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ABsTRACT.—We evaluated associations between the Conservation Reserve Program (CRP) and Ring-necked Pheasant (Phasianus
colchicus) populations by modeling Breeding Bird Survey (BBS) counts of Ring-necked Pheasants during 1987-2005 along 388 routes
in nine states. Ring-necked Pheasant counts were analyzed as overdispersed Poisson counts in a Bayesian hierarchical model estimated
with Markov-chain Monte Carlo methods. This approach allowed for simultaneous estimation of the relationships between BBS counts
and various habitat types, including CRP habitat types, for multiple regions and across the entire study area. The predictor variables in-
cluded a time trend and percentages of major National Land Cover Dataset 1992 and CRP habitat types within a 1,000-m buffer around
each route, along with other patch metrics. The deviance information criterion was used as a guide to help identify the most parsimoni-
ous model. We estimated that, on average, there was a positive association of Ring-necked Pheasant counts with the amount of CRP her-
baceous vegetation within a 1,000-m buffer around a route. The analysis can be repeated periodically to model changes in Ring-necked
Pheasant populations associated with new CRP enrollments and expiration of existing CRP contracts on a large scale. Our methodology
can also be extended to other species and to other states and regions. Received 4 January 2007, accepted 5 August 2007.
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Estimacion de la Respuesta de Phasianus colchicus al Programa de Conservacion de Reservas

ResuMEN.—Evaluamos las asociaciones entre el Programa de Conservacién de Reservas (PCR) y las poblaciones de Phasianus col-
chicus mediante modelos utilizando los conteos de P. colchicus realizados por el Muestreo de Aves Reproductivas (BBS, por sus siglas en
inglés) entre 1987 y 2005 a lo largo de 388 rutas en nueve estados. Los conteos de P. colchicus fueron analizados como conteos de Poisson
con sobredispersién en un modelo jerdrquico Bayesiano estimado con métodos de Monte Carlo y cadenas de Markov. Este enfoque per-
mitié la estimacién simultdnea de la relacion entre los conteos del BBS y varios tipos de hébitat, incluyendo los tipos de hébitat del PCR,
para multiples regiones y a través de toda el rea de estudio. Las variables de prediccion incluyeron una tendencia temporal y los por-
centajes de los principales tipos de la Base de Datos de Cobertura Terrestre Nacional de 1992 y los tipos de habitat del PCR dentro de un
area de amortiguamiento de 1000 m alrededor de cada ruta, junto con otras medidas de los parches. El criterio de informacién de des-
vio fue usado como una guia para ayudar a identificar el modelo mds parsimonioso. Estimamos que, en promedio, hubo una asociacién
positiva entre los conteos de P. colchicus y la cantidad de vegetacion herbdcea del PCR dentro de un drea de amortiguamiento de 1000 m
alrededor de una ruta. El andlisis pude ser repetido periédicamente para modelar cambios en las poblaciones de P. colchicus asociados
alaincorporacién de nuevos PCR y la expiracion de contratos existentes de PCR a gran escala. Nuestra metodologia puede también ser
extendida a otras especies y a otros estados y regiones.
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THE CONSERVATION RESERVE Program (CRP) makes annual lease
payments from the Farm Service Agency (FSA) available to land-
owners for establishing resource-conserving cover on eligible
farmland. The FSA’s June 2004 CRP overview (Barbarika et al.
2004:1) states that “over 34.7 million acres of environmentally sen-
sitive and fragile lands have been placed into grass and trees that
improve the soil, water, air, and wildlife resources of the Nation.”
Some CRP practices may indirectly benefit wildlife by improving
soil and water quality, whereas others may provide increased wild-
life habitat by restoring native vegetation and wetlands or supply-
ing wildlife food plots. Barbarika et al. (2004, list 29 CRP practices
that may benefit wildlife species.

In the present study, we focus on the effects of CRP on Ring-
necked Pheasants (Phasianus colchicus). Although the Ring-
necked Pheasant is an exotic species, they are often associated
with agricultural lands (Giudice and Ratti 2001) and have ecologi-
cal characteristics that make them good indicators of agricultural
landscapes and the successional habitat created by CRP. Ring-
necked Pheasants use a variety of habitats throughout the year.
They use wetlands and shrublands—as opposed to croplands, de-
veloped lands, grasslands, or forests—heavily during winter (Smith
et al. 1999). They use dense vegetation such as warm-season
grasses, cattail (Typha spp.), and canary grass (Phalaris spp.) dur-
ing harsh winter weather (Gabbert et al. 1999). They often roost in
trees or dense shrubs (Stokes 1956) but also use Alfalfa (Medicago
alfalfa) and residual grass cover and nest in tall vegetation consist-
ing of grasses, weeds, or shrubs (Olsen 1977). Therefore, at differ-
ent times of the year, Ring-necked Pheasants would be expected to
benefit from many of the CRP practices.

