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CHAPTER I 

GENERAL INTRODUCTION 

During the 20th century, agricultural intensification played a predominant role in 

meeting food demand for a growing global human population, increasing per hectare 

productivity primarily through greater inputs of fertilizer and pesticides (Tilman et al. 

2001). However, greater productivity has also come at a cost to biological diversity due 

to reductions in structural and compositional diversity of local vegetation (e.g., Donald et 

al. 2001, Fuhlendorf and Engle 2001, Benton et al. 2002, Kleijn et al. 2009) and increases 

in nonpoint source pollution (e.g., Stout et al. 2000, Tilman et al. 2002, Eickhout et al. 

2006). Given the projected further global population growth through 2050 (UNDESA 

2013), developing and implementing sustainable agricultural practices is essential to 

preventing further biodiversity loss (Tilman et al. 2002). 

In North America, intensive management of grazing lands is common (Fuhlendorf 

and Engle 2001, Toombs and Roberts 2009). Monocultures of exotic forages are also 

established throughout the Southern United States (Barnes et al. 2013, Fulbright et al. 

2013) and managed with heavy grazing and large inputs of nitrogen fertilizer (Monson 

and Burton 1982, Burns et al. 1984, Phillips and Coleman 1995). Such management 

likely reduces suitability of grasslands for many native wildlife species (e.g., Fuhlendorf 

and Engle 2001, Kruess and Tscharntke 2002, Dennis et al. 2008). For example, 

abundance and diversity of arthropods often decrease with low plant diversity (e.g., 
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Murdoch et al. 1972, Southwood et al. 1979, Siemann et al. 1998, Woodcock et al. 2009) 

and heavy grazing (Gibson et al. 1992a, Dennis et al. 1998, Kruess and Tscharntke 2002, 

Dennis et al. 2008). Grassland bird species in North America also experienced 

widespread population declines (Sauer and Link 2011), and intensive management of 

exotic forages can limit availability of prey items and suitable nest sites, particularly for 

tall structure specialists (e.g., Flanders et al. 2006, Hickman et al. 2006, Fuhlendorf et al. 

2006). 

There is increasing interest in replacing exotic grasses with native warm-season 

grasses (NWSG) because they offer several benefits for livestock and wildlife (Taylor 

2000, Giuliano and Daves 2002, Harper et al. 2007). For example, cattle may perform 

better when grazing NWSG than exotic grasses due to structural and forage quality 

(Burns et al. 1984, Burns et al. 1991). Native grasses also require fewer fertilizer inputs 

because they can be adapted to local growing conditions (Jung et al. 1988), and NWSG 

pastures are generally taller and not grazed as intensively as exotic pasture, offering more 

suitable nesting habitat for grassland birds (Hughes et al. 1999, Giuliano and Daves 

2002). Furthermore, cattle production on native grasses is often more profitable due to 

higher production costs of intensively-managed exotic forages (Phillips and Coleman 

1995, Coleman et al. 2001, Gillen and Berg 2001). 

In the Southeastern United States, exotic forages such as bermudagrass (Cynodon 

dactylon) and tall fescue (Schedonorus arudinaceus) are established across millions of 

hectares (Barnes et al. 2013), so incorporating NWSG into beef production systems has 

enormous potential for improving sustainability and conserving biodiversity on private 

lands (Pimentel et al. 1992). Still, uncertainty among landowners regarding opportunity 
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cost and risks of establishment and maintenance present barriers to adopting NWSG in 

contemporary grazing management (Taylor 2000, Doll and Jackson 2009). 

Characterizing the response of wildlife and economic implications of converting exotic 

forages to NWSG is necessary for producers and conservationists to make informed 

decisions regarding NWSG conversion. Therefore my research objectives are to: 

1. evaluate potential mechanisms by which NWSG conversion affects nest 

site suitability and productivity for Dickcissels; 

2. characterize arthropod community response to NWSG conversion; and 

3. quantify the relative benefit of NWSG conversion for producers regarding 

profit and Dickcissel productivity. 
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CHAPTER II 

ESTIMATING AVIAN NEST DENSITY USING CAPTURE-RECAPTURE MODELS 

Introduction 

Assessing habitat quality is important for avian conservation and management 

because resource availability can influence density, reproduction, and survival, and thus 

population trajectory (Johnson 2007). Collecting multiple metrics may also be necessary 

due to potential negative correlations between abundance and survival or productivity 

(Van Horne 1983, Bock and Jones 2004). Nest searching and monitoring is commonly 

used to quantify nest survival rates, an index of individual fitness, but studies may 

overlook relationships at the population level without also measuring density (Johnson 

2007). For example, members of a territorial species may exclude conspecifics from areas 

with high quality resources (ideal despotic distribution; Fretwell 1972), thereby 

increasing per capita reproductive success but reducing productivity per hectare due to 

low nest density. In addition, quantifying nest density may be useful because bird surveys 

can disproportionately detect displaying males (Mayfield 1981) and may not be 

indicative of pairing status or fecundity (Rappole et al. 1993, Pagen et al. 2002). Nest 

density estimates may also reveal a more direct association between individuals and 

locations than bird surveys that can include floaters (nonbreeding individuals). Finally, 

nest density may be more informative than adult abundance for polygynous species when 

territory quality is related to harem size (Zimmerman 1982, Searcy and Yasukawa 1983). 
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Grassland-obligate bird populations in North America have exhibited precipitous 

declines (Sauer and Link 2011), necessitating continued study of bird response to 

management and conservation programs (Vickery and Herkert 2001). However, 

obtaining unbiased estimates of nest density remains elusive. Previous grassland bird 

studies typically compared nest densities using relative or apparent indices (e.g., 

Churchwell et al. 2008, Conover et al. 2011b, Hatchett et al. 2013). As with other survey 

methods, nest detectability is rarely 100%, so relative indices may confound variation in 

true abundance with variation in detectability (Royle and Dorazio 2008). For example, 

nest search methods such as rope drags rely on flushing incubating females to reveal nest 

locations (Gloutney et al. 1993, Winter et al. 2003), but female nest attendance may vary 

with nest site vegetation and nest stage (Winter et al. 2003, Giovanni et al. 2011, Powell 

et al. 2012), potentially biasing estimates of relative nest density compared to the true 

population. Site-level differences in survival rates could further complicate nest density 

comparisons because nests with low survival will be less represented than nests with 

higher survival (Heisey et al. 2007). 

Robust survey methods for estimating abundance such as N-mixture models 

assume population closure (Royle 2004) and therefore are inappropriate for modeling 

abundance of nests that initiate and fail throughout a season. Previous attempts to account 

for detectability in nest density estimates also did not incorporate estimates of survival 

and recruitment, and thus remained relative measures of density (Smith et al. 2009, 

Giovanni et al. 2011). I present an alternative approach using a novel application of the 

Jolly-Seber (JS) capture-recapture model (Jolly 1965, Seber 1965) to obtain unbiased 

estimates of nest densities by modeling detectability, survival, and new nest construction. 
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I apply this method to the Dickcissel (Spiza americana), a tallgrass specialist and 

Neotropical migrant (Temple 2002) nesting in cattle production systems in Mississippi. I 

used the JS model to compare nest densities in native and exotic grass pastures, and 

grazed and non-grazed treatments. I also compare estimates to relative measures of nest 

density, and illustrate the use of prior knowledge of female nest attendance to enhance 

detectability estimates in a Bayesian framework. Finally, I assessed accuracy of the JS 

model with simulated datasets of known abundance generated from different levels of 

detectability and survival. 

