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ABSTRACT. The invasive wetland perennial, Lythrum salicaria has spread throughout Indiana wetlands
since 1900. Four insect species were approved for release as biological control agents. These species included:
Hylobius transversovittatus, Nanophyes marmoratus, Galerucella calmariensis, and G. pusilla. The distribution
of these beetles has been monitored by the Indiana Department of Natural Resources since 1994. This project
aimed to develop an updatable GIS database, expand the existing data on locations of these control agents,
and estimate their distribution throughout the state. Nanophyes marmoratus and Hylobius transversovittatus
have spread slowly between wetlands, which limited the analysis of this work to the spread of Galerucella.
Geospatial analyses of Galerucella spp. indicates that they have become widely distributed in the northern
region of the state. By calculating distances and date of initial observation between sites, it was estimated that
Galerucella spp. spread at a rate of least 491 meters per year with a maximum rate of 1,822 m/yr. This
simplified calculation of dispersal rates and GIS mapping allows for visualization of areas for potential future
releases in order to maximize the control of L. salicaria. Additionally, it suggests that Galerucella spp. have
become widely established in northern Indiana.
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Lythrum salicaria, or purple loosestrife, is an
invasive wetland perennial in North America
(Thompson et al. 1987). It can form clumps of
30–50 stems arising from a single taproot and
a terminal spike of tightly clustered flowers
over 1 meter in length (Mal et al. 1992). This
vigorous branching and flowering allows a
single plant to produce upwards of 2.5 million
seeds each year (Malecki et al. 1993).

North American introductions of L. salicaria,
which began as early as 1814 in New England
(Mal et al. 1992), were likely from inadvertent
transport in shipping ballast and imported wool
and intentional introduction by immigrants,
who used the plant as a medicinal herb
(Thompson et al. 1987). Anthropogenic activi-
ties, such as the development and use of canals,
contributed to the further spread of L. salicaria
into the Midwest (Thompson et al. 1987). Other
uses of the plant, both as an ornamental and as a

nectar plant for beekeeping, resulted in inten-
tional introductions. In Indiana the earliest
record of L. salicaria is from 1900, although
Stuckey (1980) and Deam (1940) note very little
spread through 1940. Today, L. salicaria is
distributed throughout Indiana but is most
common in the northern counties.

Lythrum salicaria forms dense stands (Mal-
ecki et al. 1993) that can become dominant in
wetland seed banks (Welling and Becker 1990),
reduce wildlife habitat quality (Whitt et al.1999,
Rawinski 1982, Lor 2000), interfere with
pollination of native species (Brown et al.
2002, Da Silva and Sargent 2011, Templer
et al. 1996), and alter wetland function (Emery
and Perry 1996, Bärlocher and Biddiscombe
1996). It may also outcompete native plants in
a variety of wetlands (Gaudet and Keddy 1995,
Weihe and Neely 1997, Gabor et al. 1996, Mal
et al. 1997).

Control efforts against L. salicaria began in
the 1950’s, and included attempts at flooding,
cutting, and burning (Skinner et al. 1994).
Initial efforts were largely unsuccessful for all
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but the smallest patches of L. salicaria (Blossey
et al. 2001, Skinner et al. 1994). Glyphosate,
2,4-D, or triclopyr have been used in chemical
control but because of extensive seed banks
(Welling and Becker 1990), spraying must be
repeated often (Blossey et al. 2001, Skinner et
al. 1994). The non-selective nature of chemical
control also reduced populations of sedges,
grasses, cattails, and other native wetland
plants (Skinner et al. 1994, Gabor et al. 1996).
The lack of effective methods of control and
continued dispersal of L. salicaria resulted in
the formation of a program to establish a
biological control program for L. salicaria in
North America. An overview of this process is
provided by Malecki et al. (1993), while Blossey
et al. (2001), and Hight and Drea (1991)
examine the process in more detail. Four insect
species eventually were approved for release.
These species included: Hylobius transversovit-
tatus Goeze (a root-mining weevil), Nanophyes
marmoratus Goeze (a flower feeding weevil),
Galerucella calmariensis L., and G. pusilla Duft
(two leaf-beetles) (Blossey et al. 2001).

