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ABSTRACT

Identifying links between environmental variables and infectious disease risk is essential to understanding how
human-induced environmental changes will effect the dynamics of human and wildlife diseases. Although land
cover change has often been tied to spatial variation in disease occurrence, the underlying factors driving the cor-
relations are often unknown, limiting the applicability of these results for disease prevention and control. In this
study, we described associations between land cover composition and West Nile virus (WNV) infection preva-
lence, and investigated three potential processes accounting for observed patterns: (1) variation in vector density;
(2) variation in amplification host abundance; and (3) variation in host community composition. Interestingly, we
found that WNV infection rates among Culex mosquitoes declined with increasing wetland cover, but wetland
area was not significantly associated with either vector density or amplification host abundance. By contrast, wet-
land area was strongly correlated with host community composition, and model comparisons suggested that this
factor accounted, at least partially, for the observed effect of wetland area on WNV infection risk. Our results
suggest that preserving large wetland areas, and by extension, intact wetland bird communities, may represent a
valuable ecosystem-based approach for controlling WNV outbreaks. Key Words: West Nile virus—Emerging in-
fectious disease—Vector-borne disease—Culex—Passeriformes—Wetlands—Land cover. Vector-Borne Zoonotic
Dis. 7, 173–180.
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INTRODUCTION

THE EFFECT OF LAND USE change on infectious
disease emergence has garnered wide-

spread attention in recent years (Foley et al.
2005, Patz et al. 2000, 2004), stimulating an in-
crease in research aimed at understanding as-
sociations between land use/land cover and in-
fectious disease risk. One common approach
used by such studies involves quantifying
landscape characteristics and exploring pat-
terns of association between land cover and in-
dices of infectious disease risk (Curran et al.
2000, Ostfeld et al. 2005). In many cases, the ul-
timate goal of these analyses is to predict fu-

ture distributions of disease based on environ-
mental characteristics, however, there remain
several important complications with this ap-
proach. Foremost among these is that often,
where correlations between land use/land
cover and disease prevalence have been estab-
lished, the underlying processes accounting for
observed patterns remain unknown (Boone et
al. 2000, Engenhalter et al. 1999, Gibbs et al.
2006). As a consequence, significant gaps re-
main in our understanding of how human-in-
duced landscape changes influence infectious
disease dynamics, severely limiting efforts to
prevent and control emerging and reemerging
diseases.
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West Nile virus (WNV) is a recently emerged
vector-borne disease in the United States, and
land cover variation may play an important role
in shaping distributions of this disease (Brown-
stein et al. 2002, Gibbs et al. 2006, Ruiz et al. 2004).
One mechanism by which land cover could in-
fluence disease prevalence is through direct ef-
fects on the abundance of hosts or vectors in the
environment (Beck et al. 1994, Dister et al. 1997,
Olsson et al. 2005). Alternatively, effects of land
use/land cover on disease risk could be medi-
ated by variation in interactions among species
occurring in different habitat types, or by differ-
ences in the relative composition of hosts or vec-
tors across environments (LoGiuidice et al. 2003).
Distinguishing between these processes is criti-
cal for understanding how to predict and con-
trol future WNV outbreaks.

In this study, we examined associations be-
tween land cover composition and WNV preva-
lence, and investigated three potential mecha-
nisms accounting for observed patterns: (1)
variation in vector density; (2) variation in ampli-
fication host abundance; and (3) variation in host
community composition. Because mosquitoes in
the genus Culex are the primary vectors of WNV
(Turell et al. 2001, 2005), we used the number of
Culex mosquitoes captured per trap night as a
measure of vector density across habitats, and
measured WNV prevalence as the rate of infection
in these mosquitoes. We used total passerine bird
(order: Passeriformes) abundance as an estimate
of host abundance based on laboratory and field
evidence implicating multiple species of passer-
ines as key virus amplification hosts (Komar et al.
2003, 2005, Reisen et al. 2005a, 2006). Last, based
on results from a related study linking high non-
passerine bird diversity and abundance to reduced
WNV prevalence, and implicating nonpasserine
birds as important WNV dilution hosts (Ezenwa
et al. 2006), we used a novel index, the passerine
to nonpasserine abundance ratio, to estimate the
relative composition of competent versus non-
competent WNV hosts in the environment.

