMPROVING
BIOLOGICAL CONTROL OF LYONETIA CLERKELLA
(LEPIDOPTERA: LYONETIIDAE) BY MEANS OF AUGMENTING
ITS PREDATORS IN PEACH ORCHARDS
Jie Dong1,2, Xiaoyun Wu1, Changxin Xu1, Qingwen Zhang1*, Xiaohua Jin2,
Jianyun Ding2, Sufeng Liu3, Yongxiang Wang3

ABSTRACT
The impact of cover crop manipulation on reducing reliance upon insecticides to control Lyonetia clerkella (L.) (Lepidoptera: Lyonetiidae), a major insect
pest on peach trees, was assessed in two-year field experiments in China. Studies were conducted in three peach orchards, each with four treatments. The
treatments were lucerne cover crop (L), lucerne cover crop plus limited applications of chlorbenzuron on the trees (L+L), natural ground vegetation (NG), and
natural ground vegetation plus conventional applications of chlorbenzuron
(NG+C). Densities of L. clerkella and predators were assessed for all treatments. L. clerkella densities were significantly lower in the two insecticide treatments (L+L, NG+C) than densities in the two treatments without insecticide
applied (L, NG) in both 2003 and 2004. Densities of L. clerkella in the L+L
treatment were significantly lower than densities in the NG+C treatment. Annual abundance of L. clerkella was also significantly lower in the L treatment
than in the NG treatment, indicating that Lucerne ground cover led to reduced L.
clerkella abundance. Predator densities in both the ground vegetation and tree
canopy were significantly higher in the two lucerne-sown treatments (L, L+L)
than in the two natural ground vegetation treatments (NG, NG+C). We conclude
that decreased L. clerkella abundance in the lucerne-sown treatments was mainly
due to an increase in predator densities. Spiders were the dominant predators
and Thomisidae (hunting spiders) was the most important family. The results
indicate that maintaining lucerne ground cover can attract and propagate beneficial arthropods, which in turn may lead to decreased reliance on insecticides.
____________________
Peach production in China has risen rapidly in recent years; however, yields
are influenced by insect pests, with the peach leafminer, Lyonetia clerkella (L.)
(Lepidoptera: Lyonetiidae), being one of the major insect pests in commercial
peach orchards. L. clerkella is a multivoltine species that has three stadia. Females insert single eggs into leaves. After hatching, larvae penetrate into the
mesophyll and form spiral mines in the upper half of the leaves; thereafter, they
form serpentine and/or linear mines as they grow. Mature third instars leave
their mines and pupate in silken cocoons under the leaves or on the trunks (Adachi
2002). The leafminer has 6 generations per year in Beijing. The pest is particularly destructive and has the potential to destroy entire leaves and cause heavy
defoliation prior to harvest if not controlled (Wang et al. 1999, Yang et al. 2000).
In commercial peach orchards in China, the common strategy for controlling L. clerkella is to spray insecticides after eggs hatch. However, it is difficult
to time sprays accurately because L. clerkella generations overlap extensively.
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Moreover, intensive spraying of insecticides is not economically viable and may
lead to the development of resistance. Therefore, improved control strategies
are being sought, including cover crop manipulation.
Cover crop manipulation is one tactic of integrated pest management
(IPM) practices used to enhance beneficial arthropod numbers in agroecosystems
(Ali and Reagan 1985, Altieri and Schmidt 1985, Nentwig 1988, House and
Alzugaray 1989, Bugg and Waddington 1994). This method, which includes
temporary ground cover planting and mixed hedgerow planting, emphasizes use
of plant species likely to be used as reservoirs of predators and parasitoids.
Cover crops tend to preserve or increase plant diversity and favor natural antagonists of pests, thus, it is a method of biological control (Altieri and
Letourneau 1982).
Ground cover crops in orchards have proved useful in enriching natural
enemies of insect pests, as shown in a number of studies (Muma 1961; Stern et
al. 1969; Koptur 1979; Altieri and Letourneau 1982; Banerjee 1983; Fye 1983;
Altieri and Schmidt 1985, 1986; Andow et al. 1986; Rusell 1989; Bugg and
Dutcher 1989; Bugg et al. 1989; Bugg and Ellis 1990; Tao and Luo 1992; Haley
and Hogue 1990; Wyss 1996; Du and Yan 1998; Rieux et al. 1999). Many studies
have indicated that orchards with rich floral vegetation exhibit a significantly
lower incidence of insect pests than clean cultivated orchards, mainly because of
an increased abundance of predators and parasitoids (Leius 1967, Haynes 1980,
Liang and Huang 1994, Wyss 1995, Wyss et al. 1995). Thus, cover crops possibly
could enhance L. clerkella management in peach orchards.
Lucerne (Medicago sativa L.) has been suggested as an ideal refuge habitat in IPM programs because it harbors high numbers of beneficial arthropods
(Pearce and Zalucki 2005). The role of lucerne in managing insect pests in cotton
fields (Mensah 1997, 1999, 2002a, b; Zhang et al. 2000; Lin et al. 2003) and
apple orchards (Shi 1988, Yan et al. 1997, Yu and Yan 1998) has been investigated. However, the effects of lucerne on L. clerkella and its predators in peach
orchards have not been studied.
The objectives of this study were (1) to investigate whether lucerne cover
enhances populations of beneficial predators, leading to reduced L. clerkella
density; and (2) to assess whether cover crops can allow reduced reliance upon
insecticides for L. clerkella control.
MATERIALS AND METHODS
Study orchards. Experiments were conducted in three peach orchards at
Pinggu (117°06’E; 40°09’N), Beijing, China in both 2003 and 2004. The three
orchards, owned by cooperating growers, are located at similar altitudes and have