Some attempts have already been made to assess the effects of
CRP on Ring-necked Pheasants. Generally, these smaller studies
have shown positive associations between Ring-necked Pheasant
numbers and CRP. In Brookings County, South Dakota, Larsen
et al. (1994) found greater numbers of Ring-necked Pheasants in
food plots in or near CRP fields of Switchgrass (Panicum virga-
tum) that provided adequate winter cover during high snow depth.
Patterson and Best (1996) reported nearly a threefold increase in
Ring-necked Pheasant densities in CRP versus row-crop fields in
Marshall County, Iowa. A study by Clark et al. (1999) in two north-
ern counties of lowa suggested that adding blocks of CRP of >15 ha
to intensively farmed landscapes could improve nest success. Best
et al. (2001) evaluated relationships between landscape composi-
tion and plot counts of various bird species conducted from mid-
May to late July in row-crop fields within six counties of Iowa with
moderate to large areas of CRP; however, results for Ring-necked
Pheasants were inconclusive. In a study of 42 CRP fields in eastern
South Dakota, Eggebo et al. (2003) found that increases in Ring-
necked Pheasant abundance and productivity were associated
with CRP field age and cover type, which largely reflected differ-
ences in vegetation structure. They found that 10- to 13-year-old
cool-season-grass CRP fields provided the best habitat for Ring-
necked Pheasants. Haroldson et al. (2006) found a positive associ-
ation between Ring-necked Pheasant counts and CRP grasslands
in south-central Minnesota. Until now, Nusser et al. (2004) pro-
vided what was the largest and most quantitative analysis of the ef-
fects of CRP on Ring-necked Pheasants. These authors combined
land-use data from the National Resources Inventory and the an-
nual Iowa state pheasant population survey to model the effects of

CRP on Ring-necked Pheasants in Iowa. They found that benefits
were greatest when CRP replaced cropland where the initial pe-
rennial habitat base was lower.

To quantitatively evaluate the benefits to wildlife popula-
tions when considering CRP offers, and to comply with the Gov-
ernment Performance and Results Act (GPRA), the FSA needs
accurate estimates of the responses of wildlife populations to
land-use changes and habitat development related to CRP prac-
tices throughout the United States and the ability to link popula-
tion changes to changes in CRP enrollments. We related indices
of Ring-necked Pheasant populations based on the Breeding Bird
Survey (BBS) to CRP practices using a Bayesian hierarchical mod-
eling approach that treated BBS counts as resulting from a multi-
level probability structure (Link and Sauer 2002; Thogmartin et al.
2004b, 2006). At the highest level, the study area, we postulated
that BBS counts were related to habitat covariates in a very general
sense (e.g., positive association versus negative association). How-
ever, regional differences in these relationships likely existed (e.g.,
strong, mild, or weak positive association), resulting in a hierar-
chical structure. Our hierarchical model had the ability to accom-
modate the complex nature of the BBS survey design and residual
spatial autocorrelation in the BBS counts, provide predictions of
Ring-necked Pheasant counts for individual routes, and simulta-
neously estimate relationships between BBS counts and habitat
types for specific regions and across the study area.

METHODS

Model data.—The BBS is an annual survey administered by the
U.S. Geological Survey (USGS). The surveys are conducted along
secondary roads during the peak of the nesting season, primar-
ily in June. Survey routes are located using a stratified random
process within states to sample habitats that are representative of
large regions. The standard route is 39.4 km long, with a total of 50
stops located at 805-m intervals along the route. A 3-min count
is conducted at each stop, during which the observer records all
birds heard or seen within 402 m (Sauer et al. 2001; for a link to
more details about the BBS program, see Acknowledgments). We
used the sum of Ring-necked Pheasant counts along a route within
ayear as an index of abundance.

The BBS produces an index of abundance rather than a com-
plete count or density of breeding bird populations. Analyses of
BBS counts assume that fluctuations in these indices of abun-
dance are representative of changes in the population as a whole
(Sauer et al. 2001). The BBS is biased toward species that are de-
tectable from roadsides. It is most likely to be sensitive to popula-
tion changes of species likely to be observed along roads where the
roadside habitat is representative of the larger area and the factors
affecting the bird population are present along the road. Bystrak
(1981) discussed the utility of the BBS and stated that it has dem-
onstrated its usefulness as an effective index of bird population
levels, both temporally and spatially.

Geographic-information-system (GIS) data for the locations
of the BBS’s digitized routes in North America are available from
the Bird Conservation Node of the National Biological Informa-
tion Infrastructure (see Acknowledgments). Bird count data are
available from the USGS Patuxent Wildlife Research Center’s
website (see Acknowledgments). Only those routes and years
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identified as acceptable by the BBS for inclusion in analyses were
used. To model the relative abundance of Ring-necked Pheasants
along BBS routes, the routes were buffered at three levels—ex-
tending radially outward from the route at distances of 400 m,
700 m, and 1,000 m—and the percentages of CRP lands and other
major habitat types within each buffer were calculated and used
as predictor variables. If BBS routes were straight lines, these buf-
fer sizes would correspond to 3,154 ha, 5,520 ha, and 7,886 ha, re-
spectively. These three buffer sizes were chosen on the basis of the
BBS survey protocol (i.e., birds are counted if seen or heard within
402 m) and the potential home-range sizes and daily movements
of Ring-necked Pheasants (Giudice and Ratti 2001).

The CRP data were provided by the FSA and processed by
the U.S. Department of Agriculture Economic Research Service
(ERS). As of November 2005, spatially explicit county-level data
for nine states in the range of Ring-necked Pheasants—Idaho,
Kansas, Minnesota, Missouri, Nebraska, North Dakota, Oregon,
South Dakota, and Utah—were available for analysis (Fig. 1). Un-
fortunately, digitized maps of CRP lands were not complete or
available at the time of the present study for much of the eastern
cornbelt (Feed Grain and Livestock Land Resource Region, espe-
cially Iowa and Illinois) and for areas of the Rockies (Colorado,
Wyoming, and Montana). We understand the importance of these
limitations and suggest rerunning the analysis when the complete
data become available. Data from the BBS website (Sauer et al.
2007) suggest moderate to high average counts (10-30) in 1994—
2003 for large areas of four states in these regions not included in
our analysis: Washington, Montana, Iowa, and Illinois. However,
we were able to include the four states with the largest contiguous

areas of BBS routes with average counts >30: North Dakota, South
Dakota, Nebraska, and Kansas.