Methods 

In 2011 and 2012, we conducted nest searches in 12 pastures (range = 6.4–10.5 

ha) at Mississippi State University's Prairie Research Unit in Monroe Co., Mississippi, 

USA (N 33˚47', W 88˚38'). Pastures were assigned to one of 4 treatments, and each 

treatment was replicated 3 times. One treatment consisted of a grazed exotic grass mix of 

bermudagrass (Cynodon dactylon) and tall fescue (Schedonorus arundinaceus) (hereafter, 

grazed mixed exotic pasture, or GMEP). The remaining treatments were native grass 

stands established in 2008. Native grass treatments included grazed Indian grass 

monoculture (Sorghastrum nutans) (hereafter, grazed Indian grass native pasture, or 

GINP), grazed native warm-season grass mix of big bluestem (Andropogon gerardii), 

little bluestem (Schizachyrium scoparium), and Indian grass (hereafter, grazed mixed 

native pasture, or GMNP), and a non-grazed mixed native pasture treatment (hereafter, 

NMNP). During each study year, native treatments were prescribed burned in spring, and 

grazed treatments were stocked with fall-born steers from mid-May until September at 

2.7 head ha−1 . 
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Nest Searching and Monitoring 

From mid-May through July each year, I used a rope-drag method (Winter et al. 

2003) to search each pasture for nests once every 2 weeks (5 searches in 2011, 6 in 

2012). Beginning at one corner, 3 observers systematically traversed the entire pasture 

dragging a 30-m rope, and noted flush locations of incubating females. The rope was 

weighted at 2-m intervals with 0.6-L bottles filled with several rocks (noisemakers) and 

was extended between 2 observers with a third observer positioned in-between to spot 

flushing females. I searched pastures with equal effort by dropping surveyor flags at 

regular intervals during each pass and collecting these on the return, ensuring pastures 

were covered evenly and without overlap (Winter et al. 2003). Nest searching typically 

occurred from sunrise through mid-day, and I alternated the order in which we searched 

pastures within a day to minimize potential temporal biases in nest attendance by females 

(Winter et al. 2003, Davis and Holmes 2012). I recorded nest locations with a Global 

Positioning System (GPS) device and applied spray paint to vegetation 5 m north of nests 

(Winter et al. 2003). 

I checked nests every 2−4 days and increased nest visits to every 1−2 days near 

anticipated fledge dates to ensure an accurate determination of nest fate. Nest age and 

stage were estimated by noting whether eggs felt warm (indicating incubation), by egg 

candling (Lokemoen and Koford 1996), or with voucher photos of nestling development. 

I similarly monitored nests found opportunistically, outside of search events (hereafter, 

incidental nests; n = 58). 
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Nest Attendance Modeling 

Females of some species may remain on the nest despite use of the rope drag 

method (Giovanni et al. 2011), and thus detection probability may be <1 for this method. 

To test if female Dickcissels fail to flush from the rope drag method, I conducted trials by 

dragging a rope over a subset of known nests to determine whether females remained on 

the nest. Of the 43 active nests tested in 2011 and 21 nests in 2012, all trials induced the 

female to flush, indicating that the rope drag method was effective, given female 

attendance. 

I used logistic regression and the package lme4 (Bates et al. 2013) in R (version 

3.0.2, R Development Core Team 2014) to evaluate factors that may influence female 

nest attendance and to derive informative priors for detectability to supplement the JS 

nest density model. I restricted modeling to active nests, and therefore probability of 

female attendance should be >0 for all nests. Attendance was then modeled from the 

encounter history of flushing females during the initial discovery of nests and subsequent 

nest checks, and I included a random effect of nest to account for correlation among 

repeated visits to the same nest. I began by constructing models with covariates for 

attendance due to treatment, nest stage, treatment + stage, and treatment × stage because I 

predicted that nest stage would have the greatest influence on female attendance, and 

because I was primarily interested in effects of treatment in this study. I created 

additional univariate models with effects of time (min since sunrise), date, and year to 

evaluate their support compared with stage and treatment. Nest attendance may also vary 

with vegetation density (Giovanni et al. 2011), so at each nest I measured visual 

obstruction with a Robel pole (Robel et al. 1970), and visually estimated overhead 
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concealment to the nearest 5% with a 6.5 cm diameter ball placed in the nest cup. I then 

created univariate models for each parameter. I compared support among models to that 

of a null (intercept-only) model using Akaike's Information Criterion corrected for small 

sample sizes (AICc; Burnham and Anderson 2010). I report AIC differences (ΔAICc) and 

Akaike weights (wi), which denotes the relative support of one model given the other 

models in the candidate set. I considered models competitive if they ranked <2 AICc units 

from the top model and >2 AICc units above the null. I used model-averaged parameter 

estimates and unconditional standard errors for our informative priors, estimated with the 

R package AICcmodavg (Mazerolle 2013). 

Nest Density Modeling 

I first computed relative nest density estimates (nests ha−1) only from nests found 

during search events, and used a Bayesian approach to estimate mean density by 

treatment and year. Nest density (excluding incidentals) in each pasture p during year k 

was modeled from a normal distribution as 𝑦𝑝,𝑘 ~ N(μ𝑗,𝑘, σ2), with mean nest density for 

treatment j and year k assumed to be normally distributed (μ𝑗,𝑘 ~ N[0,1000]), and with 

an inverse-gamma prior for variance (σ−2 ~ Gamma[0.1,0.1]). I similarly modeled mean 

nest density while including incidental nests. I fit both models using JAGS (version 3.4.0; 

Plummer 2003) and the package R2jags (Su and Yajima 2013) in R. I ran models for 

50,000 iterations after burning the first 5,000, and thinned by 10 from 3 parallel chains. 

Convergence was assessed by visually examining the chains, and with the �̂� statistic, 

which compares within and between variations of parallel chains (Gelman et al. 2014). 

9 



 

 

 

 

 

 

  

  

   

  

 

    

   

 

 

 

     

 

  

 

In the JS model, new nest construction (recruitment) is modeled as a random 

process of individuals entering the study from a latent superpopulation (with abundance 

Ns) because, unlike other capture-recapture models, estimates of detection and survival 

are not conditioned on first capture (Jolly 1965, Seber 1965). I used the multi-state 

formulation of JS (Royle and Dorazio 2012, Kéry and Schaub 2012), which permits 

accounting for stage-specific differences in survival and detection probability. In this 

model, Bt new individuals enter the study population during time interval t with 

probability γt, and Ns individuals enter by the end of the season (after T time intervals): 

𝑇 𝑁𝑠 = ∑𝑡=1 𝐵𝑡. For data augmentation, I appended an arbitrarily large number of 

encounter histories for nests that I did not detect to the n encounter histories observed in 

our study (Royle and Dorazio 2012, Kéry and Schaub 2012). The model then estimates 

the number of individuals from the augmented set that enters the study but remains 

unobserved (Ns – n). Once entered, each individual then survives from t to t + 1 with 

probability , and is detected with probability p. 