similar environmental characteristics. One or two sides of each orchard bordered
crop fields; otherwise they were surrounded by other peach orchards. Factors such
as slope and soil condition were homogenous over the three orchards. The orchards
were all approximately 1 ha in size, and were located within 2 km of one another.
The predominant peach variety in the orchards was Dajiubao. Trees were 5-6
years old and 2.5-3 m in height with a spacing of 3 – 5 m between trees. The three
orchards were treated similarly with a conventional pest management program
before 2003. The conventionall program included three to four aphid (Hemiptera:
Aphididae) cover sprays, six to eight summer fruit tortrix moth, Adoxophyes orana
F.R. and Pandemis heparana Schiff (Lepidoptera: Tortricidae), cover sprays, and
seven to ten leafminer, L. clerkella, cover sprays per season in addition to sprays
for secondary pests (e.g., mites, scale insects).
Treatments. Each orchard was divided into four discrete experimental
plots, corresponding to the four treatments: lucerne cover crop (designated L),
lucerne cover crop plus limited applications of chlorbenzuron on the trees (designated L+L), natural ground vegetation (designated NG), and natural ground
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vegetation plus conventional applications of chlorbenzuron (designated NG+C).
Treatments were randomly assigned to plots. The plots were parallel to each
other and were separated by 10-m wide strips of bare ground. Each plot consisted of approximately 130 trees. Lucerne seeds were sown between rows in
May 2002. In the natural ground vegetation plots, Hemistepta lyrata Bunge,
Amaranthus retroflexus L., Setaria viridis (L.) Beauv., Digitaria sanguinalis (L.)
Scop. and Humulus scandens (Lour.) Merr. were the dominant grass species and
ground vegetation. Nomenclature for all plant species follows Li (1988). The
vegetation in all plots was mowed twice a year. No insecticide was applied in L
and NG during the experiment period. The other two treatments received limited
(L+L) or conventional (NG+C) applications of chlorbenzuron (Ejuemie, 25%
chlorbenzuron, Huizhou Zhongxun Chemical Co. Ltd., Guangdong, China) sprayed
at a label rate of 0.8 - 1.0 L/ha to control L. clerkella (Table 1). Moreover, in the two
years, L+L and NG+C received three applications of imidacloprid (Pushiya, 10%
imidacloprid, Jingpeng Biological Pharmaceutical Co. Ltd., Shandong, China)
sprayed at a label rate of 0.2 - 0.3 kg/ha to control aphids and seven applications
of chlorpyrifos (Gaoti, 40% chlorpyrifos, Huizhou Zhongxun Chemical Co. Ltd.,
Guangdong, China) sprayed at a label rate of 1.3 - 1.6 L/ha to control summer fruit
tortrix moths. All three orchards received conventional fungicide sprays during
the experiments including Jide (45% lime sulfur, Shuangji Chemical Co. Ltd.,
Hebei, China) sprayed at a label rate of 6 kg/ha once a year before sprouting,
Bideli (80% Mancozeb, Shuangji Chemical Co. Ltd., Hebei, China) sprayed at a
label rate of 6 kg/ha two to three times a year, and Junlimie (1.5%
Benziothiazolinone, Xidahuate Technology Co. Ltd., Shanxi, China) sprayed at a
label rate of 0.1 L/ha two to three times a year.
Sampling. Adults of L. clerkella were monitored using synthetic sex pheromone. The pheromone lures consisted of the synthetic sex pheromone 14-methyl-1-octadecane impregnated into a rubber septum and were supplied by the
Institute of Zoology, Chinese Academy of Science Plastic basins (24 cm in diameter and 16 cm in height) were used as water traps. Water containing washing
powder, to reduce surface tension, was placed in each basin trap to a depth of 8
cm and the pheromone lure was suspended 1 cm above the water surface. Five
basin traps were deployed in each plot and each trap was set up at mid-canopy
height. Traps were checked twice per week from 12 March to 29 October in 2003
and 2004. L. clerkella captured in traps were counted and removed following
each observational period. We replaced pheromone lures every month, and added
water to the traps frequently.
Predators in the ground vegetation were sampled with a sweep net (34 cm
in diameter). Thirty 180°sweeps were taken per sample while walking a circuitous route through plots. Net contents were transferred to glass bottles and
stored in 70% ethanol. Specimens were identified and counted in the laboratory.
Samples were collected twice per month from 19 March to 25 October in 2004.
Predators in the trees were sampled by beating net and visual observations. A conical 60 mesh net (56 cm in diameter and 50 cm in height) was used for
sampling. Thirty trees were chosen randomly in each plot, and on each tree five
limbs (1-2 m above ground) were chosen at random from the eastern, western,
northern, southern and middle parts. The net was held beneath the limb, and the
limb was struck sharply three times with a stick. Dislodged leafminers and predators were transferred to glass bottles and preserved in 70% ethanol. Different
trees were sampled on each sample date. Samples were collected twice per month
from 14 March to 24 October in 2004. Visual observations were also made on
thirty randomly selected trees in each plot twice per month from 10 March to 23
October in 2004. Tree canopies were divided into eastern, western, northern, southern and middle portions, and each portion was divided into upper, middle and
lower positions. On each sampling day, one limb was sampled at random from
each portion and position. Leafminers and predators were recorded in absolute
numbers per tree, and identified to family, genus or species (as far as possible).
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Table 1. Insecticide sprays for control of L. clerkella in pesticide-treated plots in 2003
and 2004.
Year