Following the approval of Galerucella spp.,
N. marmoratus, and H. transversovittatus for
release, all three were released at sites in
Indiana by the Indiana Department of Natural
Resources (IDNR), Division of Nature Pre-
serves. Galerucella spp., the earliest to be
approved, were first released in 1994. Release
of N. marmoratus and H. transversovittatus did
not begin until eight years later, in 2002. A
protocol for raising captive populations of
Galerucella was quickly established. As releases
of Galerucella spp. continued, and as popula-
tions accumulated, individuals were collected
from existing populations and released to sites
where they were previously absent. Thus, of the
three genera of insects, Galerucella spp. were
most widely released in Indiana because they
were approved first and were easily raised.

The aim of this project was to develop an
easily updateable geodatabase for tracking the
distribution of purple loosestrife biological
control agents across the state. The develop-
ment of this database is important for improv-
ing our understanding of the specific dispersal
range of Galerucella spp. as well as the general
dispersal patterns of biological control agents.
It was also a goal of this project to understand
the current spread and patterns of dispersal,
especially of Galerucella spp., by field checking
numerous sites throughout northern Indiana in

2011 supplemented by 17 years of continued
observations made by IDNR personnel. Fur-
thermore, knowledge of the current range of
Galerucella spp. is important for the planning
of future releases of the insects in order to
maximize the effectiveness of the biological
control program for L. salicaria.

METHODS

The primary files in the geodatabase are
point feature classes of locations where beetle
populations have been located. To maintain
these records, any new release site is added to
the files and time each spring is spent checking
locations where the beetles are likely to have
spread. This surveying involves driving to areas
around known release or dispersal sites and
identifying areas infested by L. salicaria. Once
L. salicaria is found, the area is checked for
presence of beetles and their abundance is
ranked.

During the summer of 2011, particular effort
was made to survey a number of sites within
spatial gaps in the current data. In order to
check a large number of sites over a short
period of time most of the sites examined were
boat ramps. In addition to ease of checking for
L. salicaria and biological control agents, boat
ramps are disturbed habitats, often are in full
sunlight (favored by L. salicaria), and boats
and trailers provide a means of spreading
loosestrife seed. As a result of this additional
work, 103 sites were examined, with nearly all
of them being boat ramps.

Geospatial analysis, processing, and map
construction was performed using ArcGIS
Desktop 10 (ESRI 2011). In addition, the
Geospatial Monitoring Environment (Beyer
2012) was used to calculate distances between
release and non-release sites. A point feature
class file containing the sites where insects were
located was created for each beetle species.
These files also contained the tabular data for
each location, including whether insect were
released, the county, insect abundance, first
observation date, and latest observation date.
A series of maps were created to show the
dispersal of L. salicaria biological control
insects in Indiana.

Finally, the geospatial data were analyzed to
determine the likely dispersal rate of Galeru-
cella spp. Non-release sites were joined to each
release site manually, using data exported to
spreadsheets. Using the convert.tabletolines
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command in the Geospatial Modeling Envi-
ronment (Beyer 2012), the distance between
each set of points was determined and added to
the table. For each pair of sites the number of
years between the release of Galerucella spp. at
the release site and the first observation at the
non-release site was determined. The distance
between sites was divided by the years between
these dates to calculate the average distance
traveled per year. The assumption was made
that the smallest distance travel per year was
the most likely source of the beetles at the new
site, and other pairs of points were removed.
One record remained for each non-release site.
The maximum distance per year (1,822 m/yr)
and the mean distance per year (491 m/yr) from
this list were then used to draw buffers around
known Galerucella spp. locations in ArcMap.
The calculated dispersal distance per year was
multiplied by the number of years since the first
observation (or release date) at each site. The
buffer was then drawn at this distance. The
buffer distance around a newer site is smaller,
while that of an old site is much larger.