We combined CRP practices into five categories (Table 1).
This was necessary because of the small areas of rare CRP en-
rollment types across the landscape (data available from the FSA
website; see Acknowledgments). In addition, it is believed that any
effect of CRP enrollment types and ages on Ring-necked Pheas-
ant abundance is largely attributable to differences in vegetation
structure (Eggebo et al. 2003), and our five CRP categories repre-
sent a range of vegetation structures.

It was possible for a CRP contract to have multiple practices
and for there to be no further information in the available data on
how those practices were distributed within the contract parcel.
Our solution for when a buffer edge intersected CRP contract par-
cels was to assign proportions of the parcels to specific CRP prac-
tices within the buffer. In some instances, the number of acres for
a practice and the size of a parcel matched; we assumed that the
practice was restricted to a single parcel for that contract.

In other instances, a single parcel contained multiple CRP
practices. In those instances, two approaches were necessary. To
most accurately assign the proportion of area for a specific CRP
practice within the buffer, the different practices were randomly
spread across the parcel(s) of the contract on the basis of known
shares. Although this method was useful for achieving correct
proportions, it would have artificially inflated the amount of edge
and number of patches within the parcels, thereby biasing esti-
mates of edge density and interspersion—juxtaposition as mea-
sured by FRAGSTATS (see below). Therefore, for these variables,
each parcel was assigned the dominant practice for the contract.

Fic. 1. Range map for Ring-necked Pheasants (Ridgely et al. 2003).
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TasLE 1. Conservation Reserve Program enrollment types and assigned
categories for analysis.

TaBLE 2. National Land Cover Dataset (NLCD) 1992 classifications and
assigned categories for analysis.

Enrollment Name Category NLCD 92 classification (grid code) Category
CP7 Erosion control structures Developed Low-intensity residential (21) Developed (or barren)
CP6 Diversions Developed High-intensity residential (22) Developed (or barren)
CP12 Wildlife food plot Herbaceous vegetation ~ Commercial-industrial-transport (23) Developed (or barren)
CP33 Upland bird-habitat buffer ~ Herbaceous vegetation  Bare rock (31) Developed (or barren)
CP18 Salinity-reducing vegetation ~ Herbaceous vegetation  Quarries—mines (32) Developed (or barren)
CP25 Rare and declining habitat ~ Herbaceous vegetation  Urban-recreational grasses (85) Developed (or barren)
Cp2 Native grasses Herbaceous vegetation  Deciduous forest (41) Forested
CP29 Marginal pasture-wildlife ~ Herbaceous vegetation  Evergreen forest (32) Forested
habitat buffer Mixed forest (43) Forested
CP30 Marginal pasture-wetland ~ Herbaceous vegetation ~ Shrubland (51) Woody vegetation
buffer Orchard-vineyard (61) Woody vegetation
CP1 Introduced grasses Herbaceous vegetation  Grasslands—herbaceous (71) Herbaceous vegetation
CP8 Grass waterways Herbaceous vegetation  Pasture—hay (81) Herbaceous vegetation
CP21 Filter strips Herbaceous vegetation ~ Row crops (82) Agricultural field
CP13 (Aand C)  Filter strips Herbaceous vegetation ~ Small grains (83) Agricultural field
CP10 Established grasses Herbaceous vegetation  Fallow (84) Agricultural field
CpP24 Crosswind trap strips Herbaceous vegetation ~ Woody wetlands (91) Wetland
CP15 Contour grass strips Herbaceous vegetation ~ Emergent-herbaceous wetlands (92) Wetland
CP14 Wetland trees Trees
CP3 Tree planting Trees
CP13 (Band D) Filter strips Trees
CP16 Shelterbelts Trees
CpP22 Riparian buffers Trees expert opinion. Although category names of NLCD and CRP types
CcpP17 Living snow fences Trees are similar (Tables 1 and 2), these habitats are known to be qualita-
CP3A Hardwood tree planting Trees tively distinct. For example, NLCD herbaceous vegetation is often
CP5 Field v.vmdbreaks Trees mowed, sprayed, burned, and grazed, whereas CRP herbaceous veg-
CP11 Established trees Trees Lo o .
CP31 Bottomland hardwood trees  Trees etation is mostly unmanaged to mimic natural habitats.
CP19 Alley-cropping Trees The program FRAGSTATS was used to calculate an index
CP9 Wildlife water Wetland—water of interspersion—juxtaposition (McGarigal and Marks 1995; see
CP23 Wetland restoration Wetland—-water Acknowledgments) of land-use categories and edge density. This
cp27 Farmable wetland Wetland-water was accomplished by identifying unique patches of NLCD and
program-wetland CRP categories. Patches were identified as groups of 30 x 30 m
Cp28 Farmable wetland Wetland-water cells falling into one of the 11 NLCD or CRP categories.
program—upland buffer ) Land resource regions (LRR) were defined as strata in the
CP4 (A, BorC)  Wildlife habitat corridor Woody vegetation analysis. The LRR information was downloaded as ArcInfo cover-
CP4 Wildlife habitat Woody vegetation . . .
CP20 Alternative perennials Woody vegetation age from the Natural Resource Conservation Service website (see

We also included National Land Cover Dataset (NLCD) 1992
habitat types in our analysis of Ring-necked Pheasant counts by
overlapping and aggregating the image with the CRP data. The 1992
NLCD was the most recent and complete NLCD available at the time
of the present study, and this image corresponds to the peak of CRP
enrollment in many regions. The NLCD classifications were grouped
into six categories (Table 2). Grouping of NLCD classifications was
largely done to reduce the effect of known errors and inconsistencies
in the data attributable to the effects of imagery timing, classification
ambiguity, and interpreter management (Thogmartin et al. 2004-a).
Thogmartin et al. (2004a) proposed that aggregating classes is an ac-
ceptable compensatory method for alleviating some of the NLCD
1992 classification errors. Land-cover categories from the NLCD
1992 considered in this analysis were chosen a priori on the basis of
a review of relevant literature (Thogmartin et al. 2004a, 2006) and

Acknowledgments). We assigned each BBS route to an LRR. For
routes crossing LRR boundaries, each route was assigned to the
LRR that contained the majority of the route.

