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Impacts of Euhrychiopsis lecontei (Dietz)
from Different Populations on the Growth
el e e and Nutrition of Eurasian Watermilfoil

by Alfred F. Cofrancesco, Dwilette G. McFarland,
John D. Madsen, Angela G. Poovey, Harvey L. Jones

PURPOSE: This technical note provides information on the potential effects of the native weevil
Euhrychiopsis lecontei on growth of Eurasian watermilfoil. Weevil impacts are identified based on
evaluations of plant biomass, shoot height, and plant tissue nutrient characteristics. Populations of
weevils from different geographical locations were tested and all proved to be of potential value to
Corps biocontrol efforts.

BACKGROUND: Eurasian watermilfoil (Myriophyllum spicatum L.) is an exotic, submersed
aquatic plant, considered one of the most aggressive and troublesome species in North America
(Figure 1). Current evidence suggests it to be native to Europe, Asia, and northern Africa; it was
introduced in the United States near Washington, DC in the early 1940s (Couch and Nelson 1985).
Since that time, it has spread throughout much of United States (Figure 2) and now occurs in
southern provinces of Canada, in British Columbia, Quebec, and Ontario (Sheldon and Creed 1995,
Jacono and Richerson 2003, Washington State Department of Ecology 2003).

The success of Eurasian watermilfoil in a wide range
of aquatic systems is attributable mainly to two
important plant characteristics: the plant’s ability to
photosynthesize at low temperatures, allowing it to
grow rapidly to the surface in spring and increasing
its ability to compete with other plant species at high
latitudes (Barko and Smart 1981; Barko et al. 1982);
and its propensity for generating a large number of
propagules (fragments) that disperse to other areas to
establish new colonies (Kimbel 1982; Nichols and
Shaw 1986; Madsen et al. 1988). Stem fragments
may result from mechanical breakage (allofragments)
or through natural processes associated with plant
senescence (autofragments). Stolons or underground
runners provide additional means of expanding the
plant bed as well as serving as primary structures for
perennation (Madsen et al. 1988). Although the role
of seeds in the dispersal of this species has not been
rigorously studied, its seeds have shown high
viability in the laboratory but are seldom observed
growing in nature (Aiken et al. 1979; Madsen and

Boylen 1988, 1989; McFarland and Rogers 1998).  Figure 1. Eurasian watermilfoil (Myriophyllum
spicatum L.). lllustration provided by
IFAS, Center for Aquatic Plants, Uni-
versity of Florida, Gainesville; 1990
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Figure 2. Distribution of Eurasian watermilfoil (Myriophyllum spicatum L.) in the United States. Map
according to Jacono and Richerson 2003.

The growth habit of Eurasian watermilfoil is particularly problematic because of the large amounts
of biomass that the plant produces at the water surface. Its dense canopy of entangled stems can
restrict light penetration, enabling it to shade out more conservative, “understory’ aquatic vegeta-
tion. Fragments and floating mats of this species hinder recreational water use and navigation and
have been reported to clog water intake structures at power generation and water treatment facilities
(Smith et al. 1967; Grace and Tilly 1976). Additionally, the decay of large amounts of biomass asso-
ciated with Eurasian watermilfoil infestations can markedly alter water quality to the detriment of
other biota (Grace and Wetzel 1978).

Traditional methods to control Eurasian watermilfoil have had only short-term success, at best, and
often involve expensive management operations. In many states, including Washington, Vermont,
Minnesota, and New York, private and government sources spend hundreds of thousands of dollars
each year to control Eurasian watermilfoil (Washington State Department of Ecology 2003). Thus
far, the most commonly used control methods have included chemical herbicide treatments,
mechanical harvesting, and habitat manipulations through adjustments in water levels. However, the
potential for biological control (biocontrol) has prompted considerable interest in research to find an
ecologically compatible, long-term solution.
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The U.S. Department of Agriculture and Army Corps of Engineers have been working jointly in the
search for effective biocontrol agents for Eurasian watermilfoil. Current efforts are focused mostly
on the weevil Euhrychiopsis lecontei Dietz (Figure 3), which has shown the greatest promise
regarding its feeding specificity and ability to be cultured in the laboratory (Solarz and Newman
1996). This weevil is a native of North America and appears to prefer Eurasian watermilfoil to its
native host M. sibiricum Komarov (northern watermilfoil). Damage to the plant results from larval
tunneling into the stem, causing stress presumably by restricting translocation of gases and nutrients.
The complete life cycle takes from approximately 17 to 30 days at summer temperatures averaging
between 20 and 27°C (Newman et al. 1997; Mazzei et al. 1999).