Insecticide

2003

25% Chlorbenzuron1

2004

25% Chlorbenzuron

Dose
(L /ha )
0.8
1
1
1
1
1
1
1
0.8
1
1
1
1
1
1
1

L+L

Spray date

15 May
7 June
15 August
15 September

13 May
8 June
4 July
10 September

NG+C

15 May
5 June
2 July
3 August
15 August
5 September
16 September
28 September
13 May
8 June
3 July
16 July
5 August
22 August
10 September
24 September

Chlorbenzuron (Ejuemie, 25% chlorbenzuron, Huizhou Zhongxun Chemical Co.
Ltd., Guangdong, China) was sprayed at a label rate of 0.8 - 1.0 L/ha.
1

Identification. The predators of L. clerkella in peach orchards include
primarily green lacewings and spiders (Wang et al. 1999). In this study,
green lacewing adults were identified to species; larvae and eggs were categorized only to the family Chrysopidae. The majority of spiders (93%, n=7693)
were identified to family, although some common spiders were identified to
species (e. g., Misumenops tricuspidatus (Fabricius), Xysticus ephippiatus
Simon, Erigonidium graminicolum (Sundevall), and Araneus cornutus (Clerck).
Other species, belonging to well-characterized taxa that had very similar
biologies, were identified to genus (e.g., Tetragnatha, Pardosa, Philodromus
and Plexippus).
Prey capture strategies in spiders are diverse (Nyffeler et al. 1994) and
previous studies have noted differences in spider fauna in sprayed and unsprayed
orchards based on prey capture strategy (Specht and Dondale 1960; Mansour et
al. 1980; Bostanian et al. 1984; Wisniewska and Prokopy 1997). For some analyses of beating net, visual observation and sweep net samples in different treatments, we separated spiders into two guilds based upon hunting strategy
(Nyffeler and Sunderland 2003): active hunters and web-builders.
Statistical analysis. The univariate ANOVA to assess treatment effects
and correlation analysis between L. clerkella and its predators were performed
using the SPSS statistical package (SPSS 1998). Following a significant ANOVA,
treatment means were separated using the LSD test at P = 0.05.
RESULTS
Seasonal trends in L. clerkella counts. Figure 1 shows both 2003 and
2004 seasonal trap catch and mean annual catch of L. clerkella in pheromonebaited water traps in peach orchards treated with lucerne cover crop, lucerne
cover crop plus limited applications of chlorbenzuron, natural ground vegetation, and natural ground vegetation plus conventional applications of
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chlorbenzuron. There were six generations of L. clerkella, although patterns in
trap catch were different between the two years. The annual catch of L. clerkella
adults in the two insecticide treatments (L+L, NG+C) was significantly lower
than catch in the treatments that had no insecticide applied (L, NG) in both
years (P ≤ 0.05) (Fig. 1). Moreover, the annual catch of L. clerkella in the L+L
treatment was significantly lower than catch in the NG+C treatment (P ≤ 0.05),
and the mean catch in the L treatment was significantly lower than catch in the
NG treatment (P ≤ 0.05) in both years (Fig. 1).
Data for visual observations and beating net samples are shown in figures
2 and 3. Compared with the NG+C treatment, the L+L treatment also had lower
L. clerkella abundance. Similarly, L. clerkella abundance was significantly lower
in the L treatment compared to the NG treatment (Figs. 2 and 3).
Seasonal trends of predator densities. There were large differences
among treatments in vegetation predators (Figs. 3 and 4). Predator densities
in cover crops in the two lucerne-sown treatments (L, L+L) were very low before
July, and increased rapidly and remained at a high level until mid-October
(Fig. 4). There was no significant difference in predator numbers (P ≥ 0.05)
between the L and L+L treatments (Fig. 3). In the two natural ground vegetation treatments (NG, NG+C), predator densities were relatively low and did
not show distinct peaks throughout the sampling period (Fig. 4). On most
sampling days, predator densities in the two lucerne-sown treatments were
significantly higher than densities in the two natural ground vegetation treatments (P ≤ 0.05) (Fig. 4). Annual abundance of predators in the L and L+L
treatments were also significantly higher than in the NG and NG+C treatments (P ≤ 0.05) (Fig. 3).
Data for visual observations and beating net samples are shown in figures
2 and 3. On most sampling days, due to insecticide use for control of aphids and
summer fruit tortrix moths, predator densities in the lucerne cover + limited
chlorbenzuron (L+L) plots were significantly lower than densities in the insecticide-free lucerne plots (L) (P ≤ 0.05) (Fig. 2B, D). However, annual abundance in
the L+L treatment was still significantly higher in comparison to densities seen
in the natural ground vegetation treatment which had no insecticide applications (NG) (P ≤ 0.05) (Fig. 3). Predator densities in the NG+C treatment were
lower than densities in all other treatments (Figs. 2B, 2D, 3).
In 2004, the first predators of L. clerkella were recorded in mid-April (Figs.
2B, D). By then, L. clerkella adults had been active for three weeks. Maximal
abundance of predators corresponded to peak counts of L. clerkella. Generally, a
strong positive correlation was shown between visual counts of L. clerkella and its
predators (L, r = 0.74, P ≤ 0.05; L+L, r = 0.80, P ≤ 0.001; NG, r = 0.70, P ≤ 0.05;
NG+C, r = 0.66, P ≤ 0.05) and between counts obtained by beating net (L,
r = 0.71, P ≤ 0.05; L+L, r = 0.72, P ≤ 0.05; NG, r = 0.70, P ≤ 0.05; NG+C, r = 0.56,
P ≤ 0.05) (Fig. 2).
Effects of treatment on the spider fauna. Spiders were the dominant
predator taxon in both the ground vegetation (sweep net samples, ≥ 94% of
predators) and tree canopy (visual observations, ≥ 90% of predators; beating
net samples, ≥ 91% of predators). Three characteristics in annual abundance of
spiders were discerned among the four treatments, as shown in figures 5 and 6.
First, hunting spiders (Thomisidae, Salticidae, Philodromidae) were dominant
in both the cover crop (sweep net samples, ≥ 78%) and tree (visual observations,
≥ 84%; beating net samples, ≥ 81 %) spider communities. Second, spider densities in the two lucerne-sown treatments were significantly higher than in the
two natural ground vegetation treatments in both the ground vegetation and
tree canopy, irrespective of whether insecticide was applied. Third, although
insecticide was used in the L+L treatment, spider density in the trees was still
significantly higher in that treatment than in the NG treatment (P ≤ 0.05).
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Figure 1. Seasonal trap catch of L. clerkella and mean (± SE) annual catch (inset) in
2003 and 2004 in three peach orchards treated with lucerne cover crop (designated L),
lucerne cover crop plus limited applications of chlorbenzuron on the trees (designated
L+L), natural ground vegetation (designated NG), and natural ground vegetation plus
conventional applications of chlorbenzuron (designated NG+C). Means are based on
the combined data from three orchards. Annual means having different letters are
significantly different (P ≤ 0.05, LSD test).