MATERIALS AND METHODS

Study sites and land cover composition

We established six study sites in St. Tam-
many Parish, Louisiana, located in areas vary-

ing in land use/land cover. To quantify land
cover composition across sites we used the 2001
National Land Cover Database, a classified
land cover dataset derived from 30-m resolu-
tion Landsat-7 Enhanced Thematic Mapper
(ETM) imagery collected circa 2000 (Homer et
al. 2004). Using ArcGIS 9.0 (ESRI, Redlands,
CA), we calculated the percent area of eight
land cover types within a 1-km radius of each
study site (total area � 3.14 km2): water, de-
veloped land, barren land, forested upland,
shrub land, herbaceous upland, cultivated
land, and wetland (Fig. 1; see www.epa.gov/
mrlc/nlcd.html for class definitions). Since
only four cover types accounted for over 90%
of the land area across sites, forested upland
(39%), wetland (32%), developed land (10%)
and shrub land (10%), these cover classes were
used to explore associations with WNV preva-
lence.

Mosquito density and WNV prevalence

Between June 3 and October 28, 2003, we col-
lected adult mosquitoes once per week at a
fixed location within each study site. On each
trapping night, two CO2 light traps and one
gravid trap were set per site and run from dusk
until dawn. Traps were retrieved the morning
after each session and mosquito specimens
were transported to the laboratory where
species identification and virus testing were
performed as described in Ezenwa et al. (2006).
Vector density was calculated as the total num-
ber of all Culex mosquitoes captured divided
by the total number of trap nights. Mosquito
infection prevalence was calculated using the
maximum likelihood (MLE) method (Chiang
and Reeves 1962, Walter et al. 1980), imple-
mented in the Microsoft Excel Add-In Pooled-
InfRate 2.0 (Biggerstaff 2004). Twenty Culex
mosquito pools were found to be WNV posi-
tive, and infection prevalence (MLE per 1000
mosquitoes) ranged from 0 to 3.34 (Ezenwa et
al. 2006). We combined all Culex species in our
estimate of WNV infection prevalence because
all of these species were potential WNV vec-
tors. However, since 85% of WNV isolations
came from a single species, Culex nigripalpus,
we also calculated infection prevalence for
Culex nigripalpus only. Because our results were
qualitatively similar for analyses using either
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all Culex MLE or Culex nigripalpus MLE, we
only report results from the all Culex analyses.

Avian abundance and species composition

We estimated bird abundance using the
point transect method as detailed in Ezenwa et
al. (2006). Briefly, 10 transect points spaced �
200 m apart were established within a 1-km ra-
dius of each study site, with one point set at
the mosquito trap in every case. All 60 transect
points were surveyed once by a single observer
between June 24 and 7 July 2003. Surveys be-
gan at dawn and were completed by 11:30 AM.
Point counts lasted for 10 minutes during
which all bird species seen and heard were
recorded. The horizontal distances between all
birds and the transect point were recorded in
10 m intervals up to 100 m. A total of 56 species

were identified across all sites including 35
passerine and 21 nonpasserine species (Ezenwa
et al. 2006). We used the computer program
DISTANCE (Thomas et al. 2005) to estimate the
total abundance of all passerines and all non-
passerines at each site. Relative host commu-
nity composition was calculated as the ratio of
passerine to nonpasserine abundance.

Statistical analyses

First, we tested associations between land
cover composition, WNV prevalence, host, and
vector characteristics using simple linear re-
gression analyses. Next, we examined whether
host or vector variables accounted for correla-
tions between WNV prevalence and land cover
using an information theoretic approach (Burn-
ham and Anderson 2002) to compare the fit of
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FIG. 1. Location and land cover composition of six study sites in southeastern Louisiana. Buffers of 1-km radius
around each site show the area used for quantifying land cover variation across sites. Land cover classes are based
on the 2001 National Land Cover Database.



a series of candidate models (including either
land cover variables only, host/vector vari-
ables only, or a combination of land cover 
and host/vector variables) to observed WNV
prevalence data. For each candidate model, we
calculated the Akiake information criterion cor-
rected for small sample size (AICc), the differ-
ence in AICc between each candidate model
and the best fitting model (� AICc), and the
Akaike weight (�i) which provides information
on the relative support, or likelihood, for each
model. We used the ratio of Akaike weights
(�1/�j) to assess the evidence in support of the
best fitting model over other candidate models
(Burnham and Anderson 2002). We also com-
pared basic regression statistics (F, adjusted r2,
p) for each model. AIC calculations were per-
formed in the software program R (R Core De-
velopment Team). All variables were log trans-
formed to normalize data distributions prior to
analysis.

