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lands in conservation of an imperiled bird
Christian A. Hagen 1, Jason D. Carlisle 2, Fawn E. Hornsby 2, Michael E. Houts 3, Lyman L. McDonald 2 and David C. Pavlacky Jr. 4

1Oregon State University, Department of Fisheries and Wildlife, 2Western EcoSystems Technology, Inc., 3University of Kansas,
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ABSTRACT. Grasslands are one of the most imperiled ecosystems globally, and the Lesser Prairie-Chicken (Tympanuchus pallidicinctus)
is an iconic grassland-obligate species with high conservation priority in the USA. Lesser Prairie-Chicken conservation is compounded
by its requirement for a spatial hierarchy of heterogeneous habitats, coupled with nearly all (> 95%) of its range being privately owned.
The U.S. Department of Agriculture currently offers technical and financial resources that facilitate prairie restoration, e.g.,
Conservation Reserve Program (CRP), and improve habitat quality and ecosystem services, e.g., Environmental Quality Improvement
Program, on private lands. We modeled Lesser Prairie-Chicken occupancy at two scales relative to covariates that described landscape
composition and configuration, anthropogenic development, drought-related climatic conditions, and conservation efforts from 2012
to 2016. Large-scale (225 km²) occupancy was most associated with shrubland, grassland patch size, and CRP range-wide. Patterns of
small-scale (56.25 km²) occupancy varied regionally, but key covariates included shrubland, grassland, and CRP landcover. These
covariate relationships may be useful for identifying conservation practices at different spatial scales and habitat factors that influence
Lesser Prairie-Chicken distributions ecoregionally. Notably, CRP-enrolled lands appear to serve as a surrogate for prairie habitat in
some ecoregions, especially in conjunction with larger extant patches of native habitat. Although not as influential as CRP at large
scales, every 2.25 km² of prescribed grazing increased the odds of site occupancy by 11%. In addition to supported covariates, we found
that for every 0.56 km² of industrial development at small scales and 2.25 km² of woodland cover (10%-canopy) at large scales, odds
of occupancy decreased by 22% and 13%, respectively. Our results suggest that increased amounts of native grassland and shrubland,
and in particular higher levels of CRP enrollment could expand LEPC distribution by as much as 17% (1418–1744 km²). Moreover,
our findings illustrate the potential for federal conservation policies to benefit the distribution of an imperiled species.

Présence multiéchelle du Tétras pâle : rôle des terres privées dans la conservation d'un oiseau en péril
RÉSUMÉ. Les prairies sont l'un des écosystèmes les plus menacés au monde, et la conservation du Tétras pâle (Tympanuchus
pallidicinctus), espèce emblématique qui dépend des prairies, est prioritaire aux États-Unis. La conservation du Tétras pâle représente
un énorme défi en raison du fait qu'il dépend d'une hiérarchie spatiale d'habitats hétérogènes et que la quasi-totalité (> 95 %) de son
aire de répartition se trouve en terres privées. Le ministère étatsunien de l'agriculture offre actuellement des ressources techniques et
financières qui encouragent la restauration des prairies, par exemple le Conservation Reserve Program (CRP), et améliorent la qualité
des habitats et les services écosystémiques, par exemple l'Environmental Quality Improvement Program, sur les terres privées. Nous
avons modélisé la présence du Tétras pâle à deux échelles en fonction de covariables décrivant la composition et la configuration du
paysage, l'aménagement du territoire, les conditions climatiques liées à la sécheresse et les efforts de conservation de 2012 à 2016. La
présence du tétras à grande échelle (225 km²) était surtout associée aux arbustes, à la taille des parcelles de prairie et au CRP dans
l'ensemble de son aire de répartition. La tendance de la présence à petite échelle (56,25 km²) a varié selon les régions, mais les principales
covariables comprenaient les arbustes, les prairies et l'étendue géographique du CRP. Ces relations entre covariables peuvent permettre
aux gestionnaires d'identifier les pratiques de conservation à différentes échelles spatiales et les facteurs d'habitat qui influent sur la
répartition écorégionale du Tétras pâle. En particulier, les terres inscrites au CRP semblent servir d'indicateurs d'habitat de prairies
dans certaines écorégions, surtout en combinaison avec de grandes parcelles d'habitat naturel. Bien qu'ils ne soient pas aussi influents
que les CRP à grandes échelles, chaque 2,25 km² de pâturage dirigé augmentait de 11 % les chances d'occupation d'un site. En plus des
covariables indicatrices, nous avons constaté que pour chaque 0,56 km² de développement industriel à petites échelles et 2,25 km² de
couvert forestier (10 % de couvert) à grandes échelles, les chances d'occupation diminuaient de 22 % et 13 %, respectivement. Nos
résultats indiquent qu'une augmentation des superficies de prairies et d'arbustes indigènes, et en particulier une adhésion accrue au
CRP, favoriseraient une expansion de la répartition du Tétras pâle de 17 % (1 418-1 744 km²). De plus, nos résultats illustrent le potentiel
des politiques fédérales de conservation à augmenter la répartition d'une espèce en péril.