I designed state transition and observation matrices to account for stage-specific 

differences in entry, survival, and detectability of individual nests in the population, and I 

based my model on 2-week time intervals to match the schedule of our nest searching. In 

the state transition matrix, I modeled a unique entry probability parameter for each 

pasture p in time interval t and year k for the lay, incubation, and nestling stages (γ1,ptk, 

γ2,ptk, and γ3,ptk, respectively). I used a multinomial logit link to ensure that stage-specific 

entry probabilities sum to <1 (Kéry and Schaub 2012). In reality, a nest can only enter the 

population at the lay stage, but because nest search events were separated by 2-week 

intervals it was possible that a nest had not yet initiated at t but was found on or after 
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hatch day at t + 1, and therefore in the model this nest entered at the nestling stage. I 

modeled a pasture-specific entry probability for each stage on the logit scale, with stage-

specific covariates for pasture (gamp), and linear effects of time interval (α1) and year 

(α2): 

logit (γ ) = 𝑔𝑎𝑚1,𝑝 + α1𝑇𝑖𝑚𝑒𝑡 + α2𝑌𝑒𝑎𝑟𝑘 1,𝑝𝑡𝑘 

logit (γ ) = 𝑔𝑎𝑚2,𝑝 + α1𝑇𝑖𝑚𝑒𝑡 + α2𝑌𝑒𝑎𝑟𝑘 (2.1)
2,𝑝𝑡𝑘 

logit (γ ) = 𝑔𝑎𝑚3,𝑝 + α1𝑇𝑖𝑚𝑒𝑡 + α2𝑌𝑒𝑎𝑟𝑘 .3,𝑝𝑡𝑘 

For survival, nests could not persist in the same nest stage from one time interval 

to the next, so  was fixed at 0. However, a nest in treatment j could survive from lay to 

incubation stage (1,j), lay to nestling stage (2,j), or incubation to nestling stage (3,j), and 

therefore I estimated individual survival parameters for each transition. The probability of 

a nest in the lay stage becoming inactive before the following interval was thus 1 – 1,j – 

2,j, again constrained by a multinomial logit link. The probability of becoming inactive 

(fledge or fail) after the incubation stage is simply 1 – 3,j. Finally, once nests reached the 

nestling stage in time t, they became inactive by t + 1, and remained inactive, so  was 

fixed at 1 for both transitions. The state transition matrix was thus: 

Pastures varied in number of nests entering in each stage, which could make 

estimating pasture-specific entry probabilities difficult for pastures with few nests. I 
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therefore specified population-level hyper-parameters (μγ and σγ
2), from which were 

2drawn pasture-specific covariates for entry probability, e.g., 𝑔𝑎𝑚1,𝑝 ~ N(μγ_1, σγ_1). 

Therefore, covariates with little information from the data shrink their estimates toward a 

population mean and variance, and I assumed that entry probabilities for each stage 

functioned similarly in the broader population but could vary by pasture. This assumption 

is reasonable given the highly localized distribution of my study pastures compared with 

the regional distribution of Dickcissels (Temple 2002), so processes of migration and 

colonization are likely similar among the study pastures. I similarly modeled treatment-

specific survival estimates as drawn from population-level hyper-parameters (μϕ and σϕ
2 ). 

I evaluated the response of model estimates to two different priors for hyper-parameter 

means, including a standard uninformative normal prior on the logit scale 

(μ ~ N[0,1000]) and a weakly-informative uniform prior (logit[μ] ~ U[0,1]) appropriate 

for parameters with limited data (Lunn et al. 2013). The model converged with normal 

and uniform priors for both sets of parameters, and density estimates were generally 

similar among models. However, estimates of μγ tended to be near 0 (i.e. <0.015) due to 

the large number of augmented individuals and using the normal prior for μγ reduced 

mean estimates of Ns by ~5 nests in 2011, suggesting the uniform prior discouraged 

estimates of μγ near 0. Conversely, estimates of μϕ and σϕ
2 were more variable with the 

normal prior for μϕ, likely due to a paucity of samples in the lay stage needed to estimate 

the first two transition probabilities. I found convergence and subsequent simulation 

results were improved by specifying the normal prior for μγ and the uniform prior for μϕ, 

and therefore I used this parameterization for the final model. 
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For the detection matrix, I estimated one parameter for each nesting stage and 

treatment (p1,j, p2,j, and p3,j for lay, incubation, and nestling stages in treatment j, 

respectively). Correspondingly, the probability of missing an active nest is 1 – p. I fixed 

the probability of “not entered” and inactive nests remaining undetected at 1. This yields: 

I allowed detectability to vary by treatment and assumed p was constant over time 

and year (see Nest Attendance Modeling). Achieving convergence was difficult during 

initial attempts to model nest density using uninformative priors for detectability. 

However, one benefit of using a Bayesian approach is the ability to incorporate prior 

knowledge in models using informative priors (Martin et al. 2005, McCarthy and Masters 

2005). I therefore used empirically derived estimates of mean and variance in 

detectability for each treatment and stage from modeling female nest attendance. I 

supplied these estimates as priors in the JS model on the logit scale, e.g., 

2logit(𝑝1,𝑗) ~ N(μ𝑝_1,𝑗, σ𝑝_1,𝑗). 

I restricted the JS nest density analysis to nests found during bi-weekly nest 

searching events because nests found incidentally likely differed in detectability from 

nests found by rope-drag, and because length of time intervals varied considerably among 

incidental nests found within each 2-week period. I back-dated nest stages for when nests 

were active but undetected and supplied nest stages in the latent state z matrix (Kéry and 
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Schaub 2012). Nest searchers were sometimes aware of nests detected during previous 

nest search events, so I supplied NAs to the encounter history for detected nests in 

subsequent search events until nests became inactive to avoid bias in detectability. In 

addition, we performed one fewer search event the first year than the second (5 in 2011, 6 

in 2012), so to compare total superpopulations between years I specified NAs in the 

encounter history for the missing 6th search event in 2011, allowing the model to predict 

the number of nests, given the model and the data. Finally, I computed nest densities by 

treatment and year as a derived parameter by dividing pasture-specific superpopulation 

estimates by the searchable area in each pasture and then averaging densities among 

pastures in each treatment. 

I fit the JS nest density model using R2jags in R. I ran the model on 3 parallel 

chains for 150,000 iterations, burning the first 50,000 and thinning by 10. I used 95% 

credible intervals (CrI) to compare nest densities among treatments, and between the JS 

model and the relative nest density models. 

Simulation Study 

I evaluated accuracy and precision of the model by simulating datasets and 

comparing estimates generated from the JS model with known values of Ns, p, and . I 

simulated data with low p (p1 = 0.4, p2 = 0.6, p3 = 0.1), high p (p1 = 0.6, p2 = 0.8, p3 = 

0.3), low  (1 = 0.1, 2 = 0.4, 3 = 0.2) and high  (1 = 0.3, 2 = 0.6, 3 = 0.4), and 

created 4 scenarios with all combinations of p and  (i.e., low  and low p, low  and 

high p, high  and low p, and high p and high ). I also assumed that p and  were 

constant over the 6 2-week time intervals. To mimic my study system, the simulation 
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began with 2000 individual nests in the “not entered” state at t = 0. From t = 1−6, I used 

estimates of entry probability (γ) and linear effect of time (α1) from the field study to 

simulate entry of individuals in each stage over time. I then simulated stage transitions 

and encounter histories for each individual at each time interval based on my proposed 

state and observation matrices (Kéry and Schaub 2012), generating 100 datasets for each 

scenario. This resulted ~229 individuals on average included in the latent superpopulation 

(range: 186−270), of which 101−223 individuals were observed, depending on the 

simulation scenario. Although I supplied each analysis with a latent z matrix, the matrix 

included only individuals that were observed at least once, and therefore known but 

unobserved individuals could not influence estimates of Ns, p, and . Similar to the field 

study, using uninformative priors for p led to few models converging, so I specified 

informative priors for p at each stage. I used the JS model to acquire mean posterior 

estimates for Ns and  from each dataset, sampling for 100,000 iterations after burning 

the first 50,000, and thinning by 10 from 3 parallel chains. All models included a linear 

effect of time on entry probability. I also computed root mean squared error (RMSE) to 

evaluate variance and bias in observed and estimated abundance relative to the true Ns. 