Statistical modeling—In many instances, the available CRP
data did not contain information that would allow estimation of
the age of a contract. Another major limitation was that the data
did not contain information about expired CRP contracts. Given
these restrictions, it was not possible to obtain a snapshot of CRP
for any period before 2004. Therefore, it was not possible to de-
velop a longitudinal data set of CRP. We analyzed, across several
years (1987-2005), the relationship of Ring-necked Pheasant counts
along BBS routes to snapshots of the landscape based on the avail-
able NLCD (1992) and CRP (2004) data.

To accommodate the spatial heterogeneity of NLCD and
CRP cover types and the multilevel sampling design of the
BBS, we took a Bayesian hierarchical modeling approach simi-
lar to the methodology described in Thogmartin et al. (2004b,
2006). A Bayesian hierarchical model was fitted using Markov-
chain Monte Carlo (MCMC) methods (Link et al. 2002) to model
BBS counts of Ring-necked Pheasants as overdispersed Poisson
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counts (i.e., the variance is larger than in the standard Poisson
distribution). Using counts of Ring-necked Pheasants since the
beginning of the CRP (1987-2005) along routes where at least one
Ring-necked Pheasant had been observed during this period, we
modeled the expected value kiit of count Y, in LRR i at route j in
yearfas

P
loglAy 1= LRR, +7,(t =15+ )" By +0, + @, +2

k=1

where ¢* was the median year (1996) from which change was mea-
sured, Y, was the trend over time (change per year) in LRR 4, Bik
were environmental (fixed) effects of covariates X in LRR i, kin-
dexes the number of environmental effects, o, were random year
effects, , were random route-specific effects, and g, were over-
dispersed Poisson errors. Year 1987 was chosen as the first year
for data in the analysis because CRP enrollments began in 1986.
We standardized each environmental covariate (subtraction
of the mean and division by the SD) to increase the efficiency of
the MCMC process (Gilks and Roberts 1996). The model was fit-
ted using WinBUGS, version 1.4.1 (Spiegelhalter et al. 2003; see
Acknowledgments). The code for estimating parameters of this
model can be obtained from R.M.N.

As mentioned above, we limited our inferences to those areas
where there was potential for increase in Ring-necked Pheasant
abundance by including only routes where at least one pheasant
was recorded on the BBS during the period 1987-2005. If we had
included routes where CRP parcels may or may not be present but
where no Ring-necked Pheasants were recorded during that pe-
riod, that might have negatively biased the estimates of the con-
tribution of CRP lands where there is potential for an increase in
numbers of Ring-necked Pheasants.

The spatial structure considered for the random route-specific
effect (0, in the above equation) is used to control for any spa-
tial correlation in the BBS counts not accounted for by the envi-
ronmental variables. Using BBS count data from the year during
1987-2005 in our data with the largest number of routes surveyed
(2003), we calculated Moran’s I (Moran 1948) for multiple dis-
tances and estimated the spatial autocorrelation function using
a supersmoother (Friedman 1984) fit by the “supsmu” function in
R (R Development Core Team 2005; see Acknowledgments). We
defined the Gaussian conditional autoregressive (CAR) model to
allow for spatial relatedness out to a distance where the estimated
autocorrelation function was close to 0.

We used vague prior distributions (Link et al. 2002) to be-
gin the MCMC sampling. Parameters for environmental variables
and time trend at the study-area level were assigned relatively flat
normal distributions with mean of 0.0 and variance of 100. Pa-
rameters at the LRR level were assigned means equal to study-area
parameters and SDs ~ uniform(0, 100). Random year effects and
overdispersed Poisson errors were assigned mean zero normal
distributions with SD ~ uniform(0, 100). Under the assumption
of no residual spatial correlation in the BBS counts, random route
effects were also assigned relatively flat normal prior distributions
with zero mean and SD ~ uniform(0, 100).

We determined the appropriate burn-in and chain length
(Link et al. 2002) on the basis of the Raftery and Lewis (1992)

diagnostic and by visual inspection of trace plots from the MCMC
process fitting a spatial model with all environmental variables
(full model accounting for spatial autocorrelation). All models
were fitted using one chain containing 30,000 iterations following
a10,000-iteration burn-in.

Model selection.—During model selection, we considered the
effects of covariates listed in Tables 1 and 2, including quadratic
effects, provided that these habitats constituted >5% of the to-
tal area in buffers around all BBS routes. We also considered the
average patch size within a buffer, and an index of interspersion—
juxtaposition. A correlation analysis of all environmental vari-
ables revealed that edge density was negatively correlated with
average patch size (|r| > 0.62 for all buffer sizes); thus, edge density
was dropped from the analysis.

Our objective was to identify the most parsimonious model,
and we used the deviance information criterion (DIC; Spiegel-
halter et al. 2002) as a guide to that end. The DIC is a measure of
goodness of fit and model complexity—essentially, the Bayesian
equivalent of Akaike’s information criterion (AIC; Burnham and
Anderson 2002). A better model corresponds to a lower DIC. Fi-
nal models were obtained by backwards variable removal from
the full model using the DIC (Thogmartin et al. 2004b). The
full model contained a time trend, random year and route ef-
fects, the environmental variables listed above, and quadratic
forms for the percent NLCD agricultural field and percent
CRP wetland. Model selection was performed for each of the
three buffer sizes.