RESULTS AND DISCUSSION

This project sought to examine the distribu-
tion of all three biological control insects
throughout Indiana. However, locating H.
transversovittatus proved to be very difficult.
They have not been located at new sites
(Figure 1) and only occasionally at past release
sites; this is likely due to their secretive life
cycle (Ferrarese and Garono 2010). The adult
beetles are nocturnal (Blossey et al. 1994), so
surveying is usually conducted for beetles in
the larval stage. Since this stage is completed
below ground, surveying is labor intensive and
requires uprooting the plants for close ex-
amination (Malecki et al. 1993). Therefore,
it is difficult to draw conclusions as to their
distribution within Indiana.

Nanophyes marmoratus have been found at
some non-release sites, but all of these were
located near a release site, suggesting that their
dispersal has been limited (Figure 2). In addi-
tion, their dispersal may be limited by the
success of Galerucella spp. Large populations
of Galerucella spp. may reduce the flowering of

Figure 1.—Hylobius transversovittatus sites in Indiana. All sites are release sites.
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L. salicaria (Blossey and Skinner 2000), flowers
necessary to the life cycle of N. marmoratus.
Additionally, N. marmoratus has been release
at far fewer sites in Indiana than Galerucella
spp., further reducing the potential for locating
new sites for N. marmoratus.

In contrast to Hylobius and Nanophyes,
Galerucella spp. have dispersed quite well and
were relativity easy to locate, resulting in 156
confirmed sites (Figures 3). In particular, Ga-
lerucella spp. have spread across northern
Indiana but, in the remainder of the state
where L. salicaria is infrequent, has only 5
reports (one in Brown, Marion, and Scott
Counties; two in Morgan County). The mean
annual dispersal distance of Galerucella spp.
was calculated at 491 m/yr and the maximum
was 1,822 m/yr. The buffered areas in Figure 4
approximate the potential area to which
Galerucella spp. may have dispersed. These
areas cover a total of 5,294 km2 for the
dispersal of 491 m/yr and 33,348 km2 based
on 1822 m/yr. Using the National Wetland
Inventory as a basis for L. salicaria habitat, the
potential Galerucella spp. habitat is reduced

greatly to 747 km2 (491 m/yr) and 2,799 km2

(1822m/yr).

When compared to previous studies, these
dispersal estimates fall within the wide range
of values observed. Albright et al. (2004) found
Galerucella spp. 9 km from the nearest release
site after 4 years. If the dispersal is estimated
over four years, the distance of 2,250 m/yr is
slightly larger than the 1822 m/yr found in
this study. However, Dech and Nosko (2002)
suggest a very limited dispersal rate of both
Galerucella species. After four years Galerucella
spp. were found a maximum of approximately
50 meters from the release location.

Based upon additional observations made
during the surveying for Galerucella spp. it
appears that the beetles are well distributed to
potential habitat within the 491 m/yr buffer
area. Dispersal throughout the larger buffer
area is more sporadic, but a large number of
sites do occur (Figure 4). While the assumption
was made that Galerucella spp. dispersal occurs
in a uniform fashion over time (x m/yr) this is
almost certainly not the case. This assumption
allows for an approximation of the potential

Figure 2.—Nanophyes marmoratus release sites (w) and non-release (N) in Indiana.
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Figure 3.—Galerucella spp. release sites (w) and non-release sites (N) in northern Indiana.

Figure 4.—Galerucella spp. release sites and non-release sites in Indiana with buffers showing potential
area currently occupied by Galerucella spp. The small buffer area is based on 491 m/yr and the larger on
1822 m/yr.
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area inhabited by Galerucella spp., but their
dispersal patterns are more complex. Bartelt et
al. (2008), Hambäck (2010), and Grevstad and
Herzig (1997) have shown the importance of
pheromones released by Galerucella spp. and
the resulting aggregation behavior. Additional-
ly, when large Galerucella spp. populations
accumulate they can defoliate nearly all L.
salicaria in the area (Landis 2003). Following
this defoliation, beetles have been observed to
disperse in large numbers to new sites, further
complicating the dynamics and patterns of
dispersal.