RESULTS

Vector and host abundance patterns

Across all sites, we collected 42,666 Culex
mosquitoes including 5 potential WNV vectors:
Cx. erraticus, Cx. quinquefasciatus, Cx. nigripal-
pus, Cx. restuans, and Cx. salinarius. Cx. salinar-
ius was the most abundant species collected,
comprising approximately 45% of collections,
followed by Cx. nigripalpus with 31%, Cx. er-
raticus with 17%, Cx. quinquefasciatus with 2%,
and Cx. restuans with less than 1%. Approxi-

mately 5% of Culex specimens were unidentifi-
able to species level. In terms of potential WNV
hosts, of the 56 bird species identified across all
sites, nine of the top ten most abundant species
were passerines (Table 1); and the top three
species, northern cardinal (Cardinalis cardi-
nalis), American crow (Corvus brachyrhynchos),
and blue jay (Cyanocitta cristata) have all been
implicated as important WNV amplification
hosts in St. Tammany Parish (Komar et al.
2005).

Land cover associations

Only one of four land cover types was sig-
nificantly correlated with Culex infection
prevalence. Percent wetland cover was signifi-
cantly negatively correlated with WNV preva-
lence (F � 21.1, r2 � 0.84, p � 0.01), but there
was no association between prevalence and ei-
ther percent forested upland (F � 6.29, r2 �
0.61, p � 0.07), developed land (F � 2.41, r2 �
0.38, p � 0.2), or shrub land (F � 1.66, r2 � 0.36,
p � 0.29). Focusing on wetland area, we then
examined correlations between percent wet-
land cover and Culex density, passerine abun-
dance, and the passerine to nonpasserine ratio.
Wetland area was a significant predictor of host
composition, with the proportion of passerines
to non-passerines declining with an increase in
wetland cover (F � 29.1, r2 � 0.88, p � 0.006;
Fig. 2A). In contrast, there was no significant
association between wetland area and either
passerine abundance (F � 0.008, r2 � 0.002, p �
0.93; Fig. 2B) or Culex density (F � 1.0, r2 � 0.2,
p � 0.37; Fig. 2C).
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TABLE 1. TEN MOST ABUNDANT BIRD SPECIES ACROSS STUDY SITES AND

PERCENT OF THE TOTAL COMMUNITY REPRESENTED BY EACH SPECIES

Passerine (P), Abundance Percent of total
Species Nonpasserine (NP) estimate community (%)

Northern cardinal (Cardinalis cardinalis) P 4299 14.1
American crow (Corvus brachyrhynchos) P 227 8.6
Blue jay (Cyanocitta cristata) P 2567 8.4
Red-winged blackbird (Agelaius phoeniceus) P 1791 5.9
Tufted titmouse (Baeolophus bicolor) P 1791 5.9
Carolina wren (Thryothorus ludovicianus) P 1612 5.3
Red-bellied woodpecker (Melanerpes carolinus) NP 1433 4.7
Carolina chickadee (Poecile carolinnsis) P 955 3.1
Eastern towhee (Pipilo erythrophthalmus) P 896 2.9
Northern mockingbird (Mimus polyglottos) P 717 2.3



Model comparisons

Given the strong association between wet-
land area and passerine to nonpasserine ratio,
we tested whether host composition could par-
tially account for the observed association be-
tween wetland cover and WNV prevalence.
Comparing models including either percent

wetland cover, passerine to nonpasserine ratio,
or both, we found that the model with passer-
ine to nonpasserine ratio as the sole predictor
of WNV prevalence had the most support
based on Akaike weights, while the model in-
cluding both wetland cover and passerine to
nonpasserine ratio had the least support (Table
2). The weight of evidence (Akaike weight ra-
tio) supporting the highest ranked model
(model 1: passerine to non-passerine ratio) over
the other candidate models was 1.79 for model
2 (percent wetland cover) and 22.6 � 105 for
model 3 (percent wetland cover � nonpasser-
ine to passerine ratio). The passerine to non-
passerine ratio model was also the best fitting
model based on r2 values (Table 2).