Following model selection, the need for the CAR spatial struc-
ture was evaluated using the DIC criterion. Provided that the final
model had the appropriate structure (i.e., overdispersed Poisson
with appropriate random and fixed effects), the CAR spatial struc-
ture might not be needed if the spatial correlation was adequately
accounted for by the model covariates (both nuisance and fixed
effects; Thogmartin et al. 2004b). If the DIC was lowered with the CAR
component in the model, then the CAR component was included; oth-
erwise, random route effects were treated as independent.

Model evaluation.—We measured model goodness-of-fit by
the posterior predictive P value (Gelman and Meng 1996). Infor-
mation-theoretic statistics like DIC are used to compare candi-
date models (Burnham and Anderson 2002). The goodness-of-fit
assessment is not a comparison of models, but an evaluation of
how well the data fit the final model. A P value close to 0.0 or 1.0
indicates that the data do not agree with the proposed model,
whereas a value near 0.5 suggests that the model adequately fits
the data. We also excluded all BBS counts in 2005 and refitted
the final model using the same number of MCMC iterations. We
then compared predictions of BBS counts for 2005 based on the
re-estimated model to the actual counts. Pearson’s correlation
coefficient (Neter et al. 1996) was used to assess the agreement
between the model and observed counts. We assumed that using
2005 for this comparison would provide the most precise evalua-
tion of the final model, because the CRP information in the data
represented enrollment in 2004.

The models fitted using MCMC were compared with similar
non-Bayesian models (i.e., overdispersed Poisson models con-
taining only environmental covariates). These simpler models
were estimated using PROC GENMOD (SAS Institute 2000). This
type of comparison has been used with other data to evaluate support
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for the objective Bayesian models fitted using MCMC (e.g., Thog-
martin et al. 2004b).

To aid interpretation of the modeled effect of a CRP covari-
ate in the final model, we predicted the average BBS count along
a hypothetical route within each LRR with average conditions for
that region. Then we computed the predicted count following an
increase in CRP along the hypothetical route.

REsuULTS

There were 388 BBS routes surveyed during 1987-2005 within the
range of Ring-necked Pheasants in counties with CRP enrollment
information available in a GIS (Fig. 2). These routes contributed a
total of 4,615 counts (zeros included) of Ring-necked Pheasants for
model development. Total area of CRP enrollment types within
each of the 11 LRRs represented in our data, and the amounts cap-
tured in the 1,000-m buffers around the 388 BBS routes, are pro-
vided in Table 3. Most of CRP enrollment falling within 1,000 m
of the BBS routes was herbaceous vegetation (84%), followed by
signups of wetlands—water (14%). Much of the CRP enrollments
of woody vegetation and trees occurred well away from the 388
BBS routes used in the analysis. Approximately 91% of the CRP
enrollments in the herbaceous-vegetation category were classified
as grass.

Model selection resulted in similar models across buffer sizes
(DIC:400 m = 20,674.5; 700 m = 20,674.2; 1,000 m = 20,671.2), and
these models were not substantially different according to DIC

differences (Burnham and Anderson 2002). The 1,000-m buffer
model had the lowest DIC and the fewest variables, leading to a
simpler model. The coefficients of percent CRP wetland—water
and (percent CRP wetland-water)? in all three models were not
significantly different from 0.0 at the study-area level or within
any of the LRRs, according to 90% credible intervals. The co-
efficients for other covariates in the 1,000-m model were sig-
nificant by this criterion in at least one of the LRRs. Thus, we
dropped these two covariates from the 1,000-m buffer model to
obtain a more parsimonious model. The DIC for this model was
20,674.5.

The final step in model selection was to evaluate whether
there was substantial spatial correlation in Ring-necked Pheas-
ant counts not accounted for by the model. Observed Ring-
necked Pheasant numbers along BBS routes in 2003, the year
with the largest number of routes surveyed (289), showed evi-
dence of significant autocorrelation between routes at distances
<350 km, and the estimated autocorrelation function was ap-
proximately zero at 450 km (Fig. 3). Judging from these distances
and the fact that one of the most isolated routes in our data was
429 km away from the next route, we considered Ring-necked
Pheasant counts for routes <430 km apart potentially correlated.
However, the model’s predictor variables accounted for much of
the spatial correlation in BBS counts, and inclusion of the CAR
spatial structure for the random route effects did not improve
model fit (DIC = 21,552.6). Thus, the final model (Tables 4 and
5) assumed uncorrelated random route effects. The SD of the

61 Northern Great Plains Spring Wheat
42 Western Great Plains Range and Irrigated

#BBS #BBS
ID routes Name ID  routes Name
1 24 NW Forest, Forage, and Specialty Crop 7 60 Central Great Plains Winter Wheat and Range
2 34 NW Wheat and Range 8 42 Northern Lake States Forest and Forage
3 45 Western Range and Irrigated 9 61 Central Feed Grains and Livestock
4 16 Rocky Mountain Raneg and Forest 10 2 East and Central Farming and Forest
5
6

11 1 Mississippi Delta Cotton and Feed Grains

Fic. 2. Land resource regions and Breeding Bird Survey routes in the nine states covered by analysis data.
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TABLE 3. Hectares of Conservation Reserve Program (CRP) categories enrolled in 2004 within the 11 land resource regions (LRRs) represented by 388
Breeding Bird Survey routes in the analysis, along with the amount found within 1,000 m of the survey routes.