Results 

Nest Attendance Modeling 

Including incidental nests, I found 208 nests over 2 years (n = 85 and 123 in 2011 

and 2012, respectively). Of these nests, 63 in 2011 and 87 in 2012 were found during nest 

search events. Based on 748 nest visits, female nest attendance was best predicted by nest 

stage (Table 2.1). An additive effect of treatment with nest stage was competitive, but the 
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Mound density 

Over two years and four surveys I detected 1,351 IFA mounds across all study 

sites. The detection process of the model revealed a negative effect of VOR (β2) and a 

positive effect of mound height (β3; Table 4.3), and I estimated 4,064 mounds in the 

superpopulation (95% CrI: 3,801–4,340). These estimates indicate that ignoring variation 

in detectability would have substantially underestimated and biased mound density at my 

study sites. For the process part of the model, mean estimates for effects of year (α5) and 

of season (α9) were positive and negative, respectively, though credible intervals of both 

parameters overlapped zero (Table 4.3). Credible intervals from all interaction terms also 

overlapped zero (α6−8, α10−12). Mean parameter estimate for treatment was higher for 

GINP than NMNP whereas GMEP and GMNP were more similar, though there was 

broad overlap among credible intervals. These parameter estimates are reflected in 

derived treatment estimates of mound density (Fig. 4.8), with slight intra-annual 

decreases and inter-annual increases in mound density, but overlapping credible intervals 

among treatments. Mound abundance was negatively correlated with IFA occurrence (r = 

–0.15, 95% CrI = –0.26, –0.02) and, to a lesser degree, abundance (r = –0.09, 95% CrI = 

–0.22, 0.04), illustrating the importance of monitoring multiple IFA indices to adequately 

characterize processes in this species. 

Discussion 

In this study, ordination of arthropod community suggested a bottom-up response 

to NWSG conversion and a negative effect from grazing. However, the majority of 

biomass in our samples consisted of Orthoptera that did not respond to treatment, and 

there was overlap among treatments in ordinal space. Still, two of the four most common 
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Figure 4.4 Mixed effects regressiona of Coleoptera biomass against four vegetation 
parameters correlated with arthropod community ordination. 

aI report marginal R2, representing the proportion of variance explained by fixed effects 
(Nakagawa and Schielzeth 2013). 
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Figure 4.5 Mixed effects regressiona of Hemiptera biomass against four vegetation 
parameters correlated with arthropod community ordination. 

aI report marginal R2, representing the proportion of variance explained by fixed effects 
(Nakagawa and Schielzeth 2013). 
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Figure 4.6 Mixed effects regressiona of Araneae biomass against four vegetation 
parameters correlated with arthropod community ordination. 

aI report marginal R2, representing the proportion of variance explained by fixed effects 
(Nakagawa and Schielzeth 2013). 
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Figure 4.7 Interaction plots for mean IFA occurrence (± SE) by treatmenta measured 
from 36 vials per pasture. 

aTreatments included grazed mixed exotic pasture (GMEP), grazed Indian grass native 
pasture (GINP), grazed mixed native pasture (GMNP), and non-grazed mixed native 
pasture (NMNP). 
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Figure 4.8 Mean IFA mound density (and 95% CrI) by treatmenta estimated from 
pastures. 

aTreatments included grazed mixed exotic pasture (GMEP), grazed Indian grass native 
pasture (GINP), grazed mixed native pasture (GMNP), and non-grazed mixed native 
pasture (NMNP). 
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CHAPTER V 

ECONOMIC AND CONSERVATION IMPLICATIONS OF CONVERTING EXOTIC 

FORAGES TO NATIVE WARM-SEASON GRASS 

Introduction 

Agricultural intensification supplies food to a growing human population by 

increasing productivity per unit of area through greater inputs of fertilizers and pesticides 

(Tilman et al. 2001). However, intensive agriculture also reduces the compositional and 

structural diversity of local vegetation, negatively impacting biodiversity including native 

plants, birds, and insects (e.g., Donald et al. 2001, Fuhlendorf and Engle 2001, Benton et 

al. 2002, Kleijn et al. 2009). Developing agricultural practices that can meet future 

increases in food demand without incurring additional environmental costs is critical to 

avoiding further biodiversity loss (Tilman et al. 2001). 

In the United States, intensive management is often recommended for livestock 

production, including high stocking rates and uniform distribution of grazers (Fuhlendorf 

and Engle 2001, Toombs and Roberts 2009). Exotic forages are also widely established 

(Barnes et al. 2013, Fulbright et al. 2013), and these forages can support high grazer 

densities with large inputs of fertilizer (Monson and Burton 1982, Burns et al. 1984, 

Phillips and Coleman 1995). However, price of nitrogen-based fertilizers can be highly 

volatile (Huang et al. 2009), and high fertilizer costs may negate any additional revenue 

generated by greater forage yield from additional nutrient inputs (Coleman et al. 2001, 
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Deak et al. 2010). High stocking rates and fertilizer use may also increase environmental 

costs via nonpoint source water and air pollution (Stout et al. 2000, Tilman et al. 2002, 

Eickhout et al. 2006) and emissions of N2O, a greenhouse gas (Snyder et al. 2009, Liebig 

et al. 2010). 

Native warm-season grasses (NWSG) are increasingly promoted as a sustainable 

alternative to exotic grass forages (Taylor 2000, Harper et al. 2007). Varieties of NWSG 

can be adapted to local growing conditions, can tolerate poor soil conditions (Jung et al. 

1988), and do not require heavy nutrient inputs (Brejda et al. 1995). Fertilizer 

applications are discouraged because they may reduce native grass establishment success 

(Doll et al. 2011) and encourage growth of weeds (Berg 1995). Establishing native 

grasses as a polyculture also has the potential to increase grassland productivity and 

nutrient retention (Tilman et al. 1996, Sanderson et al. 2005, Deak et al. 2010). Species of 

NWSG differ in their growth and phenology (Ball et al. 2007), so polycultures can 

provide extended forage production within a season while tolerating drought and extreme 

temperatures (Sanderson et al. 2005, Harper et al. 2007, Deak et al. 2010). In addition, 

native forages are managed less intensively than exotic forages, resulting in higher 

average daily gain (ADG) for cattle grazing NWSG at lower stocking rates (Phillips and 

Coleman 1995, Burns and Fisher 2013). NWSG may also be more profitable due to 

higher production costs of more intensively-managed exotic forages (Phillips and 

Coleman 1995, Coleman et al. 2001, Gillen and Berg 2001). 

Native forages may also offer benefits to wildlife such as grassland birds, whose 

populations exhibited steep declines during the 20th century (Sauer and Link 2011). 

Exotic forages are highly unsuitable for most wildlife due to low structure of sod-forming 

96 



 

 

 

 

    

   

 

  

 

 

  

  

  

 

 

 

  

grasses (Barnes et al. 2013, Fulbright et al. 2013), and contemporary management 

typically limits availability of nesting habitat for tall structure specialists (Fuhlendorf and 

Engle 2001, With et al. 2008). In contrast, native grasses have a bunched growth form 

that certain grassland birds will readily use for nesting (Hughes et al. 1999, Chapter 3), 

and reduced grazing intensity of native grass forages may benefit species such as the 

Dickcissel (Spiza americana; With et al. 2008), a tall grass specialist and neotropical 

migrant (Temple 2002). 

In the Southeastern United States, bermudagrass (Cynodon dactylon) and tall 

fescue (Schedonorus arudinaceus) are the two most common exotic forages, established 

on >100 million ha (Barnes et al. 2013). Incorporating NWSG in cattle production 

therefore has potential to substantially improve sustainability and wildlife conservation 

on private lands in this region. However, NWSG conversion incurs costs from 

establishment and loss of revenue while pastures are taken out of production for 2–3 

years. The possibility of not recovering these losses due to establishment failure, 

variation in market conditions, or weather therefore presents substantial risks for 

producers. Despite potential economic and environmental benefits of NWSG, uncertainty 

regarding establishment and risk remains a significant barrier to incorporating these 

grasses in livestock operations (Taylor 2000, Doll and Jackson 2009). Information is also 

needed on the costs and returns from NWSG conversion to assist in distributing cost-

share incentives to producers (Claassen et al. 2008). I therefore conducted a partial 

budget analysis to compare the relative net benefit in converting exotic grass pastures to 

NWSG using production costs and cattle gains from a study in northeast Mississippi 

during 2011–2012. I also conducted sensitivity analyses to evaluate the contribution of 
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factors to marginal rate of return. Finally, I used estimates of avian productivity from my 

study sites for Dickcissels (Chapter 3) to determine the net benefit to grassland avifauna 

from investment in NWSG conversion. 