DISCUSSION

Of four landscape variables investigated in
this study, wetland area was the only signifi-
cant predictor of WNV prevalence. Interest-
ingly, an increase in wetland area was associ-
ated with a decline in virus prevalence,
suggesting that wetlands had a dampening ef-
fect on WNV amplification. This result directly
contradicts the commonly cited idea that wet-
lands pose an increased risk for many mos-
quito-borne diseases by increasing vector den-
sities and disease transmission (Reisen et al.
2000, Schafer et al. 2004, Willott 2004). We
found no significant correlation between wet-
land area and Culex density, although there
was a trend toward increasing mosquito den-
sity with increasing wetland area (Fig. 1C).
However, given that mosquito infection rates
declined with increasing wetland area despite
this positive trend between wetland area and
mosquito density, it is highly unlikely that vari-
ation in mosquito density can account for the
observed negative relationship between wet-
land area and WNV prevalence.

Wetlands are well-known to support both a
high density and diversity of bird species (In-
man et al. 2002, Sallabanks et al. 2000), thus as-
sociations between wetlands and bird abun-
dance or community composition could also be
important factors driving the correlation be-
tween wetland area and WNV prevalence. Pre-
vious work in this study system has shown that
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FIG. 2. Associations between percent wetland cover and
(A) host community composition (passerine to non-
passerine ratio); (B) host abundance (passerine abun-
dance); and (C) vector density (Culex per trap night). *p �
0.01; NS � not significant.



bird diversity and abundance are key predic-
tors of vector infection rates (Ezenwa et al.
2006). As such, we explored the degree to
which differences in the bird community across
sites could account for the observed wetland
pattern. When we looked at associations be-
tween wetland area and passerine abundance,
we found no significant correlation between
the two variables indicating that wetland area
had little effect on the absolute abundance of
potential WNV amplification hosts. Thus, a de-
cline in the number amplification hosts in
larger wetlands is unlikely to explain the neg-
ative association between wetland area and
WNV prevalence. In fact, shrubland area was
a significant positive predictor of passerine
abundance (r2 � 0.85; p � 0.03; unpublished
data), yet variation in this landscape feature
had no effect on virus infection rates, reinforc-
ing the fact that land cover effects on WNV
prevalence are not mediated by absolute
changes in amplification host abundance in this
system.

In terms of host community composition, we
found that the ratio of passerine to nonpasser-
ine abundance was significantly and negatively
correlated with wetland area. Our use of the
passerine to nonpasserine ratio as an estimate
of the relative composition of competent and
non-competent hosts in a habitat is an exten-
sion of prior work linking bird diversity, abun-
dance and WNV prevalence in this study sys-
tem (Ezenwa et al. 2006). Since nonpasserine
birds potentially disrupt efficient WNV trans-
mission by acting as dilution hosts (Ezenwa et
al. 2006), whereas many passerine species, in-
cluding the most abundant species identified at
our study sites, act as efficient virus amplifica-
tion hosts (Komar et al. 2003, 2005), a difference
in the relative composition of passerine and
nonpasserine birds should have a strong effect

on the number of virus transmission events oc-
curring in a community. Given the strong as-
sociation between the passerine to nonpasser-
ine ratio and wetland area, it is plausible that
variation in host community composition ac-
counts for the observed WNV prevalence-wet-
land area pattern. In support of this idea, our
comparison of three candidate models ex-
plaining variation in WNV prevalence sug-
gested that the effects of percent wetland cover
and passerine to nonpasserine ratio were non-
independent. The model with both variables
included as predictors had almost no support
(� 1%) while the two models with each vari-
able as a sole predictor had the majority of sup-
port (� 99%). Of the two single predictor mod-
els, the passerine to nonpasserine ratio model
had more support according to both Akaike
weight and adjusted r2 comparisons, suggest-
ing that this variable can account, at least par-
tially, for the association between WNV preva-
lence and wetland area. Given the relatively
low evidence ratio (approximately 2:1) sup-
porting the passerine to nonpasserine model
over the wetland area model, however, addi-
tional work comparing similar models and us-
ing a larger dataset will be needed to better
tease apart the links between land cover, host
community structure, and WNV prevalence.