Thomisidae was the most abundant spider taxon in both the ground vegetation and tree canopy (Fig. 6). This Family accounted for 65-76% of total
sweep-net-captured spiders in ground vegetation, and 68-80% of the total spiders sampled by visual observations and 66-81% sampled by beating net in the
tree canopy in all treatments (Figure 6). In the family Thomisidae, the most
abundant species was Misumenops tricuspidatus (Fabricius) followed by Xysticus
ephippiatus Simon. Web-builders were represented mainly by Linyphiidae and
Araneidae, and accounted for less than 20% of spiders (Fig. 6). Erigonidium
graminicolum (Sundevall) and Araneus cornutus (Clerck) were the most abundant species.
DISCUSSION
Predator density in the lucerne cover crops was significantly higher than
that in natural ground vegetation. This observation suggests that Lucerne could
be a useful cover crop as a part of an integrated pest management (IPM) program (see also Zhang et al. 2000; Mensah 1997, 1999, 2002a, b; Du and Yan
1998). The number of predators collected in trees growing in orchard plots with
lucerne cover crop was also significantly higher than that sampled in trees
growing in orchard plots with natural ground vegetation. This can be interpreted as evidence that the Lucerne cover crop led to increased densities of
predators in the tree canopy. These results are in agreement with other research
results (Yan and Duan 1986, 1988; Yan et al. 1997; Yu and Yan 1998).
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Figure 2. Counts of L. clerkella and predators in 2004 in the trees of three peach
orchards treated with lucerne cover crop (designated L), lucerne cover crop plus limited
applications of chlorbenzuron on the trees (designated L+L), natural ground vegetation
(designated NG), and natural ground vegetation plus conventional applications of
chlorbenzuron (designated NG+C). L. clerkella adults (A, visual observation; C, beating
net), predators (B, visual observation, D, beating net). Means (± SE) are based on
combined data for the three orchards.

Apparently due to insecticide use for control of aphids and summer fruit
tortrix moths, predator density in the tree canopy in the L+L treatment was
significantly lower than that in the L treatment, although there was no significant difference in predator abundance in the ground vegetation between the two
treatments. Significantly more predators were captured in trees in the L+L
treatment than in trees in the insecticide-free natural ground vegetation plots.
This result may be attributed to the direct effects of the Lucerne cover crop.
In the two natural ground vegetation treatments, predator densities in
ground vegetation were relatively low and did not show any distinct peaks throughout the sampling period. However, the abundance of predators in the tree canopy
did fluctuate seasonally, and showed distinct peaks. Predaceous insects in the
tree canopy had their maximal abundance at approximately the same time as
peak L. clerkella counts were seen. Indeed, correlation analysis indicated that
predator densities significantly coincided with L. clerkella densities not only in
Lucerne sown treatments but also in natural ground vegetation treatments.
In peach orchards in Beijing, green lacewings and spiders are the main
predators of L. clerkella (Wang et al. 1999). In our experiments, spiders were
dominant in both the ground vegetation and tree canopy (see also Yan and Wang
1991). Spider density in the lucerne cover crop was significantly higher than
that in natural ground vegetation. This confirms that lucerne provides a better
habitat for attracting and propagating spiders than does natural ground vegetation. Spider densities in the tree canopy in Lucerne-sown treatments were
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Figure 3. Mean annual abundance (±SE) in 2004 of L. clerkella and predators in
three peach orchards treated with lucerne cover crop (designated L), lucerne cover
crop plus limited applications of chlorbenzuron on the trees (designated L+L),
natural ground vegetation (designated NG), and natural ground vegetation plus
conventional applications of chlorbenzuron (designated NG+C) (visual observations
and beating net). Means (± SE) are based on the combined data for the three
orchards. For each sampling method, means not having the same letter are
significantly different (P ≤ 0.05, LSD test).
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Figure 4. Predator counts in 2004 in cover crops of three peach orchards treated
with lucerne cover crop (designated L), lucerne cover crop plus limited applications
of chlorbenzuron on the trees (designated L+L), natural ground vegetation
(designated NG), and natural ground vegetation plus conventional applications of
chlorbenzuron (designated NG+C). Means (± SE) are based on combined data for
the three orchards.

also significantly higher than those in natural ground vegetation treatments.
Moreover, few species were exclusive inhabitants of the trees or the ground cover
crops, and most occurred in both habitats, although many showed a preference
for one or the other. This observation may indicate that there is movement
between the two habitats (Miliczky et al. 2000).
Spider density in the tree canopy was significantly lower in the L+L treatment than in the L treatment. Similar results were shown between the NG+C
and NG treatments. Although insect growth regulators (e.g., chlorbenzuron) do
not harm spiders (Komorek et al. 2000), organophosphates (e.g.,chlorpyrifos)
may induce moderate to high mortality rates (Komorek et al. 2000, Pekár 2002).
Without exception, spider densities were lower where synthetic, broad-spectrum insecticides wereused compared to treatments receiving little or none
(Chant 1956, Legner and Oatman 1964, Mansour et al. 1980, McCaffrey and
Horsburgh 1980, Bostanian et al. 1984, Madsen and Madsen 1982, Miliczky et
al. 2000, Pekár and Kocourek 2004).
In 2003, trap catch of L. clerkella in the L treatment was significantly
lower than catch in the NG treatment (Fig. 1). In 2004, the other sampling
methods (beating net, visual observations) also showed significant differences
in L. clerkella counts between the two treatments (Figs. 1, 2A, 2C, 3). The earlier
discussion suggested that the difference in L. clerkella abundance was caused by
augmentation of its predators. We cannot totally exclude the parasitoids of L.
clerkella. Adachi (1998) first identified 19 parasitoids of L. clerkella, which
belong to the families Eulophidae, Pteromalidae, and Braconidae. In the present
study, annual abundance of parasitoids belonging to these three families was
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Figure 5. Mean annual abundance (± SE) in 2004 of spiders in three peach orchards
treated with lucerne cover crop (designated L), lucerne cover crop plus limited
applications of chlorbenzuron on the trees (designated L+L), natural ground
vegetation (designated NG), and natural ground vegetation plus conventional
applications of chlorbenzuron (designated NG+C). (A) cover crops (sweep net); (B)
trees (visual observation); (C) trees (beating net). Means are based on the combined
data for the three orchards. For each set of 4 bars, means not having the same
letter are significantly different (P ≤ 0.05, LSD test).
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Figure 6. Family composition of the spider community in 2004 in three peach
orchards treated with lucerne cover crop (designated L), lucerne cover crop plus
limited applications of chlorbenzuron on the trees (designated L+L), natural ground
vegetation (designated NG), and natural ground vegetation plus conventional
applications of chlorbenzuron (designated NG+C). (A) cover crops (sweep net); (B)
trees (visual observation); (C) trees (beating net). Values are based on combined
data for the three orchards. Numbers beside each bar indicate total number
captured.