Methods and Analysis 

Study Site and Experiment 

We assigned 9 pastures (range = 6.4–10.5 ha) to one of three treatments replicated 

in three blocks at Mississippi State University’s Prairie Research Unit (PRU) in Monroe 

Co., Mississippi, USA. Treatments included a grazed mix of bermudagrass and tall fescue 

(hereafter, grazed mixed exotic pasture, or GMEP); Indian grass monoculture 

(Sorghastrum nutans, “Kentucky ecotype”; hereafter, grazed Indian grass native pasture, 

or GINP); and grazed mixed native pasture (GMNP) planted with big bluestem 

(Andropogon gerardii, “Kaw”), little bluestem (Schizachyrium scoparium, “Aldous”), 

and Indian grass. During fall 2007, bermudagrass and tall fescue in native grass pastures 

were treated with imazapyr (ChopperTM) and glyphosate (Table 5.1). The following 

spring (2008), native pastures were prescribed burned and treated with JourneyTM 

(imazapic + glyphosate) and glyphosate to control annual grasses and residual exotic 

forage grasses. Native pastures were then planted in May using a no-till drill (Truax 

Company, Inc., New Hope, MN). During production years (2011 and 2012), we used 

management regimes typically recommended for exotic or native pastures, respectively. 

For example, each spring all native pastures were prescribed burned prior to the addition 

of cattle (Bos taurus). Pastures were continuously stocked mid-May through September 

with fall-born Angus  Hereford steer calves (average initial body weight [BW]: 237±1.5 

kg in 2011 and 262±2.2 kg in 2012) allotted to treatments and pastures by BW at a rate of 
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2.7 steer ha–1 . Following soil tests conducted each spring, fertilizer was applied at 33.6 kg 

ha–1 for native grass pastures and 67.3 kg ha–1 for GMEP. In June 2012, we applied 2,4-D 

herbicide to all pastures at a rate of 2.56 L ha–1 to control competition from broadleaf 

forbs. 

Total growing precipitation (April–October, recorded by a weather monitoring 

station in Aberdeen, MS; NCDC 2014) was 711.7 mm in 2011 and 808.4 mm in 2012, 

whereas the 30-y average (1983–2012) was 744.7 mm. Total precipitation in 2011 was 

unusually low in May (35.6 mm) and July (33.2 mm), but increased in June (100.4 mm) 

and August (92.3 mm). In 2012 total precipitation in May (66.4 mm) and June (59.0 mm) 

were well below the 30-y averages (129.4 and 114.4 mm for May and June, respectively). 

Precipitation subsequently increased in July (129.6 mm) and August (277.5 mm). 

Nevertheless, the prolonged drought earlier in the season necessitated uniform reductions 

in stocking rate by one third 1011 July 2012. 

Average Daily Gain Analysis 

I used linear mixed models from the package nlme (Pinheiro et al. 2014) in R 

(version 3.0.2, R Development Core Team 2014) to test effects of treatment and year on 

ADG (kg d–1). I computed ADG for each animal by subtracting starting weights in May 

from end weights measured when steers were removed in September, then dividing by 

the number of days grazed in each season (111 and 113 days in 2011 and 2012, 

respectively). Following Zuur et al. (2009), I began by fitting the most complex model, 

which included fixed effects of treatment, year, and treatment  year interaction, and a 

random effect of pasture. Then I used likelihood ratio tests to first test for support for the 
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random effect, and then for sequentially more parsimonious models until dropping 

additional covariates did not improve fit. I report mean and SE of treatment estimates, 

and use 95% confidence intervals (CI) to compare treatments. 

Relative Profitability Analysis 

I constructed partial enterprise budgets for each treatment by only including costs 

that varied among treatments, thus permitting calculation of the marginal rate of return 

(MRR) for converting GMEP to native grass pasture (CIMMYT 1988). For each 

treatment and year, I calculated total marginal cost, net benefit, and marginal net benefit 

for the two native treatments relative to GMEP. Budgets excluded costs for pasture 

rental, fertilizer application, procurement and marketing costs, and fixed costs such as 

depreciation, insurance, and taxes, because these should be identical across treatments. 

All costs and revenue were converted to per ha basis, given a stocking rate of 2.7 steers 

ha–1, and I used the United States Consumer Price Index to adjust prices for inflation to 

2011 dollars (Bureau of Labor Statistics 2013). 

For NWSG treatments, establishment costs included herbicide purchase and costs 

associated with two applications for bermudagrass and tall fescue eradication in fall 

2007. In spring 2008, costs included fire lane establishment, prescribed fire, pure live 

seed purchase, no-till planting, and one at-plant herbicide application of glyphosate + 

imazapic (Table 5.1). Seeding rate for GMNP was higher than GINP due to lower 

germination rate of little bluestem (Steinberg 2002). Establishment also included real 

discount rate on operating capital over 6 months. I calculated discount rates by averaging 

annual interest rates for 2003-2012 (2.5%; U.S. Department of Labor 2013) and 

subtracted this from a nominal rate reported by a University of Tennessee beef enterprise 
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budget (8%; Rhea et al. 2007). Establishment costs (P) were then prorated using an 

𝑟(1+𝑟)𝑡 
annuity formula: 𝐴 = 𝑃 , with an r = 5.5% annual interest rate prorated over t = 

(1+𝑟)𝑡−1 

10 years (Doxon et al. 2012). Additionally, converting exotic forages to NWSG incurs 

opportunity cost of taking pastures out of production. Therefore, I summed cash rent 

reported by NASS (2013b) for pastureland in Monroe Co., Mississippi, during 2009– 

2010, adjusting for inflation, and included this value among establishment costs for each 

NWSG treatment. Instead of establishment costs, GMEP pastures incurred maintenance 

costs from two applications of 75% sulfosulfuron (OutriderTM) at 0.14 kg ha–1 for 

bermudagrass release in spring 2009 and 6-month operating capital, the total of which 

was then prorated over 10 years. 

During operation years (2011, 2012), native grass pastures incurred maintenance 

costs I used price and rates for prescribed fire from my study at the PRU, adjusting fire 

lane costs for mean pasture size and perimeter length. Fertilizer rates were based on 

actual use during the study, and I used annual prices of ammonium nitrate reported by 

NASS (2013a) for East South Central United States. Interest on operating capital was 

also included. Inputs of lime and phosphorous may incur additional costs to a grazing 

enterprise, though in my study application rates for lime and phosphorous related to 

individual pasture condition rather than stand type. As such, these inputs were equivalent 

to other pasture maintenance items that did not vary by treatment, such as fencing, and 

therefore were not included in the partial budget analysis. I calculated cost from steer 

purchase by multiplying treatment-specific mean starting weights by stocking rate and 

price paid for steers and heifers in May ($ kg–1) reported by NASS (2013a). After the 

summer grazing period, I assumed all steers were finished on shelled corn and soybean 
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meal for 130 days, yielding an ADG of 1.32 kg day–1 (Rhea et al. 2007). Cost of 

capitalization of steer and other operation costs were calculated over the length of the 

grazing season and finishing period each year. I also included costs from death loss 

during operation (2%), and death loss (3%) and shrink (2%) during procurement (Rhea et 

al. 2007). I estimated final weights using treatment- and year-specific ADG estimates 

multiplied by number of summer grazing days in a season, adding the May starting 

weights and weight from finishing. I then computed annual gross income as the product 

of final weight, price received for steers the following January reported by NASS 

(2013a), and the stocking rate. To account for the mid-season uniform reduction of 

stocking rates in 2012 (see Study Site and Experiment), I repeated the procedure for 

modeling ADG, this time with cattle weights from July, and calculated the revenue from 

selling one third of the herd with price received reported for July 2012 (NASS 2013a). 