Even though the present study focused on
only a small number of sites, our results are
nevertheless intriguing. While previous work
demonstrated that bird diversity and abun-
dance are strongly linked to WNV prevalence
in both vectors and people (Ezenwa et al. 2006),
results of the current study extend these find-
ings by suggesting that changes in land cover
composition that influence bird community
structure can contribute to variation in WNV
disease risk. Specifically, our results suggest
that variation in wetland cover is strongly as-
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TABLE 2. COMPARISON OF MODELS PREDICTING WEST NILE VIRUS PREVALENCE ACROSS STUDY SITES

Model AICc �AICc Akaike weight F Adj. r2 p

1) log passerine to nonpasserine ratio 25.3 0 0.641 26.5 0.84 0.04
2) log % wetland area 26.46 1.16 0.359` 21.1 0.80 0.01
3) log passerine to nonpasserine ratio 54.56 29.26 0.00000000284 11.4 0.81 0.007

� log % wetland area

AICc, Akiake information criterion corrected.



sociated with mosquito infection rates, due in
part to the effects of wetland area on bird com-
munity composition. Implications of these
findings are that preserving large wetland ar-
eas may help moderate WNV disease risk by
protecting wetland bird communities that act
as natural buffers to WNV amplification. Sup-
porting this conclusion are results from a re-
cent WNV study in California that, contrary to
initial predictions, showed no significant dif-
ference in Culex tarsalis infection rates in a wet-
land site with a dense wading bird (order: Are-
didae) colony compared to a similar site
without a colony. In fact, the mosquito infec-
tion rate at the colony site was lower than the
non-colony site (2.13 versus 3.06), despite an al-
most 2 to 1 difference in mosquito density
(Reisen et al. 2005b), suggesting that wetland
birds can act to dampen WNV amplification.

More broadly, our results indicate that land
cover effects on WNV disease distribution can
be mediated by complex community level
processes that go beyond simple changes in sin-
gle host or vector abundances. This is exem-
plified by the lack of any direct association be-
tween wetland area and either Culex density or
passerine abundance, contrasted with the
strong association between wetland area and
the measure of relative host composition. Based
on these new insights, priorities for future re-
search should include developing a better un-
derstanding of how land cover changes influ-
ence WNV host and vector communities and
their interactions. This type of information will
make us better equipped to predict and control
future WNV outbreaks, and will be key to ad-
vancing a more ecosystem-based approach to
combating infectious diseases.

ACKNOWLEDGMENTS

We thank C. Palmisano, V. Taylor, and the
entire St. Tammany Parish Mosquito Abate-
ment District for invaluable assistance. This
project was funded by the United States Geo-
logical Survey, and field work performed while
V. Ezenwa held a National Research Council
Research Associateship Award. The findings
and opinions reported in this paper are those
of the authors and do not represent the opin-

ions of Centers for Disease Control and Pre-
vention.

REFERENCES

Beck, LR, Rodriguez, MH, Dister, SW, Rodriguez, AD, et
al. Remote sensing as a landscape epidemiologic tool
to identify villages at high risk for Malaria transmis-
sion. Am J Trop Med Hyg 1994; 5:271–280.

Biggerstaff, BJ. PooledInfRate, version 2.0. An Excel
Add-In to compute infection rates from pooled
data.Division of Vector-Borne and Infectious Diseases,
Fort Collins, CO: Centers for Disease Control and Pre-
vention; 2004.

Boone, JD, McGwire, KC, Otteson, EW, DeBaca, RS, et al.
Remote sensing and geographic information systems:
charting Sin Nombre Virus infections in deer mice.
Emerg Infect Dis 2000; 6:248–258.

Brownstein, JS, Rosen, H, Purdy, D, Miller, JR, et al. Spa-
tial analysis of West Nile virus: rapid risk assessment
of an introduced vector-borne zoonosis. Vector Borne
Zoonotic Dis 2002; 2:157–164.