Figure 3. Euhrychiopsis lecontei (Dietz), a native weevil of North America. Photo
from the Aquatic Plant Information System, US Army Corps of Engineers,
1998.

As a preliminary step towards the biocontrol of Eurasian watermilfoil, it is necessary to identify
sources of agents likely to be most effective. Marked variations in plant damage by E. lecontei in the
field suggest possible differences in vigor or some other property (e.g., density and/or demography)
among populations of the weevil. In the investigation conducted recently at the U.S. Army Engineer
Research and Development Center (ERDC), researchers examined effects of different weevil popu-
lations on growth of Eurasian watermilfoil. Results presented here describe physical and nutritional
changes in the plants due to exposure to E. lecontei obtained from three separate locations in the
United States.

METHODS AND MATERIALS: The investigation was conducted July-September 1998 in an
environmental growth chamber at the ERDC, in Vicksburg, Mississippi. This facility was operated
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to maintain 25°C and simulated sunlight at 350 pE m™ s™ for 14 hrs d"'. Aquaria for Eurasian
watermilfoil consisted of clear, lucite columns (150 cm tall, 20-L volume) with 3.5-L removable
bases (Figure 4). Detailed descriptions of the environmental chamber, ancillary equipment, and
column assemblage are provided by Barko and Smart (1980).

The sediment used in the study was a fine-textured medium (< 10 percent coarse particles) collected
locally from Brown’s Lake, on station at the ERDC. The sediment was amended with sufficient
NH4CI (added as 0.7¢g L wet sediment) to ensure favorable nutrient conditions over the 8-week
study period. After mixing, the sediment was poured 25 cm deep in the column bases, each with a
surface area of approximately 90 cm”. Physical and chemical characteristics of the sediment after
nutrient amendment were similar to those described by McFarland and Barko (1999).

Four sprigs of Eurasian watermilfoil, clipped 20 cm in length, were planted in each sediment
container, with basal ends buried 5 cm in the sediment. Once planted, the sediment was covered with
a thin layer of sand, the columns were assembled, and the plants submersed in 15 L of culture
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Figure 4. Column assembly
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solution. The solution was prepared using reagent-grade salts and deionized/distilled water
according to procedures for the low-alkalinity solution by Smart and Barko (1985).

Twenty columns of Eurasian watermilfoil were divided equally into five groups, each consisting of
four replicates. Plants in each group were allowed to grow for 4 weeks, after which one group, the
‘pre-treatment control group,” was harvested. Of the four remaining groups, three were treated
separately with six mated pairs of E. lecontei. The weevils had been obtained previously from three
different locations, including: Vermont (V), Minnesota (M), and a private company (C). One group
was left untreated as the ‘post-treatment control group’ and was harvested, along with the three
treatment groups (V, M, and C) after an additional 4 weeks of growth. Plant growth and nutritional
status were assessed at each harvest and were based on evaluations of plant biomass, shoot length,
and nutrient (total nitrogen and total phosphorus) concentrations in the plant tissues.

STUDY FINDINGS: Plants exposed to the weevils showed marked reductions in shoot length, with
treated plants showing a 33.8- to 45.3-percent reduction compared to the post-treatment control
plants (Figure 5). Interestingly, the measured biomass responses showed little if any weevil effects,
although aboveground stems (especially the upper portions) were visibly severed and damaged
internally by larval tunneling. These results suggest that while the weevils did not consume large
amounts of plant biomass, their feeding caused a significant decline in viable standing stems. Shoot
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Figure 5. Effects of Euhrychiopsis lecontei from three different sources (M = Minnesota, C =
commercial company, V = Vermont) on biomass (AG = aboveground, BG = belowground)
and shoot length of Eurasian watermilfoil. Each bar represents the mean + 1 standard
error (n = 4) for weevil-treated groups and non-treated control groups (PRE =
Pretreatment control group; POST = Post-treatment control group). Bars sharing the same
letter do not differ significantly at P < 0.05.
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length was also determined to be the most affected plant variable in a previous pilot study of impacts
of E. lecontei on Eurasian watermilfoil (Cofrancesco 1998, unpubl. data).