Key Words: aerial survey; Conservation Reserve Program; Environmental Quality Improvement Program; Great Plains, Lesser Prairie-
Chicken; occupancy; private lands conservation
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priori selected models, and we evaluated all subsets of amended
submodels, for a total of 8526 models. In addition, we ran the
highest ranking covariate model from Hagen et al. (2016) to
investigate previously identified effect size for LPCI prescribed
grazing [p(Ecoregion + observer) �ß(Ecoregion + CRP) 	c
(NativeHabitatPatch + Grazing)]. We evaluated effect sizes and
conditional 90% CI for the covariate �X coefficients with respect
to 0, including odds ratio interpretations for the �X coefficients
(MacKenzie et al. 2018). We model-averaged estimates of large-
scale or small-scale occupancy for all models within �óAICc < 4
(Burnham and Anderson 2002).

Mapping range-wide occupancy
We model-averaged predictions of 	c and �ß according to covariate
values in the sampling frame. We multiplied conditional estimates
of �ß ij for each of the j quadrants in grid cell i by the corresponding
estimate 	c i i to arrive at unconditional estimates of small-scale
occupancy (�ß ij * 	c i) for all quadrants in the sampling frame
(Nichols et al. 2008, Pavlacky et al. 2012). We approximated SEs
for model-averaged unconditional estimates of small-scale
occupancy using the delta method (Powell 2007). We estimated
the coefficient of variation (CV) for unconditional estimates of
small-scale occupancy to quantify uncertainty around the
predicted occupancy distribution. We mapped predicted
occupancy for 477 grid cells that intersected the occupied range
of LEPC plus a 16 km buffer (Van Pelt et al. 2013). Because some
covariates change over time, we used covariate values for 2016 to
map predicted occupancy presented herein.

Simulated effect of changes to amount of CRP-
enrolled land
Modeling range-wide relationships between covariates and
multiscale occupancy revealed that CRP was a primary driver of
LEPC occupancy. Thus, we conducted a simulation to
demonstrate the changes in predicted occupancy as a function of
fluctuations in CRP. We used the final set of 40 models to the
range-wide dataset to estimate model-averaged occupancy rates
assuming nine scenarios for CRP enrollment, the baseline
scenario and eight alternatives. The baseline scenario was defined
as the amount of CRP enrollment observed in 2016. Alternative
scenarios included 80–120% of this baseline amount of CRP-
enrolled lands in increments of 5%. For example, to simulate the
amount and distribution of CRP enrollment under an 80%-of-
baseline scenario, we multiplied the baseline amount of CRP in
each quadrant and grid cell by 0.80. All other covariates were held
constant. We then generated a model-averaged prediction of the
unconditional probability of small-scale occupancy (�ß ij * 	c i) for
each of the 1908 quadrants in the 477 grid cells that intersected
the occupied range of LEPC plus a 16 km buffer (Van Pelt et al.
2013). The area occupied by LEPC was estimated as the mean
value of (�ß ij * 	c i), multiplied by the area of the ecoregion. We
summarized the effect that changes in CRP levels had on
occupancy by calculating the predicted change in total area
occupied for each scenario relative to the estimated baseline area.
We used the delta method (Powell 2007) to calculate 90% CI for
change in area occupied based on quadrant-specific variances of
unconditional small-scale occupancy estimated for each
quadrant. For simplicity, we represent unconditional small-scale
occupancy (�ß ij * 	c i) as simply �ßj in the equations below, Nk is
the total amount of quadrants within ecoregion, Ak is the area of

the ecoregion (km²), and quadrants are again indexed by j. The
average change in unconditional small-scale occupancy from the
baseline to an alternate CRP scenario (�×k) was calculated as 

  ��  �/

�/k =
�� j= 1( ��jk - ��jk        )baseline alternate

Nk

, (1)

�ûAOk = �/k �� Ak, (3)

V(�ûAOk) = Ak �� V(�/k).
2

(4)

V(�/k) =
1

Nk
2 [ �� j=1V(��jk ) +baseline �� j=1V(��jk )],alternateNk Nk

(2)

Nk

Nk

  

with an estimated variance of 

�/k =
�� j= 1(��jk - ��jk        )baseline alternate

Nk

, (1)

�ûAOk = �/k �� Ak, (3)

V(�ûAOk) = Ak �� V(�/k).
2

(4)

V(�/k) =
1

Nk
2 [ �� j=1V(��jk ) +baseline �� j=1V(��jk )],alternateNk Nk

(2)
.