Burnham, KP, Anderson, DR. Model Selection and Multi-
model Inference: A Practical Information-Theoretic Ap-
proach, 2nd ed. New York: Springer-Verlag; 2002.

Chiang, CL, Reeves, WC. Statistical estimation of virus in-
fection rates in mosquito vector populations. Am J Hyg
1962; 75:377–391.

Curran, PJ, Atkinson, PM, Foody, GM, Milton, EJ. Link-
ing remote sensing, land cover and disease. In: Hay SI,
Randolph SE, Rogers DJ, eds. Remote Sensing and Geo-
graphical Information Systems in Epidemiology. London,
UK: Academic Press; 2000:37–80.

Dister, SW, Fish, D, Bros, SM, Frank, DH, et al. Landscape
characterization of periodomestic risk for Lyme disease
using satellite imagery. Am J Trop Med Hyg 1997;
57:687–692.

Engelthaler, DM, Mosley, DG, Cheek, JE, Levy, CE, et al.
Climatic and environmental patterns associated with
hantavirus pulmonary syndrome, four corners region,
United States. Emerg Infect Dis 1999; 5:87-94.

Ezenwa, VO, Godsey, MS, King, RJ, Guptill, SC. Avian
diversity and West Nile virus: testing associations be-
tween biodiversity and infectious disease risk. Proc Roy
Soc Lond B 2006; 273:109–117.

Foley, JA, DeFries, R, Asner, GP, Barford, C, et al. Global
consequences of land use. Science 2005; 300:570–574.

Gibbs, SEJ, Wimberly, MC, Madden, M, Masour, J, et 
al. Factors affecting the geographic distribution of 
West Nile Virus in Georgia: 2002-2004. Vector Borne
Zoonotic Dis 2006; 6:73–82.

Homer, C, Huang, C, Yang, L, Wylie, B, et al. Develop-
ment of a 2001 National Landcover Database for the
United States. Photogrammetric Eng Remote Sensing
2004; 70:829–840.

Inman, RL, Prince, HH, Hayes, DB. Avian communities
in forested riparian wetlands of southern Michigan,
USA. Wetlands 2002; 22:647–660.

LAND COVER AND WEST NILE VIRUS 179



Komar, N, Panella, NA, Langevin, SA, Brault, AC, et al.
Avian hosts for West Nile Virus in St. Tammany Parish,
Louisiana 2002. Am J Trop Med Hyg 2005; 73:1031–
1037.

Komar, N, Langevin, S, Hinten, S, Nemeth, N, et al. Ex-
perimental infection of North American birds with the
New York 1999 strain of West Nile virus. Emerg Infect
Dis 2003; 9:311–322.

LoGiudice, K, Ostfeld, RS, Schmidt, KA, Keesing, F. The
ecology of infectious disease: effects of host diversity
and community composition on Lyme disease risk.
Proc Natl Acad Sci USA 2003; 100:567–571.

Olsson, GE, White, N, Hjalten, J, Ahlm, C. Habitat factors
associated with bank voles (Clethrionomys glareolus) and
concomitant Hantavirus in Northern Sweden. Vector
Borne Zoonotic Dis 2005; 5:315–323.

Ostfeld, RS, Glass, GE, Keesing, F. Spatial epidemiology:
an emerging (or re-emerging) discipline. Trends Ecol
Evol 2005; 20:328–336.

Patz, JA, Graczyk, TK, Geller, N, Vittor, AY. Effects of en-
vironmental change on emerging parasitic diseases. Int
J Parasitol 2000; 30:1395–1405.

Patz, JA, Daszak, P, Tabor, GM, Aguirre, AA, et al. Un-
healthy landscapes: policy recommendations on land
use change and infectious disease emergence. Environ
Health Perspect 2004; 112:1092–1098.

Reisen, WK, Fang, Y, Martinez, VM. Avian host and mos-
quito (Diptera: Culicidae) vector competence determine
the efficiency of West Nile and St. Louis Encephalitis
virus transmission. J Med Entomol 2005a; 42:367–375.

Reisen, WK, Wheeler, SS, Yamamoto, S, Fang, Y, et al.
Nesting ardeid colonies are not a focus of elevated West
Nile virus activity in southern California. Vector Borne
Zoonotic Dis 2005b; 5:258–266.