2005

THE GREAT LAKES ENTOMOLOGIST

197

also significantly higher in L than in NG in both the ground vegetation (sweep
net samples, P ≤ 0.05) and tree canopy (beating net samples, P ≤ 0.05) (data
not shown). Overall, natural enemies eventually caused a decrease in L. clerkella
abundance.
Limited applications of chlorbenzuron for control of L. clerkella in the L+L
treatment, despite the reduced number of applications, did not result in increased population density. In contrast, L. clerkella density in the L+L treatment was lower than density in the NG+C treatment, despite intensive applications of chlorbenzuron in the latter treatment (Figs. 1, 2A, 2C, 3). This result
suggests that the lucerne ground cover was an effective substitute for some
insecticide applications in controlling L. clerkella.
In summary, it can be concluded that planting lucerne in peach orchards
can improve the ecological environment by increasing the diversity of bio-resources and of the arthropod community. Ground cover is an effective habitat for
natural enemies, with the numbers of species and individuals being greater
than in the peach canopy. Moreover, natural enemies appear to migrate from
ground cover plants to the tree canopy. Maintaining ground cover can reduce
insecticide use and is an important and effective technique for integrated management of L. clerkella. Further research and experimentation are needed to
assess the effects of cover crop manipulation on other insects in peach orchards,
including other major pests (aphids, summer fruit tortrix moths) and secondary
pests (e.g., pest mites, scale insects). Such studies would be useful for developing an IPM strategy in peach orchards in China.
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NEW WISCONSIN RECORDS FOR CYCLOCEPHALA LURIDA
(COLEOPTERA: SCARABAEIDAE)
Nadine L. Kriska1 and Daniel K. Young1

ABSTRACT
Cyclocephala lurida Bland (Coleoptera: Scarabaeidae) is a dynastine scarab
beetle previously unknown from Wisconsin. Two specimens, one male and one
female, were found on the University of Wisconsin-Madison campus. A third
specimen was recovered from a blacklight trap in southwestern Wisconsin. Although establishment in the state remains open to question, this species is of
potential economic concern as larvae are capable of causing significant damage to
lawns, turfgrass, and crops.
____________________
Cyclocephala lurida Bland (Coleoptera: Scarabaeidae), commonly known
as the southern masked chafer, belongs to the largest genus in the subfamily
Dynastinae. Cyclocephala contains around 300 species and is restricted to the
New World (Ratcliffe and Cave 2002). Fourteen species of Cyclocephala occur in
the United States (Ratcliffe 1991). Aside from some species of economic concern (including C. lurida), the biology and immature stages of many species
remain poorly known.
While Endrodi (1985) recorded Cyclocephala longula LeConte from Wisconsin, no further data have become available nor have any specimens been
collected to confirm its presence in Wisconsin. The Endrodi record may have
been in error since C. longula is a western species with easternmost confirmed
records from east-central Nebraska (Ratcliffe 1991). In a checklist of Wisconsin
Scarabaeoidea Kriska and Young (2002) listed C. lurida and Cyclocephala borealis Arrow as species that could potentially occur in Wisconsin. Both species
are recorded from the surrounding states of Illinois, Indiana, and Iowa.
The three C. lurida specimens represent a new state record for Wisconsin.
Two were collected by the authors along a sidewalk on the University of Wisconsin-Madison campus (Dane County) on 5 August 2003. The specimens were
identified by the senior author and deposited in the Insect Research Collection
(IRC) at the University of Wisconsin-Madison Entomology Department. The
third specimen was collected in a blacklight trap in Nelson Dewey State Park,
Grant County, 11-18 July 2004. The trap was located near a stream in a conifer
forest/dry lime prairie setting. The specimen was identified by the senior author and deposited in the IRC. C. lurida is found throughout most of the United
States, excluding the Pacific Northwest (Endrodi 1985, Pike et al. 1976, Pike et
al. 1977, Bauernfeind 2001) and is probably one of the most abundant
Cyclocephala species in the Midwest.
DISCUSSION
The presence of C. lurida in Wisconsin is noteworthy because of its potential to cause damage to lawns, pastures, and crops. The species has a one-year
life cycle (Ratcliffe 1991) with the non-feeding adults active from June into early
August, and commonly attracted to lights (Ritcher 1966). Eggs are deposited in
the soil during the period of adult activity. Ritcher (1944, 1966) described and
illustrated the larva under the name Cyclocephala immaculata (Olivier). Larvae live in the soil and feed on plant roots. Ritcher (1966) also reported larvae
1
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in piles of manure and decaying organic material. High larval densities have
been known to damage lawns, turfgrass, pastures, corn fields, and wheat fields.
Whereas C. lurida is considered one of the most destructive turfgrass insect
pests in the Midwest (Zenger and Gibb 2001), not all turfgrass is infested every
year. Both abiotic and biotic factors affect C. lurida densities (Potter 1983,
Potter and Gordon 1984). Rice (1994) concluded that although C. lurida larvae
can cause some damage to corn and soybean plants, they did not affect germination, emergence or survival, nor did they significantly affect leaf area, root weight,
or total dry weight.
The discovery of only three adult specimens in Wisconsin over the past
three years suggests that C. lurida may not yet be established this far north in
the Great Lakes region. Larvae have yet to be reported by workers associated
with the turfgrass or agriculture industries in Wisconsin. Possibly southern
Wisconsin represents the northernmost edge of its range. Blacklight trapping
during the adult activity period, particularly in areas with extensive farmland,
such as southcentral and southeastern Wisconsin, is recommended.
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NOTES ON INCIDENCE AND BIOLOGY OF THE PREDOMINANT
PARASITOIDS ATTACKING THE COTTONWOOD LEAF BEETLE IN
MINNESOTA
Alexander P. Kendrick1, Kenneth F. Raffa1, Steven J. Krauth1, and Norman E. Woodley2