  

The change in area occupied (�óAOk) was calculated as 

�/k =
�� j= 1(��jk - ��jk        )baseline alternate

Nk

, (1)

�ûAOk = �/k �� Ak, (3)

V(�ûAOk) = Ak �� V(�/k).
2

(4)

V(�/k) =
1

Nk
2 [ �� j=1V(��jk ) +baseline �� j=1V(��jk )],alternateNk Nk

(2)

,  

with an estimated variance of 

�/k =
�� j= 1(��jk - ��jk        )baseline alternate

Nk

, (1)

�ûAOk = �/k �� Ak, (3)

V(�ûAOk) = Ak �� V(�/k).
2

(4)

V(�/k) =
1

Nk
2 [ �� j=1V(��jk ) +baseline �� j=1V(��jk )],alternateNk Nk

(2)

RESULTS

Annual variation in site occupancy
We found almost no evidence for annual variation in 	c and only
limited evidence in �ß (Table A1.1, Fig. 1). However, range
dynamics oscillated temporally in �ß (Fig. 1). Within the SGPR,
LEPC experienced a 27% range contraction between 2012 and
2013 (	\ = 0.73; 90% CI = 0.53, 1.01), 15% range contraction
between 2013 and 2014 (	\ = 1.15; 90% CI = 0.83, 1.60), 29% range
expansion between 2014 and 2015 (	\ = 1.29; 90% CI = 0.97, 1.72)
and 19% range contraction between 2015 and 2016 (	\ = 0.81; 90%
CI = 0.62, 1.07; Fig. 1). Considering the change between low and
high occupancy years in the SGPR, LEPC range expanded by
49% between 2013 and 2015 (	\ = 1.49; 90% CI = 1.09, 2.02; Fig.
1). The CI for 	\ between 2012 and 2013 narrowly covered 1, and
CIs between 2013 and 2015 excluded 1, indicating a measurable
range contraction and expansion, respectively over these time
frames. Magnitude of temporal patterns of change in range was
similar in regions (Fig. 1), because spatial and temporal effects of
occupancy were additive. In addition, �ß was greater in the SGPR
than in the other ecoregions across years (Table 3). Detection was
greater for back-seat observers than front-seat observers, and p 
increased over survey years, with increasing time after sunrise,
and ordinal date (Table A1.2).

Multiscale covariate relationships
The first step of plausible-combinations model selection
identified two plausible submodels for large-scale occupancy, 	c
(CRP + GrassPatch + Shrub) and 	c(CRP + CRP² + GrassPatch
+ Shrub). Because adding CRP² did not appreciably decrease the
-2log(L), it was not considered a competing model (Arnold 2010).
Thus, we considered only 	c(CRP + GrassPatch + Shrub) as the
single plausible submodel for 	c in the second step of plausible-
combination models selection (Table A1.3).  

We identified three plausible submodels for �ß (Table A1.4).
However, we did not consider the third-ranked model (�óAICc =
6.00), containing Grass² as a competing model, because it did not
appreciably decrease the -2log (L) relative to the second ranked
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Table 5. Parameter estimates, standard errors (SE), and lower and
upper 90% confidence limits (LCL and UCL, respectively) for the
large-scale occupancy (	c), small-scale occupancy (�ß), and
detection (p) of the Lesser Prairie-Chicken (Tympanuchus
pallidicinctus) from the best and second best models (Table 4),
range-wide monitoring program, 2012–2016
 