Reisen, WK, Lundstrom, JO, Scott, TW, Eldridge, BF, et
al. Patterns of avian seroprevalence to Western Equine
Encephalomyelitis and Saint Louis Encephalitis viruses
in California, USA. J Med Entomol 2000; 37:507–527.

Reisen, WK, Barker, CM, Carney, R, Lothrop, HD, et al.
Role of corvids in epidemiology of West Nile virus

in Southern California. J Med Entomol 2006;
43:356–367.

Ruiz, MO, Tedesco, C, McTighe, TJ, Austin, C, et al. En-
vironmental and social determinants of human risk
during a West Nile virus outbreak in the greater
Chicago area, 2002. Int J Health Geogr 2004; 3:8.

Sallabanks, R, Walters, JR, Collazo, JA. Breeding bird
abundance in bottomland hardwood forests: Habitat,
edge, and patch size effects. Condor 2000; 102:
748–758.

Schafer, ML, Lundstrom, JO, Pferrer, M, Lundkvist, E, et
al. Biological diversity versus risk for mosquito nui-
sance and disease transmission in constructed wetlands
in southern Sweden. Med Vet Entomol 2004; 18:256–
267.

Thomas, L, Laake, JL, Strindberg, S, Marques, FFC, et al.
Distance 5.0. Release Beta 3. Research Unit for Wildlife
Population Assessment, University of St. Andrews, UK;
2005.

Turell, MJ, Sardelis, MR, Dohm, DJ, O’Guinn, ML. Po-
tential North American vectors of West Nile virus. Ann
N Y Acad Sci 2001; 951:317–324.

Turell, MJ, Dohm, DJ, Sardelis, MR, O’Guinn, ML, et al.
An update on the potential of North American mos-
quitoes (Diptera: Culicidae) to transmit West Nile virus.
J Med Entomol 2005; 42:57–62.

Walter, SD, Hildreth, SW, Beaty, BJ. Estimation of infec-
tion rates in populations of organisms using pools of
variable size. Am J Epidemiol 1980; 112:124–128.

Willott, E. Restoring nature, without mosquitoes? Restor
Ecol 2004; 12:147–153.