The revenue received from selling the rest of the herd the following January was 

correspondingly adjusted to two-thirds the initial stocking rate. 

I calculated MRR for NWSG conversion (GINP or GMNP) by dividing the 

marginal net benefit (difference in net benefit between NWSG treatment and GMEP) by 

the total marginal cost (difference in total cost between NWSG treatment and GMEP) 

and multiplied the result by 100% to convert to percentage. The resulting value is 

interpreted as the additional benefit (after investment in NWSG conversion) that the 

enterprise would receive relative to GMEP (CIMMYT 1988). I also conducted sensitivity 

analyses by varying individual parameters in each partial budget by 20% and 

monitoring changes in MRR for GINP and GMNP, thus evaluating the relative 

importance of each parameter. I used prices and rates from 2011 as a baseline scenario, 
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and parameters to vary included January selling price, ADG, fertilizer price, seed prices, 

prescribed fire, and interest rates. I also tested the response of MRR to total establishment 

costs of GINP and GMNP (before being prorated) because variation in establishment 

success determines the final price paid for establishment. 

Finally, cattle prices may have a large influence on profitability of a grazing 

enterprise (Manley et al. 1997), and it is useful to examine how changes in price would 

affect MRR beyond the two years of my study. Therefore, I calculated MRR from NWSG 

conversion for the previous 15 years using my 2011 partial budget as a baseline, and with 

May price paid (1999–2013) and January price received (2000–2014; NASS 2013a). I 

then examined the number of years that NWSG conversion yielded a positive rate of 

return, and calculated the breakeven value for price received. 

Wildlife Response 

During May–August in 2011 and 2012, I intensively searched each pasture every 

two weeks for Dickcissel nests (Chapter 3). Nest status was checked every 1–4 days to 

determine nest fate and estimate daily survival rates (DSR) for each treatment. I used 

estimates of nest density, brood size, and nest survivorship to compute productivity 

estimates (no. fledglings ha–1) for each treatment and year (Chapter 3). Using Dickcissel 

productivity is useful for comparing wildlife benefits because my results can then be 

interpreted as the relative price per additional fledgling for converting GMEP to either 

NWSG treatment (Musters et al. 2001). However, previous attempts at relating 

management practices to nest density assumed perfect detection of nests (Musters et al. 

2001, Oosterveld et al. 2011), but this assumption is unlikely due to variation in 

vegetation structure and female nest attendance (Chapter 2, Giovanni et al. 2011, Powell 
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et al. 2012). My analysis differs because I used the encounter history of nest search 

events to estimate nest density while accounting for detection probability (Chapter 2), 

thus providing an unbiased estimate of wildlife response to conservation-oriented 

management. I used a partial budget approach to calculate MRR from investment in 

terms of Dickcissel productivity. In this case, I replaced net benefit with treatment-

specific productivity estimates, and divided the marginal net benefit (difference in 

productivity between NWSG and GMEP) by the marginal cost to yield a marginal rate of 

return in productivity. I interpreted this value as the change in productivity for every 

$100 invested in NWSG conversion. 

Results 

Average Daily Gain Analysis 

For May–September ADG, likelihood ratio tests indicated support for inclusion of 

a random effect for pasture (L = 20.19, df = 1, P < 0.001). Inclusion of a Treatment  

Year interaction was not supported (L = 3.60, df = 2, P = 0.17), but dropping treatment (L 

= 13.07, df = 2, P = 0.002) or year (L = 51.58, df = 1, P < 0.001) effects did not improve 

fit. Overall, ADG was lower in 2012 than 2011 ( = 0.291, SE = 0.039, t350 = 7.418, P < 

0.001), and ADG for GMEP was 33% and 31% lower than GINP and GMNP in 2011, 

respectively, and 42% and 40% lower in 2012 (Table 5.2). Confidence intervals for ADG 

overlapped broadly between GINP and GMNP. Analysis of ADG for May–July 

supported inclusion of a pasture random effect (L = 3.28, df = 1, P = 0.035), but not 

Treatment  Year interaction (L = 3.08, df = 2, P = 0.21) or Year (L = 2.48, df = 1, P = 

0.12). Average daily gain was again similar between both native grass treatments, 
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whereas ADG for GMEP was 34% and 25% lower than GINP and GMNP, respectively 

(Table 5.2). 

Partial Budget Analysis 

Establishment cost was 10.5% greater for GMNP ($880.12 ha–1) than GINP 

($796.13 ha–1), driven by higher cost of pure live seed for the native grass mix (Table 

5.1). When prorated over ten years, establishment cost per annum was $116.76 ha–1 for 

GMNP and $105.62 ha–1 for GINP. In contrast, initial maintenance cost for GMEP 

incurred a prorated annual cost of $12.75 ha–1 . Both years, all treatments received 

positive net revenue from operations, though net revenue declined by >75% from 2011 to 

2012 (Table 5.3). However, higher net benefits in native treatments relative to GMEP 

compensated for higher total marginal costs, with 35.9% and 28.5% MRR for GINP in 

2011 and 2012, respectively. Marginal rate of return was also positive for GMNP in 2011 

(12.8%), but not in 2012 (–2.0%). The disparity between the two years was likely driven 

by a combination of lower ADG (Table 5.2), heavier starting weights, and 18% higher 

spring purchase price for cattle in 2012 but only a 5% increase in price received in the 

fall (Fig. 1a). Price of ammonium nitrate was also 5% higher in 2012 than 2011. 

Sensitivity analyses indicated that ADG and selling price contributed greatly to changes 

in MRR for GMNP, with >150% change in MRR from 20% change in gain or selling 

price (Table 5.4). GINP responded similarly, but to a lesser degree. Decreasing cost of 

prescribed fire and establishment had a positive effect on MRR, particularly for GMNP 

with >50% increase in MRR from each parameter. Fertilizer, seed, and interest rates had 

comparatively smaller effects on MRR. 
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During 2000–2014, price received in January for steers (adjusted for inflation) 

ranged from $2.11 kg–1 in 2000 to $3.32 kg–1 in 2013 (Fig. 5.1a) and was consistently 

lower than price paid the previous May except for 2013–2014. Assuming all other values 

were constant from the 2011 partial enterprise budget, GINP would yield a positive MRR 

for 11 of 15 years under consideration (Fig. 5.1b), with a breakeven selling price of 2.06 

kg –1 (or $93.53 cwt–1). Marginal rate of return would be positive for cattle grazing GINP 

each year that selling price was at or above this value, though for 1999–2000 MRR was 

near 0. By comparison, MRR from GMNP was positive for 4 of 15 years under 

consideration (Fig. 5.1c). The breakeven selling price for this treatment was $2.48 kg–1 

(or $112.68 cwt–1). 

Dickcissel productivity decreased in all treatments from 2011 to 2012, though 

mean estimate of productivity was consistently greater in GMNP than GMEP and GINP 

(Fig. 5.2). Mean productivity estimates in GINP tended to be greater than in GMEP in 

2011 but not 2012. In 2011, GINP increased productivity by 0.14 fledglings ha–1 relative 

to GMEP for every $100 invested, whereas productivity in GMNP increased by 0.31 for 

the same investment. In 2012, decreases in productivity for GINP lead to slightly 

negative MRR for every $100 investment (–0.02), whereas GMNP yielded a 0.27 

increase in productivity. This suggests that a greater investment in GINP (such as by 

converting a larger area) would be required to achieve increases in productivity 

equivalent to GMNP. 