While the areas defined in Figure 4 are
potential areas of occurrence, they provide an
approximation for future biocontrol action.
Using these maps, the areas least likely to be
currently occupied by Galerucella spp. can be
identified and additional releases can be per-
formed in these areas. Additionally, the results
of this study improve our understanding of the
dispersal range of Galerucella spp. over time.
Future work will be able to continue adding
new locations to the geodatabase and as data
are added the estimations of dispersal range
will improve. Additionally, because the meth-
odologies are easily applied to any case where
the release locations have been documented,
the methods used here may be applied in other
locations where Galerucella spp. have been
released in order to understand any regional
differences that may occur.
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Hambäck, P. 2010. Density-dependent processes in
leaf beetles feeding on purple loosestrife: Aggre-
gative behavior affecting individual growth rates.
Bulletin of Entomological Research 100:605–611.

Hight, S.D. & J.J. Drea. 1991. Prospects for a
classical biological control project against purple
loosestrife (Lythrum salicaria L.). Natural Areas
Journal 11:151–157.

Landis, D.A. 2003. Establishment and impact
of Galerucella calmariensis L. (Coleoptera:

BRITTON ET AL.—LYTHRUM BIOLOGICAL CONTROL AGENTS 25



Chrysomelidae) on Lythrum salicaria L. and
associated plant communities in Michigan. Bio-
logical Control 28:78–91.

Lor, S. 2000. Population status and breeding biology
of marsh birds in Western New York. [thesis],
Ithaca (NY):Cornell University.

Mal, T.K., J. Lovet-Doust & L. Lovet-Doust. 1997.
Time-dependent competitive displacement of Typha
angustifolia by Lythrum salicaria. Oikos 79:26–33.

Mal, T.K., J. Lovett-Doust, L. Lovett-Doust & G.
Mulligan. 1992. The biology of Canadian weeds.
100. Lythrum salicaria. Canadian Journal of Plant
Science 72:1305–1330.

Malecki, R.A., B. Blossey, S.D. Hight, D. Schroeder,
L.T. Kok & J.R. Coulson. 1993. Biological control
of purple loosestrife. BioScience 43:680–686.

Rawinski, T.J. 1982. The ecology and management of
purple loosestrife (Lythrum salicaria L.) in central
New York. [M.S. thesis], Cornell University,
Ithaca, New York.

Skinner, L.C., W.J. Rendal & E.L. Fuge. 1994.
Minnesota’s purple loosestrife program: History,
findings, and management recommendations.
Special publication 145, Minnesota Department
of Natural Resources.

Stuckey, R.L. 1980. Distributional history of Ly-
thrum salicaria (purple loosestrife) in North
America. Bartonia 47:3–20.

Templer, P., S. Findaly & C. Wigand. 1996.

Sediment chemistry associated with native and
non-emergent macrophytes of Hudson River
marsh ecosystem, p. 1–32. In: Waldman, J., W.
Nieder & E. Blair, editors. Final Reports of the
Tibor T. Polgar Fellowship Program, 1995.

Thompson, D.Q., R.L. Stucky & E.B. Thompson.
1987. Spread, impact, and control of purple
loosestrife (Lythrum salicaria) in North American

wetlands. U.S. Fish and Wildlife Service Research
Report 2.

Weihe, P.E. & R.K. Neely. 1997. The effects of
shading on competition between purple loosestrife
and broad-leafed cattail. Aquatic Botany 59:127–
138.

Welling, C.H. & R.L. Becker. 1990. Seed bank
dynamics of Lythrum salicaria L.: Implications for
control of this species in North America. Aquatic

Botany 38:303–309.

Whitt, M.B., H.H. Prince & R.R. Cox, Jr. 1999.
Avian use of purple loosestrife dominated habitat

relative to other vegetation types in a Lake Huron
wetland complex. The Wilson Bulletin 11:105–
114.

Manuscript received 6 January 2013, revised 26 July

2013.

26 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