Evaluations of the nutritional status of the plants indicated similarly high concentrations of nitrogen
(N) in tissues of pre- and post-treatment control groups (Figure 6). In contrast, weevil-treated plants
showed a significant dilution in tissue N, averaging 25 to 28 mg/g compared to 35 mg/g in the
controls. Tissue phosphorus (P) concentrations were less affected than those of tissue N and varied
to a relatively minor extent among weevil treatments (Figure 6). The greatest reduction in tissue P
occurred in V-treated plants with concentrations diminished by approximately 20 percent.
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Figure 6. Effects of Euhrychiopsis lecontei from three different sources (M =
Minnesota, C = commercial company, V = Vermont) on nitrogen and
phosphorus concentrations in shoot tissues of Eurasian watermilfoil.
Each bar represents the mean + 1 standard error (n = 4) for weevil-
treated groups and non-treated control groups (PRE = Pretreatment
control group; POST = Post-treatment control group). Bars sharing the
same letter do not differ significantly at P < 0.05.
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CONCLUSIONS AND RECOMMENDATIONS: This study provides evidence that the herbivory
of E. lecontei can impose considerable damage to growth of Eurasian watermilfoil. These findings
generally support the results of previous research showing that feeding by E. lecontei on Eurasian
watermilfoil diminishes the plant’s health and ability to elongate (Creed et al. 1992; Creed and
Sheldon 1993; Newman et al. 1996). Here, reductions in plant height due to the weevils boring into
and severing the plant stems were coupled with nutritional stresses imposed by restricting the
concentration of nutrients (especially N) in plant tissues. Because the amount of biomass of the
treated plants was essentially unchanged by weevil feeding, it appears that damage to the plant was
controlled more by tunneling than by measurable consumption of plant biomass.

The results of this study raise further questions concerning whether the weevils can cause plant
death and if so, at what weevil densities and plant physiological status? In the present study, weevil
impacts were assessed using laboratory-cultured plants with tissue N and P concentrations well
above critical values (Figure 6) (Gerloff 1975; Barko and Smart 1986). However, further studies are
needed to determine how plant tissue nutrient concentrations may affect E. lecontei herbivory and
population dynamics.

Overall, the three weevil populations tested in this study were rather similar in their ability to hinder
the growth of Eurasian watermilfoil. Yet, before conclusions can be drawn concerning their relative
capabilities, these populations should be tested on multiple occasions and for different periods over
the growing season. The effectiveness of weevils from different geographical locations is likely to
vary due to environmental factors that effect unique behaviors, and morphological and physiological
characteristics. Such distinctions could become more apparent with additional testing in the
laboratory and could be used as a basis for biocontrol agent source selection. Knowledge of the
strengths and weaknesses of different weevil populations would be useful in identifying those best
suited for certain field conditions.

POINTS OF CONTACT: For additional information, contact Dr. Alfred Cofrancesco, (601) 634-
3182, ALF.Cofrancesco@erdc.usace.army.mil, or the manager of the Aquatic Plant Control
Research Program, Mr. Robert C. Gunkel, Jr., (601) 634-3722, Robert.C.Gunkel@erdc.usace.army.
mil. This technical note should be cited as follows:

Cofrancesco, A. F., McFarland, D. G., Madsen, J. D., Poovey, A. G.,
and Jones, H. L. (2004). “Impacts of Euhrychiopsis lecontei (Dietz)
from different populations on the growth and nutrition of Eurasian
watermilfoil,” APCRP Technical Notes Collection (APCRP-BC-07),
U.S. Army Engineer Research and Development Center, Vicksburg,
MS.

REFERENCES

Aiken, S. G., Newroth, P. R., and Wile, L. (1979). “The biology of Canadian weeds. 34. Myriophyllum spicatum L.,”
Can. J. Plant Sci. 59, 201-215.

Barko, J. W., and Smart, R. M. (1980). “Mobilization of sediment phosphorus by submersed freshwater macrophytes,”
Freshwat. Biol. 10, 229-238.



ERDC/TN APCRP-BC-07
April 2004

Barko, J. W., and Smart, R. M. (1981). “Comparative influences of light and temperature on the growth and metabolism
of selected submersed freshwater macrophytes,” Ecol. Monogr. 51, 219-235.

Barko, J. W., and Smart, R. M. (1986). “Sediment-related mechanisms of growth limitation in submersed macrophytes,”
Ecology 67, 1328-1340.

Barko, J. S., McFarland (Hardin), D. G., and Matthews, M. S. (1982). “Growth and morphology of submersed freshwater
macrophytes in relation to light and temperature,” Can. J. Bot. 60, 877-887.

Couch, R. W., and Nelson, E. N. (1985). “Myriophyllum spicatum in North America.” Proceedings of the First Interna-
tional Symposium watermilfoil (Myriophyllum spicatum) and Related Haloragaceae Species. L.W.J. Anderson, ed.,
Aquat. Plant Manage. Soc., Washington, DC, 8-18.

Creed, R. P., and Sheldon, S. P. (1993). “The effect of feeding by a North American weevil, Euhrychiopsis lecontei, on
Eurasian watermilfoil (Myriophyllum spicatum),” Aquat. Bot. 45, 245-256.

Creed, R. P., Sheldon, S. P., and Cheek, D. M. (1992). “The effect of herbivore feeding on the buoyancy of Eurasian
watermilfoil,” J. Aquat. Plant Manage. 30, 75-76.