Discussion 

Given an enterprise that purchases steer in May, grazes continuously through 

summer, and sells the following January, NWSG conversion has clear potential to 
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produce positive MRR on investment relative to exotic grass pastures currently used for 

livestock production, even when including prorated costs from establishment. The 

comparative advantage of NWSG pastures over GMEP was primarily from higher ADG. 

Nutritional analysis of forages among my pastures indicated crude protein and 

digestibility were highest among GMEP pastures, likely a response to greater fertilizer 

application rates (Oloyede 2013). However, dry matter yield was higher among native 

grass pastures, especially for GINP during peak production (July), and therefore forage 

availability rather than quality may explain observed differences in ADG among 

treatments. Average daily gain estimated for GMEP in 2011 was comparable with gains 

reported previously for bermudagrass with higher stocking rates but also with greater 

nutrient inputs (Utley et al. 1976, Burns et al. 1984, Burns and Fisher 2008, Burns et al. 

2009, Burns and Fisher 2013). Higher ADG for NWSG is also consistent with previous 

studies (Coleman et al. 2001, Gillen and Berg 2001, Burns and Fisher 2013), although 

increased stocking rates in exotic grass treatments often produced total gain ha–1 

equivalent to native grass pasture. However, higher stocking rates in these intensive 

systems also incurred higher production costs, making native grass systems more 

profitable overall (Phillips and Coleman 1995, Coleman et al. 2001, Gillen and Berg 

2001). Higher stocking rates also exposes producers to greater risk from variability in 

weather (Parsch et al. 1997) and cattle price (Manley et al. 1997). 

Importance of forage availability is also illustrated by the reduction in ADG that 

coincided with drought in 2012. Drought reduces profitability of grazing enterprises 

(Dunn et al. 2010), and all treatments yielded lower net revenues in 2012 than in 2011. 

Drought resistance is touted as a potential benefit for native warm-season grasses due to 
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their deep root growth (Harper et al. 2007), and for polycultures over monocultures 

(Sanderson et al. 2005, Deak et al. 2010). However, in my study the response to drought 

from NWSG and GMEP was similar because a Treatment  Year interaction for ADG 

was not supported. This trend may reflect the recent establishment of the NWSG 

pastures, but may also be due to the fairly dry conditions of both years of my study, 

preventing me from quantifying the response of forages to the full range of precipitation 

experienced in this region. 

Economic Implications 

Price of nitrogen fertilizer may affect rates of return for NWSG conversion 

(Doxon et al. 2012), and I found a positive effect of nitrogen prices on MRR. GMEP 

required twice the amount of fertilizer than native pastures, and as fertilizer prices 

increase, the difference in cost between GMEP and native pastures also increases, 

resulting in a higher MRR for native pastures. However, sensitivity analysis indicated 

that the response to fertilizer prices was relatively small, indicating that benefits from 

increased ADG due to NWSG conversion surpassed potential savings from reduced 

fertilizer costs. One study of fescue-bermudagrass pastures demonstrated that higher 

gains (max. 0.66 kg d–1) could be achieved at higher stocking rates with annual fertilizer 

applications up to 4.6 times greater than in my study (Franzluebbers et al. 2012). 

Applying fertilizer at such rates would increase fertilizer costs for GMEP from $36–38 

ha–1 to $164–173 ha–1, which approaches the $182–194 ha–1 from maintenance and 

prorated establishment costs of NWSG pastures. However, intensive management of 

exotic forages is also accompanied with other costs and risks beyond the price of 
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fertilizer, such as greater nonpoint source pollution and financial risk from fluctuations in 

fertilizer prices and drought. 

Importance of ADG and selling price also suggests that the advantage of NWSG 

conversion over current production from exotic forages may depend on external factors 

such as beef markets and weather. January price received for steer surpassed the 

breakeven price in MRR ($2.48 kg–1) for GMNP during the last three years under 

consideration (2012–2014), so if these trends persist there is a high likelihood that 

conversion to either GINP and GMNP would yield a positive MRR. Marginal rate of 

return was also sensitive to establishment costs and price of seeds. Establishment success 

may vary due to precipitation (Bakker et al. 2003) and control of exotic warm-season 

grasses (Barnes 2004), and in my study the incomplete eradication of bermudagrass 

followed by disturbance from grazing likely encouraged the spread of this grass in native 

pastures (see Chapter 4). Continuation of this study in subsequent years may therefore 

have incurred additional costs for herbicide treatment and removing NWSG pastures 

from production for recovery. These results illustrate several important potential sources 

of risk that producers should consider when investing in NWSG conversion. 

Wildlife Response 

Whereas lower establishment costs and slightly higher ADG for GINP led to a 

higher financial MRR for this treatment, MRR on Dickcissel productivity was 

consistently higher for GMNP. The difference in productivity between the grazed native 

grass treatments was a function of higher nest densities in GMNP (Chapter 2) because 

daily survival rates and brood size were similar to GINP (Chapter 3), suggesting a greater 

availability of nest sites in the polyculture than in the NWSG monoculture. Sensitivity 
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analysis suggests that subsidies aimed at promoting wildlife should seek to offset higher 

seed and establishment costs of GMNP, and reduce the comparative advantage of higher 

ADG with GINP given variable livestock prices. 

Higher MRR in Dickcissel productivity for GMNP also indicates fledglings are 

relatively more expensive to produce with GINP. Interpreted from this perspective 

presents a shift from payment for actions toward payment for results. Instead of 

mandating a specific management regime, result-oriented payments are offered to 

producers for specific outcomes such as for number of nests found and protected 

(Musters et al. 2001). Benefits of result-oriented schemes over payment for actions 

(reviewed by Burton and Schwarz 2013) include greater cost-efficiency of conservation 

subsidies, increased flexibility for landowners in making management decisions, and 

stronger ties between landowners and biodiversity by treating environmental outcomes as 

another source of revenue in their enterprise. For example, if producers managing NWSG 

grazing are compensated for each Dickcissel nest in their pasture, they may be further 

motivated to reduce stocking rates during drought to maintain tall cover and nest site 

availability. However, ability of landowners or monitoring agencies to effectively and 

efficiently estimate nest density remains a significant challenge in using such an index as 

a biodiversity indicator for result-oriented payments (Matzdorf et al. 2008, Matzdorf and 

Lorenz 2010, Burton and Schwarz 2013). 

Conclusions 

The ecological value of low-intensity agriculture is widely recognized, though 

focus of conservation policy is typically directed toward compensating producers for loss 

in productivity (e.g., Bignal and McCracken 1996, Musters et al. 2001). Proponents of 
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land-sparing (maximizing productivity on agricultural lands to avoid further cultivation 

of natural areas) also assumed that biodiversity benefits from land-sharing required 

decreased agricultural intensity, and thus productivity (e.g., Green et al. 2005, Phalan et 

al. 2011). However, my study suggests that at equivalent stocking rates NWSG pastures 

may yield greater livestock gain than exotic forages despite lower intensity (reduced 

fertilizer inputs), and the additional net benefit for wildlife suggests a win-win scenario 

for producers and conservationists. Furthermore, the economic benefit of intensive 

grazing is increasingly questioned given the higher production costs due to heavy 

fertilizer inputs, which then reduce the return on investment from each animal in 

production (Coleman et al. 2001, Fuhlendorf and Engle 2001, Gillen and Berg 2001, 

Burns and Fisher 2013). Currently the majority of Natural Resources Conservation 

Service (NRCS) assistance and funding promotes intensive livestock management on 

private lands, such as through increased fencing and water source distribution (Toombs 

and Roberts 2009). Diverting efforts instead toward promoting NWSG conversion and 

less intensive management may increase the sustainability and wildlife value of private 

pastureland in the United States. 

My analysis shows that reduction in costs from establishment and management of 

NWSG can reduce risk from NWSG conversion through substantial increases in MRR. 