Address reprint requests to:
Dr. Vanessa Ezenwa

Division of Biological Sciences
University of Montana

Missoula, MT 59812

E-mail: vanessa.ezenwa@umontana.edu

EZENWA ET AL.180



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /ATTorino-Bold
    /ATTorino-Condensed
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AvantGarde-Bold
    /AvantGarde-BoldObl
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-CondBold
    /AvantGarde-CondBook
    /AvantGarde-CondDemi
    /AvantGarde-CondMedium
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGarde-ExtraLight
    /AvantGarde-ExtraLightObl
    /AvantGarde-Mdm
    /AvantGarde-Medium
    /AvantGarde-MediumObl
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-Italic
    /BauerBodoni-Roman
    /Belwe-Bold
    /Belwe-Condensed
    /Belwe-Light
    /Belwe-Medium
    /BelweT-LighItal
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BiffoMT
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /Bookman-Bold
    /Bookman-BoldItalic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Bookman-Medium
    /Bookman-MediumItalic
    /BorderPi-OneFiveOneFiveNine
    /BrushScript
    /Carta
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /Century-Bold
    /Century-BoldCond-DTC
    /Century-BoldCondItalic-DTC
    /Century-BoldCondensed
    /Century-BoldCondensedItalic
    /Century-BoldItalic
    /Century-Book
    /Century-BookCond-DTC
    /Century-BookCondItalic-DTC
    /Century-BookCondensed
    /Century-BookCondensedItalic
    /Century-BookItalic
    /Century-Light
    /Century-LightCond-DTC
    /Century-LightCondIta-DTC
    /Century-LightCondensed
    /Century-LightCondensedItalic
    /Century-LightItalic
    /Century-Ultra
    /Century-UltraCond-DTC
    /Century-UltraCondIta-DTC
    /Century-UltraCondensed
    /Century-UltraCondensedItalic
    /Century-UltraItalic
    /Century751BT-ItalicB
    /Century751BT-RomanB
    /CenturyExpanded
    /CenturyExpanded-Italic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CgTorinoOutline
    /Cheltenham-Bold
    /Cheltenham-BoldCond
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookCond
    /Cheltenham-BookCondItalic
    /Cheltenham-BookItalic
    /Cheltenham-Light
    /Cheltenham-LightCond
    /Cheltenham-LightCondItalic
    /Cheltenham-LightItalic
    /Cheltenham-Ultra
    /Cheltenham-UltraItalic
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClarendonBT-BoldCondensed
    /ClarendonBT-RomanCondensed
    /CompactaBoldPlain
    /CompactaItalicPlain
    /CompactaOnlShaD-ReguItal
    /CooperBlack
    /CooperBlack-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /DINEngschrift-Alternate
    /EdwardianScriptITC
    /ElectraLH-Bold
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FranklinGothic-Book
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-CondensedOblique
    /FranklinGothic-Demi
    /FranklinGothic-DemiOblique
    /FranklinGothic-ExampleNumber
    /FranklinGothic-ExtraCond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-CondExtraBoldObl
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Mdm
    /Futura-MdmCnd
    /Futura-MdmCndItl
    /Futura-MdmItl
    /Futura-Oblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaBoldModified
    /FuturaBoldObliqueModified
    /FuturaEF-DemiBold
    /FuturaEF-DemiBoldObl
    /FuturaModified
    /FuturaObliqueModified
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBold-ScholasticLg
    /GillSans-ExtraBold-ScholasticSm
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GillSansExtraBoldItalic
    /GillSansUltraBoldItalic
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goldwater
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-BoldItalicOsF
    /Goudy-BoldOsF
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /Goudy-ItalicOsF
    /Goudy-SC
    /GoudyCatalog-Itl
    /GoudyCatalog-Rgl
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-LightOblique
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /Humanist521BT-Roman
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /ItcEras-Bold
    /ItcEras-Book
    /ItcEras-Demi
    /ItcEras-Light
    /ItcEras-Medium
    /ItcEras-Ultra
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /Linoscript
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-Italic
    /Machine
    /MediciScript
    /Minion-Black
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Modern735BT-RomanA
    /Modern880BT-Bold
    /Modern880BT-Italic
    /Modern880BT-Roman
    /NewBaskerville-Black
    /NewBaskerville-BlackItalic
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-BoldItalicOsF
    /NewBaskerville-BoldSC
    /NewBaskerville-Italic
    /NewBaskerville-ItalicOsF
    /NewBaskerville-Roman
    /NewBaskerville-SC
    /NewBaskerville-SemiBold
    /NewBaskerville-SemiBoldIta
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /Nofret-Bold
    /Nofret-BoldItalic
    /Nofret-Italic
    /Nofret-Light
    /Nofret-LightItalic
    /Nofret-Medium
    /Nofret-MediumItalic
    /Nofret-Regular
    /Novarese-Bold
    /Novarese-BoldItalic
    /Novarese-Book
    /Novarese-BookItalic
    /Novarese-Medium
    /Novarese-MediumItalic
    /Novarese-Ultra
    /OCRA
    /OCRB
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /Palatino-Black
    /Palatino-BlackItalic
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-BoldItalicOsF
    /Palatino-BoldOsF
    /Palatino-Italic
    /Palatino-ItalicOsF
    /Palatino-Light
    /Palatino-LightItalic
    /Palatino-Medium
    /Palatino-MediumItalic
    /Palatino-Roman
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /RomanaBT-Bold
    /RomanaBT-Roman
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanSC
    /SmileyFace
    /Sonata
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /StoneSerifTn4
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Techno
    /TimelessCyrillic-Bold
    /TimelessCyrillic-Light
    /TimelessCyrillic-LightIta
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesEuropa-Bold
    /TimesEuropa-BoldItalic
    /TimesEuropa-Italic
    /TimesEuropa-Roman
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /ToonRoman
    /TorinoModern-Bold
    /TorinoModern-BoldItalic
    /TorinoModern-Italic
    /TorinoModern-Roman
    /Trajan-Bold
    /Trajan-Regular
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /UniversityRoman
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /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 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /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 0.15
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents for RR Donnelley Book plants. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