ABSTRACT
Populations of the cottonwood leaf beetle, Chrysomela scripta Fabricius
(Coleoptera: Chrysomelidae), in Minnesota were examined for the presence of
parasitoids over a period of two years. Field samples of larvae and pre-pupae
yielded two parasitoids: a tachinid fly, Cleonice setosa (Reinhard), and a
pteromalid wasp, Schizonotus sieboldi (Ratzeburg). Incidence of parasitism by
the tachinid was substantially higher than in previous reports, with 32.9% of
third instar larvae and 81.4% of pre-pupae being parasitized. The pteromalid
was present in 7.0% of pre-pupae. Both parasitoids were reared to adulthood in
the laboratory, with the pteromalid exhibiting continued generations, but the
tachinid completing development only after a cold treatment to break diapause.
____________________
The cottonwood leaf beetle, Chrysomela scripta Fabricius (Coleoptera:
Chrysomelidae), is the most important arthropod pest affecting hybrid poplar
plantations (Coyle et al. 2005). Both larval and adult feeding can result in
growth loss and destruction of leaders and shoots (Caldbeck et al. 1978, Bassman
et al. 1982, Coyle et al. 2002). Management options are limited, so growers rely
on insecticides as their major control option. Insecticides, however, can be financially costly, environmentally damaging, harmful to natural enemies, and can
also lead to resistance (Head et al. 1977a).
Future management strategies need to include natural enemies such as
predators, pathogens and parasitoids as an integral component (Bauer and
Pankratz 1993, Coyle et al. 2005). There is currently some knowledge about
predators and pathogens of cottonwood leaf beetle, including their biologies and
population dynamics (Coyle et al. 2005). Unfortunately, knowledge about the
parasitoid component of the natural enemy complex affecting C. scripta is very
limited. Before parasitoids can be implemented into Integrated Pest Management programs it is necessary to understand their biology and behavior, and
before these elements can be investigated it is essential to determine the predominant species affecting C. scripta.
Previous reports of parasitoids attacking the cottonwood leaf beetle include a pteromalid wasp and a tachinid fly. Head et al. (1977b) reported the
presence of the wasp Schizonotus latus (Walker) (Hymenoptera: Pteromalidae)
and an unidentified tachinid (Diptera: Tachinidae) in Mississippi. Reports of
C. scipta pupal parasitism attributed to S. latus are as high as 8.6% in Iowa
(Jarrard 1997) and 25.8% in Wisconsin (Burkot and Benjamin 1979). Jarrard
(1997) also reported the presence of an unidentified tachinid and estimated
parasitism of late-third instars to be 4.2%.
The purpose of this study was to identify the major parasitoids attacking
C. scripta in Populus plantations in Minnesota, evaluate their incidence, and
conduct laboratory observations on life history parameters.
Department of Entomology, University of Wisconsin, 1630 Linden Dr., Madison, WI
53706.
2
Systematic Entomology Lab-USDA, Beltsville, MD 20705.
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METHODS
Identification and incidence of major parasitoids. Field sites were
located in hybrid poplar plantations near Carlos, MN (Site 1: 45°N 56´ 30´´,
95°W 07´ 00´´; Site 2: 45°N 59´ 30´´, 95°W 06´ 00´´). Site 1 was 23.1 ha and
comprised of clone DN2 (Populus deltoides × nigra) planted on an 8 × 10 ft. (2.44
× 3.05 m) spacing. These trees were entering their fifth year of growth in 2004.
Site 2 was 24.3 ha and comprised of clone NM6 (P. nigra × maximowiczii) on a 10
× 10 ft. (3.05 × 3.05 m) spacing. It was entering its third year of growth in 2004.
Both sites were sampled in 2004, and site 2 was sampled again in 2005. Both
sites contained populations of the cottonwood leaf beetle at the time of sampling.
On August 23, 2004, actively feeding larvae were collected haphazardly
from feeding sites on branch terminals and separated into first, second, and
third instars. We also collected pre-pupal larvae from the lower canopy in 2004.
Only third instar larvae were collected in 2005; the sampling date was August
28. Larvae were placed on field-collected foliage from non-infested sites and
reared to pupation in plastic boxes (#173-C, Pioneer Plastics, Dixon KY) held at
23 °C and 14L:10D photoperiod. Parasitism was determined based on presence
of fly or wasp larvae and pupae.
Pteromalid adults emerged from pupation after several days at 23 °C, and
were mounted for identification. Tachinid puparia were allowed to sclerotize for a
period of two to six weeks. During this period they were housed in plastic boxes
(#173-C, Pioneer Plastics, Dixon, KY) at 23 °C and 70% relative humidity. Puparia were then placed into autoclaved potting soil (Metro-Mix 300, Sungro, Bellvue
WA) that had been moistened with distilled water, and exposed to three different
treatments in order to obtain adults. The treatments were: a) on 1 September, 40
puparia were placed directly into a refrigerator in the above boxes with no additional preparation treatment, and stored for 8 months at 6 °C; b) on 1 October, 56
puparia were placed in a sanitizing solution of 1% bleach and 5% ethanol for one
minute, and then rinsed three times with autoclaved distilled water. These puparia were divided into two groups of 28, placed in two separate plastic boxes
(#195 C , Pioneer Plastics, Dixon, KY) in autoclaved soil moistened with autoclaved distilled water, and held in an incubator at 10 °C for two weeks. One box
(b1) was removed on 15 October, and held for slightly more than 6 months at
ambient winter temperatures in a three-walled outdoor building, and brought
inside on 8 April. The average high and low temperatures during this period were
16.1 °C and 5.39 °C for October, 8.9 °C and 0.1 °C for November, 1.1 °C and -7.7 °C
for December, -3.1°C and -10.8 °C for January, 2.7 °C and -5.3 °C for February, 5.3
°C and -5.2 °C for March, 17.6 °C and 3.5°C for April (NOAA, 2005). The other box
(b2) remained in the incubator at 3 °C for 5 months, then at 6 °C for 5 months, and
was removed from the incubator on 29 July.
Once removed from cold treatment, puparia were brought to room temperature and then sifted from the soil. Individual puparia were placed in 1ounce condiment cups (Dixie Brand, Koch Industries, Inc., Wichita, KS) with a
hole in the lid to allow airflow. Cups were housed in a plastic incubation box
(#295 C, Pioneer Plastics, Dixon, KY) containing a moist paper towel to prevent
desiccation. Boxes were kept at room temperature and exposed to indirect
natural light for approximately 14 hours each day. Puparia were monitored
daily, and any emerged insects were recorded and preserved for identification.
Rearing. Adult wasps were kept in a portable insect tent (#1462W,
BioQuip, Rancho Dominguez, CA) that housed between 1 and 30 individuals.
They were fed a dilute solution of sugar water (1/8 tsp (625µl) of sucrose in 25 ml
of tap water) placed in a film canister and dispensed with a felt wick. Hosts
were offered in batches of 20 to 50 pre-pupal cottonwood leaf beetles. Beetles
were exposed to the wasps for 48 hours before transferal to a plastic box containing a moistened paper towel (#295 C, Pioneer Plastics, Dixon, KY). Longer
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exposure to wasps resulted in superparasitism of beetle hosts. When wasp
pupae became evident, they were transferred to the insect tent for emergence.
Adult flies were placed in a Plexiglas box (32 × 29 × 37 cm) with a meshtube access port. They were fed a dilute solution of sugar water similar to that
used for the wasps. The maximum number of flies housed in the box was five.
Approximately two dozen actively feeding 3rd instar leaf beetles were offered as
hosts for the remainder of their larval development. After beetle larvae pupated, they were removed to a plastic box containing a moist paper towel.
RESULTS
Two parasitoid species were reared from field-collected C. scipta larvae
and pupae: a tachinid fly Cleonice setosa (Reinhard), and a pteromalid wasp,
Schizonotus sieboldi (Ratzeburg). Based on pooled field data, tachinid flies
parasitized no first instars, 10.2% of second instars, 32.9% of third instars, and
81.4% of pre-pupae (Table 1). Parasitism of third instar larvae by this tachinid
varied between sites during 2004 (Site 1: 55.0%; Site 2: 27.8%) and between
years (Site 2, 2005: 16.4%) (Kendrick 2006). The incidence of parasitism by the
pteromalid was 7.0% of pre-pupal larvae collected (Table 1). The pteromalid
was not present in any other life stage collected and was only found at Site 1.
No tachinid flies emerged during the two to six week period preceding cold
treatments. The highest emergence was realized when puparia were sanitized
and placed in ambient winter conditions (Table 2: b2). In this treatment, 60.7%
of the initial puparia produced an adult fly. Overwintering without sanitation
resulted in the emergence of only one tachinid. We also recorded the presence of
a hyperparasitoid wasp, Perilampus hyalinus Say (Hymenoptera: Perilampidae),
emerging from tachinid puparia (Table 2).
The development time from egg to adult for the pteromalid wasp was
approximately 15 days at 23 °C. Wasps were maintained in the laboratory for
multiple generations. In contrast, no flies were observed to mate or oviposit in
the laboratory and no offspring were produced.
DISCUSSION
As with previous studies, the predominant parasitoids of C. scripta were a
tachinid and a pteromalid. Our results suggest, however, that parasitism can
be substantially higher than previously estimated. For example, Jarrard (1997)
reported 4.2% parasitism of late-third instar larvae of C. scripta by an unidentified tachinid in Iowa, compared to 32.9% by C. setosa in our study. Additionally, 81.4% of pre-pupae were parasitized by C. setosa. Prepupal parasitism
may be over-estimated due to the cessation of development by hosts harboring
C. setosa, which could result in an accumulation of parasitized individuals in
this stage.
Based on field data, third instars have the highest incidence of parasitization by C. setosa. Second instars appear less susceptible, while no first instars
were parasitized (Table 1). The higher rate of parasitism of third instars could
include bias due to the cumulative effect of a more prolonged exposure. Laboratory observations suggest that C. setosa is a univoltine, solitary endoparasitoid,
which agrees with initial observations of an unidentified tachinid reared from
C. scripta in Mississippi (Head et al. 1977b).
Cleonice setosa has been recorded from Canada: Alberta, Ontario; and the
USA: Maryland, Nebraska, North Carolina, South Dakota, and now Minnesota
(O’Hara and Wood 2004). A specimen of C. setosa in the Canadian National
Collection (CNC), Ottawa, was reared from Chrysomela tremulae (Fabricius)
from Ontario, and a second specimen (also CNC) was reared from C. scripta
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0
5
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0
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6
3, 6
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8
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40
28
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N
~20
11
3
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1
7
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Tachinidae