Best model Second best model
Parameter Estimate LCL UCL Estimate LCL UCL
	c(Intercept) -2.469 -3.121 -1.818 -2.465 -3.119 -1.812
	c(CRP) 12.764 8.927 16.601 12.920 9.058 16.782
	c(GrassPatch) 5.906 2.673 9.138 5.933 2.679 9.188
	c(Shrub) 3.176 1.331 5.021 3.085 1.281 4.890
�ß(Intercept) -3.427 -4.271 -2.583 -3.396 -4.211 -2.582
�ß(CRP) 10.495 6.908 14.082 9.806 6.555 13.057
�ß(Grass) 4.057 2.618 5.495 3.926 2.547 5.306
�ß(Shrub) 4.819 3.202 6.435 5.047 3.371 6.722
�ß(MGPR) 0.109 -1.339 1.558 0.179 -1.275 1.632
�ß(SSPR) -1.148 -2.589 0.294 -1.389 -2.839 0.062
�ß(SOPR) 0.025 -1.149 1.198 0.128 -1.065 1.321
�ß(CRP * MGPR) -6.315 -11.593 -1.037 -5.488 -10.626 -0.349
�ß(CRP * SSPR) -5.214 -9.944 -0.485 -4.280 -8.796 0.236
�ß(CRP * SOPR) -9.651 -13.806 -5.495 -9.095 -13.004 -5.185
�ß(Grass * MGPR) -2.166 -4.238 -0.093 -2.047 -4.096 0.003
�ß(Grass * SSPR) -3.089 -5.621 -0.556 -2.882 -5.392 -0.372
�ß(Grass * SOPR) -4.197 -6.195 -2.198 -4.015 -6.007 -2.023
p(Intercept) -0.873 -1.386 -0.361 -2.978 -5.193 -0.764
p(Time) 0.312 0.015 0.608
p(Back-seat
Observer)

1.017 0.736 1.298 1.009 0.730 1.288

p(Trend) 0.118 -0.007 0.243 0.211 0.071 0.351
p(MGPR) -0.739 -1.315 -0.163
p(SSPR) 0.428 -0.300 1.156
p(SOPR) -0.622 -1.229 -0.016
p(Date) 0.024 0.003 0.045

effect of Woodland-10 [w+(j) = 0.89] was 11 times more likely than
that Woodland-5 [w+(j) = 0.08], and 220 times more likely than
that with Woodland-1 [w+(j) < 0.01], and 	cdeclined with
increasing Woodland-10 (Fig. 6). The cumulative AICc weights
indicated the effect of Development on �ß had an 88% probability
of being selected in the top model. The effect of Road [w+(j) =
0.07] was 3 times more probable than Well [w+(j) = 0.02], 74 times
more probable than Vertical [w+(j) < 0.01], and 135 times more
probable than Transmission [w+(j) < 0.01], and �ß declined with
increasing Development (90% CIs ≠ 0, Fig. 7, Table 7). The highest
ranking model from Hagen et al. (2016) showed much less support
than the highest ranking range-wide model (�óAICc = 168). Beta
coefficients for the Grazing (�X = 10.5; SE = 5.7; CI = 1.1, 20.0)
and NativeHabitatPatch (�X = 3.4; SE = 1.4; CI = 1.0, 5.7)
covariates demonstrated large and precise effect sizes. Odds ratios
indicated occupancy increased by 11% for every 1% increase in
the landcover of prescribed grazing (1.11), and 3% for every 100
ha increase in the mean patch size of native habitat (1.03).

Mapping the range-wide occupancy
distribution
We predicted range-wide covariate relationships for 	c and �ß using
unconditional estimates of small-scale occupancy in 2016 (�ß ij *
	c i; Fig. 8). The model-based estimate of unconditional small-
scale occupancy for the 2016 sampling frame within the occupied

Fig. 5. The small-scale occupancy (�ß) of the Lesser Prairie-
Chicken (Tympanuchus pallidicinctus) at 7.5 × 7.5-km
quadrants by the percentage (%) of grassland landcover (Grass)
in the (A) Shinnery Oak Prairie, (B) Sand Sagebrush Prairie,
(C) Mixed Grass Prairie, and (D) Shortgrass CRP/Mosaic
Prairie from the range-wide monitoring program, 2012–2016.
The bold trend lines are model averaged estimates of small-
scale occupancy for models containing the main effect and
quadratic effect of grassland at the mean values of other
covariates in the model and the bounding lines are 90% CIs.

Fig. 6. The large-scale occupancy (	c) of the Lesser Prairie-
Chicken (Tympanuchus pallidicinctus) at 15 × 15-km grid cells
by the percentage (%) of woodland landcover with greater than
10% canopy cover (Woodland-10) from the range-wide
monitoring program, 2012–2016. The bold trend lines are
model averaged estimates of large-scale occupancy at the mean
values of other covariates in the model and the bounding lines
are 90% CIs
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