Herbaceous Wetland- Woody
LRR Developed vegetation Trees water vegetation Total CRP
1 0 715 1,792 40 50 2,598
2 0 334,135 9,332 609 35,138 379,214
3 0 76,550 707 0 2,083 79,340
4 0 19,842 1,660 8 1,118 22,628
5 4 1,039,523 14,667 473,474 289,793 1,817,460
6 4 269,303 10,821 8,649 15,034 303,810
7 7 1,023,624 6,160 3,152 11,497 1,044,439
8 0 55,004 23,435 29,623 57,426 165,488
9 81 816,115 33,591 102,091 37,485 989,364
10 21 22,672 2,634 266 181 25,773
11 0 1,879 1,007 66 7 2,959
Total hectares 17 3,659,360 105,807 617,978 449,811 4,833,073
Percent <0.01% 75.71% 2.19% 12.79% 9.31% 100.00%
1,000-m buffer
Total hectares 1 32,847 95 5,594 410 38,947
Percent <0.01% 84.34% 0.24% 14.36% 1.05% 100.00%

estimated overdispersion for this model was 0.76; a value of 0.0
would indicate no overdispersion.

The posterior predictive P value for the final model was
0.664, which indicates reasonable fit of the model to the observed
data. Model predictions for 2005 based on 1987-2004 habitat data
were highly correlated with observed counts (r = 0.827; Fig. 4).
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FiG. 3. Moran’s / statistics and estimated autocorrelation function for
total number of Ring-necked Pheasants observed on a Breeding Bird
Survey route in 2003. Vertical bars are Bonferroni-corrected 95% con-
fidence intervals on Moran’s /. The darker line is the smoothed autocor-
relation function.

In addition, a fixed-effects model with the same covariates esti-
mated using SAS PROC GENMOD (SAS Institute 2000) had coef-
ficients similar to those of the Bayesian hierarchical model, and 90%
credible intervals for hierarchical model coefficients for the time
trend and environmental effects were not significantly different
(o = 0.10) from their corresponding estimates in the fixed-effects
model.

The final model for the entire study area (Table 4) estimated
a positive relationship between Ring-necked Pheasant counts and
routes with higher percent CRP herbaceous vegetation within
a 1,000-m buffer. Across the study area, there was an estimated
(Table 5) average 22% increase (exp(0.1991) = 1.22-fold) in Ring-
necked Pheasant counts along a BBS route associated with a1 SD
increase (4.05%; 319 ha) in percent CRP herbaceous vegetation

TABLE 4. Means of posterior distributions (coefficients) of standardized
model parameters, with 90% credibile intervals for the entire study area.
Distributions were calculated using one chain of length 30,000 after dis-
carding the first 10,000 values.

Parameter Mean 5% 95%

Intercept 1.5451 0.972 2.097
Trend -0.0059 -0.045 0.030
Percent NLCD woody vegetation 0.2748  -1.070 1.636
Percent NLCD herbaceous vegetation 0.7040 -0.835  2.143
Percent NLCD agricultural field 1.4919 0.732  2.212
(Percent NLCD agricultural field)? -0.6584 —-0.961 -0.371
Percent CRP herbaceous vegetation 0.1991 0.004 0.414
Average patch size (ha) —-0.0526 —0.958 2.021
Index of interspersion and juxtaposition  —0.1702  -0.455  0.670

Abbreviations: NLCD = National Land Cover Dataset, CRP = Conservation Reserve
Program.
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TaLE 5. Predicted counts of Ring-necked Pheasants along a Breeding Bird Survey (BBS) route with average conditions for the land resource re-
gion (LRR), and the predicted count following an increase of 1 SD in percent Conservation Reserve Program (CRP) herbaceous vegetation. First,
we predicted the Ring-necked Pheasant count along a BBS route with average conditions for each LRR and in the study area. Using the estimat-
ed “coefficient” of percent CRP herbaceous vegetation in the final model, a new prediction was made given an increase of 1 SD (4%; 319-ha;
788-acre) in percent CRP herbaceous vegetation in a buffer. A similar-sized decrease can be expected for a 319-ha reduction in CRP herbaceous

vegetation.
Coefficient for percent Predicted Hectares of CRP Predicted count
CRP herbaceous countalong herbaceous vegetation following 319-ha
LRR vegetation average route along average route increase in CRP
1 0.178 1.1 1.1 1.4
2 0.214 39 201.7 4.6
3 0.188 3.0 82.1 3.7
4 0.203 1.3 4.9 1.5
5 0.195 0.8 333.4 0.9
6 0.206 28.7 144.8 34.8
7 0.2272 32.6 366.8 40.1
8 0.203 1.1 50.8 1.4
9 0.173 6.2 321.7 7.6
10 0.199 0.8 164.0 1.0
11 0.202 50.9 0.0 62.1
Study area 0.199° 4.7 194.1 5.7
aStatistically significant at the o.= 0.1 level.
200 DiscussioN
Interpretation of the final model.—In general, one can expect sev-
eral different sets of covariates to do equally well in fitting the
150 available data, and so we caution the reader from putting too much
= importance on which covariates ended up in our final model. For
3 example, a model with “total percent CRP,” which includes wet-
o lands, trees, and woody and herbaceous vegetation, was found
® 1004 to predict BBS counts nearly as well as the final model contain-
g ing only “CRP herbaceous vegetation.” Thus, we cannot conclude
3 that relatively higher numbers of Ring-necked Pheasants are not
o associated with other CRP practices besides those falling in the
50+ herbaceous-vegetation class. More importantly, models (sets of
covariates) that do not include some measure of CRP extent will
likely be inferior to models that do. Our finding that Ring-necked
Pheasant indices were positively associated with percent CRP her-
0 baceous vegetation is consistent with widely held expectations

100 150 200

Predicted count

FiG. 4. Ring-necked Pheasant counts along 200 routes surveyed in
2005 versus counts predicted by the final model re-estimated using
1987-2004 data. The dotted line represents a one-to-one relationship.
The solid line represents the linear relationship estimated by least-
squares regression.

within a 1,000-m buffer, holding other variables constant. A similar-
sized decrease (—22%) could be expected for a 319-ha reduction
in CRP herbaceous vegetation. Predictions based on this relation-
ship are more robust for common values of percent CRP herba-
ceous vegetation (Table 5).