5
1
0

Perilampidae

Response

~14
9
8

No emergence

Table 2. C. setosa emergence from sterile soil exposed to different overwintering treatments. N = number of puparia initially placed in
the soil.

N

Life Stage

Table 1. Incidence of parasitism for various life stages of Chrysomela scripta collected in hybrid poplar plantations near Carlos, MN in
2004-2005. L1-3 = 1st - 3rd instars, PP = pre-pupal, N = total number collected.
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from Alberta. The genus has been previously reported under the synonym
Grisdalemyia as being a parasitoid of Chrysomela crotchi Brown (Smereka 1965).
We estimate the incidence of parasitism of pre-pupal C. scripta by S. sieboldi
to be 7.0% based on our field rearings. European reports of parasitism attributed
to S. sieboldi on Chrysomela vigintipunctata (Scopoli) range from less than 3%
(Lays 2002) to 45% (Urban 1998). Based on our laboratory observations, both the
pre-pupal and pupal stages of C. scripta are susceptible to attack by S. sieboldi.
Our observations indicate that S. sieboldi is an endoparasitoid, differing from a
previous report from Europe on C. vigintipunctata (Urban 1998), but agreeing with
North American observations attributed to S. latus on C. scripta (Head et al.
1977b). Each C. scripta host supported multiple pteromalid larvae, initially
feeding internally but becoming visible externally prior to pupation. It is possible
that the appearance of late-instar parasitoid larvae externally on C. vigintipunctata
led to the interpretation that S. sieboldi is an ectoparasitoid.
There is some confusion surrounding the identity of Schizonotus spp. The
wasps emerging from C. scripta key to S. sieboldi, a European species, and are
identical to European specimens of S. sieboldi deposited in the National Museum of Natural History (USNM), Washington. However, Nearctic specimens
that have been identified as S. latus do not appear to differ from S. sieboldi. It is
possible that these names are synonymous, or that the specimens of S. latus in
the USNM have been misidentified. Bouèek and Heydon (1997) list S. sieboldi,
but not S. latus, as occurring in the Nearctic region. Perhaps S. latus is a junior
synonym of S. sieboldi. Pending revision of the genus, S. sieboldi appears to be
the most appropriate name for our specimens.
Future work is needed to quantify the impacts and life history of these
parasitoids. In particular, a better understanding of sources of variation due to
location and time, both within and among years, is required. Improved sampling procedures and detailed information on host-finding and oviposition behavior in the field would also be useful to improve biological control of C. scripta.
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FIRST ONTARIO, CANADA RECORD OF THE WATER BOATMAN
HESPEROCORIXA LOBATA (HEMIPTERA: CORIXIDAE)
Stephen W. Chordas III1 and Eric G. Chapman2