Gerloff, G. C. (1975). “Nutritional ecology of nuisance aquatic plants.” Environmental Protection Agency Ecological
Research Series, EPA-660/3-75/027, National Environmental Research Center, Environmental Protection Agency,
Corvallis, OR.

Grace, J. B., and Tilly, L. J. (1976). “Distribution and abundance of submerged macrophytes, including Myriophyllum
spicatum L. (Angiospermae), in a reactor cooling reservoir,” Arch. Hydrobiol. 77, 475-487.

Grace, J. B., and Wetzel, R. G. (1978). “The production biology of Eurasian watermilfoil (Myriophyllum spicatum L.): a
review,” J. Aquat. Plant Manage. 16, 1-11.

Jacono, C. C., and Richerson, M. M. (2003). “Myriophyllum spicatum L.” Internet article at the Nonidigenous Aquatic
Plant Species website; http.//nas.er.usgs.gov/plants/docs/my _spica.html.

Kimbel, J. C. (1982). “Factors influencing potential intralake colonization by Myriophyllum spicatum L.,” Aquat. Bot.
14, 295-307.

Madsen, J. D., and Boylen, C. W. (1988). “Seed ecology of Eurasian watermilfoil (Myriophyllum spicatum L.),”
Rensselaer Fresh Water Institute Report 88-7, Rensselaer Polytechnic Institute, Troy, NY.

Madsen, J. D., and Boylen, C. W. (1989). “Eurasian watermilfoil seed ecology from an oligotrophic and eutrophic lake,”
J. Aquat. Plant Manage. 27, 119-121.

Madsen, J. D., Eichler, L. W., and Boylen, C. W. (1988). “Vegetative spread of Eurasian watermilfoil in Lake George,
New York,” J. Aquat. Plant Manage. 26, 47-50.

Mazzei, K. C., Newman, R. M., Loos, A., and Ragsdale, D. W. (1999). “Developmental rates of the native milfoil
weevil, Euhrychiopsis lecontei, and damage to Eurasian watermifoil at constant temperatures,” Biol. Control 16,
139-143.

McFarland, D. G., and Barko, J. W. (1999). “High-temperature effects on growth and propagule formation in hydrilla
biotypes,” J. Aquat. Plant Manage. 37, 17-25.

McFarland, D. G., and Rogers, S. J. (1998). “The aquatic macrophyte seed bank in Lake Onalaska, Wisconsin,” J. Aquat.
Plant Manage. 36, 33-39.

Newman, R. M., Holmberg, K. L., Biesboer, D. D., and Penner, B. G. (1996). “Effects of a potential biocontrol agent,
Euhrychiopsis lecontei, on Eurasian watermilfoil in experimental tanks,” Aquat. Bot. 53, 131-150.



ERDC/TN APCRP-BC-07
April 2004

Nichols, S. A., and Shaw, B. H. (1986). “Ecological life histories of the three aquatic nuisance plants, Myriophyllum
spicatum, Potamogeton crispus, and Elodea Canadensis,” Hydrobiologia 131, 3-21.

Newman, R. M., Borman, M. E., and Castro, S. W. (1997). “Developmental performance of the weevil Euhrychiopsis
lecontei on native and exotic watermilfoil host plants,” J. North Amer. Benthol. Soc. 16, 627-634.

Sheldon, S.P., and Creed, R. P. (1995). “Use of a native insect as a biological control for an introduced weed,” Ecol.
Appl. 5(4), 1122-1132.

Solarz, S. L., and Newman, R. M. (1996). “Oviposition specificity and behavior of the watermilfoil specialist
Euhrychiopsis lecontei,” Oecologia 106, 337-344.

Smart, R. M., and Barko, J. W. (1985). “Laboratory culture of submersed freshwater macrophytes on natural sediments,”
Aquat. Bot. 21, 251-263.

Smith, G. E., Hall, T. F., and Stanley, R. A. (1967). “Eurasian watermilfoil in the Tennessee Valley,” Weeds 15, 95-98.
Washington State Department of Ecology (2003). “Eurasian watermilfoil (Myriophyllum spicatum) — a problem aquatic

plant in Washington.” Internet article at the Washington State Department of Ecology, Water Quality website;
http://'www.ecy.wa.gov/programs/wq/plants/weeds/aqua004.html.

NOTE: The contents of this technical note are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an official endorsement
or approval of the use of such products.

9



	PURPOSE
	BACKGROUND
	METHODS AND MATERIALS:
	STUDY FINDINGS:
	CONCLUSIONS AND RECOMMENDATIONS:
	POINTS OF CONTACT:
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