(i.e., a priori hypotheses) of managers and biologists that this spe-
cies would respond positively to increases in CRP. Here, we tried
to focus on predicting the responses of Ring-necked Pheasant to
CRP while striking a balance with description and explanation.
There is an indication of a slight decline in Ring-necked
Pheasant numbers across the entire study area since 1987 (trend
over years is slightly negative but not significant; Tables 4 and 5).
Small, negative trends in Ring-necked Pheasant counts were sta-
tistically significant in the following LRRs: 1, northwestern forest,
forage, and specialty crop; 2, northwestern wheat and range; and
3, western range and irrigated. However, there has been a small
but significant increase in counts in LRR 5, northern Great Plains
spring wheat. Sauer et al. (2001) reported similar trends in these
regions. Increases in Ring-necked Pheasant populations from 1982
to 1995 at some locations in Iowa (Nusser at al. 2004) have been
attributed to CRP enrollments. Negative trends in abundance
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TABLE 6. Means of posterior distributions (coefficients) of standardized model parameters for each land resource region (LRR) and the entire study
area. Distributions were calculated using one chain of length 30,000 after discarding the first 10,000 values.

% NLCD
% CRP Mean Index of

Yearly Woody Herbaceous  Agricultural ~ Agricultural herbaceous patch interspersion-
Region Intercept trend vegetation vegetation field field? vegetation size (ha)  juxtaposition
LRR 1 1.6782 -0.063 0.034 1.1442 0.859 -0.606 0.178 -0.273 -0.174
LRR 2 1.393 -0.025 0.929 -0.218 1.529? -0.590° 0.214 0.569 -0.141
LRR 3 1.419 —-0.028* 0.326 0.323 0.671 -0.6772 0.188 -1.171 -0.056
LRR 4 1.502 -0.013 0.574 0.537 1.590° -0.670 0.203 0.014 -0.163
LRR 5 1.586 0.0432 1.306* 1.9702 21122 -0.6572 0.195 0.346° -0.3142
LRR 6 1.633 0.005 -1.134 0.8012 1.6352 —-0.654* 0.206 -0.078 -0.086
LRR 7 1.7752 -0.006 -0.476 0.3742 1.661 -0.6442 0.2272 -0.219 -0.177
LRR 8 1.536° 0.029 -0.004 3.806° 2.018* -0.636 0.203 -0.524 -0.235
LRR9 1.7032 0.007 -0.890 -1.046° 1.264° -0.7222 0.173 0.297 -0.147
LRR 10 1.307 -0.006 1.572 -2.077 2.057 -0.680 0.199 0.460 -0.200
LRR 11 1.465 -0.010 0.766 2.176 1.026 -0.703? 0.202 0.023 -0.186
Study area 1.545¢% -0.006 0.275 0.704 1.4922 —-0.658* 0.199° -0.053 -0.170

Abbreviations: NLCD = National Land Cover Dataset, CRP = Conservation Reserve Program.

aStatistically significant at the ot= 0.1 level.

have been tied to habitat losses (Rodgers 1999) and decreased
chick survival (Warner et al. 1999), despite increasing CRP en-
rollments. In addition, the final model shows that there is (1) a
positive relationship for Ring-necked Pheasant counts along
BBS routes associated with larger amounts of NLCD 1992 agri-
cultural land, woody and herbaceous vegetation, and CRP her-
baceous vegetation; (2) an estimated decrease in Ring-necked
Pheasant counts along BBS routes in areas with large patches
of habitat as defined by our NLCD and CRP cover types; and (3)
an estimated decrease associated with increases in the index of
interspersion—juxtaposition.

The effects for percent CRP herbaceous vegetation and per-
cent NLCD agricultural land were the only statistically significant
environmental effects at the study-area level (Table 4), and both
were very consistent across LRRs (Table 6). Predicted increases in
Ring-necked Pheasant counts along BBS routes associated with a
1 SD increase (4.05%; 319 ha) in percent CRP herbaceous vegeta-
tion varied from 18% to 25% across the LRRs (Table 5). The effect
for percent CRP herbaceous vegetation was also statistically sig-
nificantly in LRR 7, central Great Plains winter wheat and range.

A nonlinear effect for percent CRP herbaceous vegetation
could be estimated with more data that better estimate the rela-
tionship for routes with extremely large or small amounts of CRP.
A polynomial relationship could show a smaller increase in the
number of Ring-necked Pheasants after a critical mass of CRP her-
baceous vegetation has been reached within a buffer around a BBS
route. Although an increase in percent CRP herbaceous vegeta-
tion would require an equivalent decrease in percent NLCD 1992
agricultural field, the final model contained a nonlinear effect of
percent NLCD 1992 agricultural field, so the estimated effect on
Ring-necked Pheasants of turning cropland into CRP herbaceous
vegetation depends on the amount of remaining cropland within a
1,000-m buffer around the BBS route.

Estimates of effects of percent NLCD 1992 woody and her-
baceous vegetation and mean patch size exhibited higher-than-
expected variation across LRRs (Table 6), possibly indicating that

separate models should be determined for each region (i.e., allow-
ing different model parameters), provided that more data were
available for each region. Woody vegetation was rare in the NLCD
1992 data, with the exception of routes within LRRs 1, 2, 3, and 4,
Rocky Mountain range and forest. Variation in the estimated ef-
fects of percent NLCD woody and herbaceous vegetation could
be attributable to differences in specific types of herbaceous and
woody vegetation across LRRs. Because of the inherent problems
with the NLCD 1992 image discussed above, our modeling ap-
proach was not able to explain these differences.