Documentation of the true bugs (Hemiptera) of Canada and the United
States is an ongoing effort (Henry and Froeschner, 1988; Maw et al., 2000).
Maw et al. (2000) listed 12 species of water boatmen belonging to the genus
Hesperocorixa for Canada. Ontario has the greatest diversity of this genus with
all 12 species listed for the Province. In 2004, we collected Hesperocorixa lobata
(Hungerford) (Hemiptera: Corixidae), a new record for Ontario.
The authors visited a fen and wetland complex 20km NNW of Durham,
near the hamlet of Mooresburg, Ontario during September of 2004 where we
collected a single male specimen of H. lobata. This site is not near the U.S.
border and this record represents a northern range extension of about 200km.
We identified our specimen using the key plus illustrations of the distinctive
male capsule and clasper in Hungerford (1948). It was preserved in 70% ethanol
and deposited in the senior author’s collection.
Collection data: Canada. Ontario, Grey County. Krug Forest: Kinghurst
tract. Wetland off walking trail off west side of Concession Road 4 (across from
Harrison Lake). Coordinates: N44.328 , W80.906. Steve W. Chordas III & Eric
G. Chapman. Dipnet. 25 September 2004.
Hesperocorixa lobata was previously known from Nova Scotia, Canada and
from 13 states (Connecticut, Georgia, Maine, Maryland, Massachusetts, Michigan, Minnesota, New Hampshire, New Jersey, New York, Rhode Island, Vermont,
Wisconsin) in the United States (Fig. 1). Hilsenhoff (1984) reported this species
for northern Wisconsin, but absent from southern Wisconsin. Given its predominant occurrence in the Great Lakes region, its presence in southern Ontario is
within its known range and not surprising (Fig. 1).

Figure 1. Distribution
of Hesperocorixa lobata
in America north of
Mexico.
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The addition of Hesperocorixa lobata brings to 13 the total species of
Hesperocorixa known for Ontario. Based on distribution data from Polhemus et
al. (1988), Hesperocorixa nitida (Fieber) may be expected for Canada as it is well
known in the Great Lakes region. It has been collected from Indiana, Ohio,
Michigan, Minnesota, New Hampshire, New York and Pennsylvania but is unrecorded for Canada (Jansson, 2002; Polhemus et al., 1988).
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FIRST NEW WORLD RECORD FOR BADONNELIA TITEI
(INSECTA: PSOCOPTERA: SPHAEROPSOCIDAE)
Edward L. Mockford1

ABSTRACT
Badonnelia titei Pearman (Psocoptera: Sphaeropsocidae) was found in a
laboratory building at Soldotna, Kenai Peninsula, Alaska. This is the first
Western Hemisphere record of this domestic (i.e. dwelling in human habitations) species. The history of knowledge of this species is reviewed.
____________________
This note reports the first discovery of Badonnelia titei Pearman
(Psocoptera: Sphaeropsocidae) in the Western Hemisphere. Data for the find
are as follows. USA: ALASKA: Soldotna (N 60.461°, W 151.073°). Ski Hill
Road, Kenai National Wildlife Refuge headquarters building. Crawling on floor
of laboratory. 12 December 2005. M.L. Bowser. The material consists of a
single well-colored female agreeing in form and color with prior published descriptions (Pearman 1953, 1958; Günther 1974a, 1974b; Lienhard 1998).
Badonnelia titei is in the psocopteran family Sphaeropsocidae, which is
unique in that females have elytriform forewings and lack hindwings, while
males are completely wingless. Thus, the females resemble minute beetles,
while the males look like book-lice of the closely-related family Liposcelididae.
Sphaeropsocidae is represented by three genera and 15 extant species (Lienhard
and Smithers 2002). Only B. titei is domestic in the sense of being known only
from human habitations.
Knowledge of this species has had an interesting history. The original
description (Pearman 1953) was based on a single female kept alive in the hope
that it would reproduce and augment the sample. It was found in the back binding
of the loose cover of an atlas in the Zoological Museum, Tring, England. Subsequently, additional specimens were found in the same museum and a more detailed description, including both sexes, was published (Pearman 1958). Günther
(1974a, 1974b) recorded the species from Belgium, Germany, France, and Switzerland, and noted that it is univoltine. By examination of digestive tract contents, he found that it feeds on fungal spores and body parts of (presumably) dead
arthropods. Lienhard (1998) summarized the known distribution at the time,
noting that it had been found in ten European countries (in addition to the five
already noted, they were Finland, Ireland, Luxembourg, Norway, and Sweden).
The European records of this species are mostly northern (see references
listed by Lienhard and Smithers 2002). The southernmost record is from Geneva
at just north of 46° N lat. From there it ranges north into Norway and Finland
at localities north of 60° N lat. Although it is not clear how to interpret these
distributional data for a domestic species in a biologically meaningful way, they
suggest that the species may be expected in domestic situations in Canada and
perhaps the northernmost portions of the USA.
Badonnelia titei appears to be a member of a small cohort of psocids (and
other Arthropods) known only from domestic situations, their natural habitats
remaining undiscovered. It was not recorded in the entomological literature
until 1952 (Beaumont, 1952, cf. Lienhard, 1977:470), when it was mis-identified as Embidopsocus enderleini (Ribaga). Thereafter it started to appear in the
Department of Biological Sciences, Campus Box 4120, Illinois State University,
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localities mentioned above. As several of the localities are natural history
museums and other institutions devoted to zoological research (including the
Alaska locality) its presence is interpretable in two ways: 1) personnel of such
institutions are likely to observe and collect such obscure insects, and 2) these
insects may have become introduced into these domestic situations with samples
under investigation.
Other species of Badonnelia are known from Chile, where they are found
as free-living members of the soil fauna (Badonnel 1963, 1972).
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