The Bayesian hierarchical model simultaneously provided
estimates for the entire study area and for each LRR. The number
of routes in two of the LRRs—10, the east and central farming
and forest region, and 11, the Mississippi Delta cotton and feed
grains region—were very small: two and one, respectively. As of
November 2005, all LRRs currently have some areas lacking CRP
data in GIS format. The LRRs with smaller sample sizes provide
less information for study-area parameter estimates than other
regions, and their specific posterior distributions are closer to
the study-area-level parameters because they essentially borrow
information from regions with more observations. This model-
ing effect is also known as “shrinkage” (Verbeke and Molenberghs
2000). Because of small sample sizes, use of parameter estimates
for LRRs 10 and 11 would be inappropriate until reanalyzed with
additional data.

As previously mentioned, it was not possible to develop a
snapshot of CRP for any period prior to the first release of the CRP
data on the Common Land Unit level (in 2004) and, therefore, it
was not possible to develop a longitudinal data set of CRP. This
imposed a limitation on the data analysis, because the preferred
analysis would take a longitudinal approach to modeling CRP
practice types, amounts, and age (e.g., CRP enrollments along
a route would mature through time). As shown by Eggebo et al.
(2003) and Larsen et al. (1994), CRP enrollment age and vegetation
structure can be correlated, and vegetation structure is an impor-
tant characteristic of Ring-necked Pheasant habitat.
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Use of the DIC for model selection.—Little is known about the
ability of the DIC to select the most parsimonious model, and our
experience and that of others (e.g., Swanepoel and De Beer 1992,
Shibata 1997) is that its frequentist equivalent, AIC, tends to over-
fit the available data. Overfitting a statistical model tends to result
in a model that fits extreme values in the data and, hence, may not
accurately fit the general trend of other or future data. This po-
tential for overfitting led us to select a parsimonious final model
guided by DIC rather than a strict adherence to the DIC.

In some regions, and particularly for winter, dense wetland
vegetation is important roosting habitat during harsh weather
(Smith et al. 1999), but percent CRP wetland was dropped from
the final model selected by DIC because estimates of the effects
of wetlands were not significantly different from zero within any
individual LRR or across the study area as a whole. However, CRP
wetland enrollment types CP23 and CP27 (Table 1) were not avail-
able until 1997, so wetland habitats enrolled prior to 1997 were
likely enrolled as grasses (CP1, CP2, CP10). This may have ob-
scured any effect of CRP wetlands in our analysis.

Availability of data and refitting models.—Data available for
this analysis represent a substantial, but incomplete, selection from
the range of Ring-necked Pheasants in the United States. The meth-
ods described above, including selection of covariates, can be reap-
plied when data on CRP enrollments are available from additional
counties and states. The distribution of CRP enrollment by type
varies spatially, so we would expect that modeling counts along BBS
routes in other areas of the country might require inclusion of CRP
trees, CRP woody vegetation, or CRP wetland classes.

The NLCD 1992 covers the entire contiguous 48 states with
a consistent approach and definitions. This coverage is becoming
outdated, given that it is based on Landsat or aerial images from
1992. At the time we conducted this analysis, the NLCD was being
updated on the basis of 2001 images. We recommend rerunning
the analysis, including variable selection, using the NLCD 2001
image and updated CRP data once they become available.

Recommendations for future research.—Although using 2004
CRP and NLCD 1992 data to model BBS counts from 1987 to 2005
is reasonable, some effort should be made to determine how CRP
enrollment locations, types, and amounts have changed since
the program began. In addition, alternative definitions of unique
patches of habitat types could be more meaningful with regard to
Ring-necked Pheasants and, thus, provide more appropriate mea-
sures of mean patch size and interspersion—juxtaposition.

Future modeling could allow for variables represented at var-
ious buffer sizes to enter the same model (i.e., a model may contain
predictor variables measured in a 400-m buffer, others measured
in a 700-m buffer, and so on). Justification for this “multiscale”
model is that Ring-necked Pheasants may select for different habi-
tat characteristics at different scales (Best et al. 2001). For exam-
ple, Ring-necked Pheasants may prefer to have a high percentage of
CRP herbaceous vegetation within a 1,000-m buffer, surrounded
by a high percentage of farmland within a 3,000-m buffer. Con-
tinuing this effort, more than one parsimonious model could be
fitted to the data, using the DIC criterion as a guide. Model-
averaging may then be used to estimate changes in counts on BBS
routes. This method would de-emphasize the importance of one
predictor variable (e.g., percent CRP herbaceous vegetation in a
1,000-m buffer) at the expense of other variables (e.g., percent total

CRP enrollment in a 700-m buffer). This method may be informa-
tive; however, fitting Bayesian hierarchical models is computer in-
tensive and the increase in computing time may be prohibitive.

Conservation and management implications.—Our analysis
indicates a positive association of Ring-necked Pheasant counts
along BBS routes with larger amounts of CRP enrollment. This pos-
itive association is consistent across broad regions and, thus, is a
reliable predictor variable of Ring-necked Pheasant abundance. As
mentioned above, other, smaller-scale studies (Larsen et al. 1994,
Patterson and Best 1996, Clark et al. 1999, Eggebo et al. 2003, Har-
oldson et al. 2006) have also seen a positive correlation between
Ring-necked Pheasant numbers and CRP practices. Although the
Ring-necked Pheasant is an exotic species, it has characteristics
that make it a good indicator of agricultural landscapes and the
successional habitat created by CRP. The methods presented here
offer insight into the effect of CRP on Ring-necked Pheasants on a
large geographic scale and can be a valuable tool for further evalua-
tion of the CRP in other regions and for other species.
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