This indicates several potential avenues for subsidies and cost-share to encourage 

participation. For example, working-land programs such as the Environmental Quality 

Incentives Program (EQIP) offer payments for a variety of environmentally-beneficial 

structural and management practices, and >60% of funds are appropriated for livestock 

producers (Claassen et al. 2008). Surveys indicate a general interest in conservation and 
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the environment among cattlemen (Jacobson et al. 2003, Doll and Jackson 2009, Willcox 

et al. 2012), which suggests that they may be receptive to NWSG. Furthermore, 

successful programs such as the Conservation Reserve Program may have unwittingly 

discouraged enrollment by excluding grazing and haying from contracts (Esseks and 

Kraft 1986), so the ability of cattlemen to keep land in production will likely encourage 

participation in programs that promote NWSG conversion. Many landowners are 

unaware of the availability and their eligibility for conservation programs, and this is 

consistently a major factor limiting landowner participation (Esseks and Kraft 1986, 

Jacobson et al. 2003, Doll and Jackson 2009, Lubell et al. 2013). Active outreach is 

therefore needed to promote the different cost-share programs available for NWSG 

conversion while ensuring that both landowners and funding agencies can make informed 

decisions. 
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Item  Function   Rate (ha–1)   Costa  ($ ha–1) 
Imazapyr  Pre-plant bermudagrass eradication   3.51 L  139.84 
Glyphosate  Pre-plant tall fescue eradication   9.37 L  82.61 

 Imazapic + 
Glyphosate   At-plant herbicide  1.61 L  46.58 

Glyphosate   At-plant herbicide  2.34 L  20.66 
 Spray Herbicide application   3  77.47 

Fire lane  Prescribed fire  43.24 m   4.08 
 Fire Prescribed fire   1  51.64 

Seed and no-till 
 planting  GMNP establishment 13.45 kg PLS   349.98 

Seed and no-till 
 planting  GINP establishment 8.97 kg PLS   268.23 

Pastureland rent  Opportunity cost   2 years   86.01 
  

Table 5.1 Rate and cost of items for establishment of GINP and GMNP at the 
Mississippi State University Prairie Research Unit in Prairie, MS, USA. 

aCosts were converted to 2011 prices, accounting for inflation. 
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Year Month GMEP GINP GMNP 
2011 September 0.42 (0.32−0.51) 0.63 (0.54−0.73) 0.61 (0.52−0.70) 
2012 September 0.29 (0.19−0.38) 0.50 (0.40−0.60) 0.48 (0.38−0.57) 

Pooledb July 0.57 (0.51−0.63) 0.87 (0.70−1.03) 0.76 (0.59−0.93) 
 

 

 

    
  

   
 

 
  

 
       
       
       

 
 

 

  

    
      

       
      
      

      
      

      
      

 
 

   

Table 5.2 Mean average daily gain (kg d–1, and 95% CI) for steer estimated from 
linear mixed models by year, removal month, and treatmenta. 

aTreatments include grazed mixed exotic pasture (GMEP), grazed Indian grass pasture 
(GINP), and grazed mixed native pasture (GMNP).
bEffect of year was not supported for July ADG models, so estimates were pooled across 
years. 

Table 5.3 Costs and revenue ($ ha–1) from partial enterprise budgets used to calculate 
marginal rate of return for conversion of GMEP to GINP or GMNP. 

Treatmenta 2011 2012 
Total cost Total Net revenue Total cost Total Net revenue 

revenue revenue 
GMEP 2043.02 3444.20 1401.18 2663.24 2994.74 331.50 
GINP 2176.32 3625.36 1449.04 2776.34 3140.07 363.73 

GMNP 2188.98 3607.98 1419.75 2779.83 3109.01 329.18 
aTreatments include grazed mixed exotic pasture (GMEP), grazed Indian grass native 
pasture (GINP), and grazed mixed native pasture (GMNP). 

Table 5.4 Sensitivity analysisa of marginal rate of return from conversion of GMEP to 
GINP and GMNP. 

20% decrease 20% increase 
Parameter Baseline value GINP GMNP GINP GMNP 

Selling Price 2.93 ($ kg–1) –77.2 –166.1 72.6 184.6 
ADGb 0.63, 0.61 (kg day–1) –75.3 –173.5 73.9 170.0 
Seedb 164.60, 248.19 ($ ha–1) 15.2 45.5 –10.6 –36.8 

Prescribed fire 51.64 ($ ha–1) 38.2 80.6 –31.8 –53.2 
Fertilizer 0.480 ($ kg–1) –10.3 –21.9 10.9 23.1 
Interest 5.5% 15.1 39.3 –14.3 –37.1 

Establishmentb 796.13, 880.12 ($ ha–1) 71.4 168.4 –51.8 –121.3 
aI conducted sensitivity analysis by varying 2011 partial budget parameters (±20%) and 
quantifying the percent change in marginal rate of return.
bBaseline values are reported for GINP and GMNP, respectively. 
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Figure 5.1 Price paid in May (1999–2013) and price received in January (2000–2014) 
for steers reported by NASS (a), and corresponding marginal rate of return 
for converting GMEP to GINP (b) and GMNP (c), given 2011 partial 
budget values at the Mississippi State University Research Unit in Monroe 
Co., MS, USA, 2011–2012. 
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Figure 5.2 Mean estimates of Dickcissel productivity (and 95% CrI) by treatment 
(Chapter 3).. 
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CHAPTER VI 

GENERAL CONCLUSIONS 

The results of my study suggest a positive response from Dickcissels and certain 

arthropod taxa to NWSG conversion and a negative effect of grazing. Nest site 

availability, as indicated by my unbiased estimates of nest density, was the primary driver 

of higher Dickcissel productivity in non-grazed NWSG because estimates of DSR and 

brood size were largely similar among treatments. Importance of structure is also 

illustrated by the apparent equivalence of arthropod biomass among grazed native and 

exotic polycultures and native monocultures, at least in the short-term. One important 

caveat is that I lacked a non-grazed exotic grass treatment, and therefore I could not test 

response of wildlife to grazing in exotic forages. However, management for 

bermudagrass typically requires close grazing and haying (Ball et al. 2007), so it is 

unlikely that stands of bermudagrass would be left idled or would attain the height of 

non-grazed NWSG in this region. Tall fescue is also grazed and hayed, but substantial 

coverage of this grass may be idled through the Conservation Reserve Program (CRP; 

Carmichael 1997). One comparison between idled tall fescue and NWSG fields found 

similar total density and biomass of invertebrates (Fettinger et al. 2002), suggesting 

further support for the role of disturbance in shaping arthropod communities in the 

Southeast, though further study is needed. 
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Conservationists that wish to promote NWSG conversion should consider the 

importance of disturbance and structure in achieving their objectives. Heavy grazing may 

be detrimental to native grass stands over time, reducing coverage of perennial C4 grasses 

(Hickman et al. 2004, Bouressa et al. 2010). Interestingly, the two native grazed 

treatments exhibited large inter-annual increases in bermudagrass coverage. Disturbance 

from grazing increased invasion of exotic grasses in other systems (Bock et al. 2007), and 

preferential grazing for NWSG over bermudagrass (Burns et al. 1991) may have reduced 

coverage of native grasses and released remnant bermudagrass patches to spread. My 

study therefore suggests NWSG conversion is sensitive to success of exotic grass 

eradication and the degree of disturbance following establishment. However, 

management of native forages typically precludes heavy stocking rates and may require 

resting (Mousel et al. 2003, Chamberlain et al. 2012). Furthermore, results from this 

study (Chapter 5) and others (Phillips and Coleman 1995, Coleman et al. 2001, Gillen 

and Berg 2001) suggest producers will not bear a financial cost for reduced management 

intensity on NWSG. 

Given the extent of exotic forages in the Southeast (Barnes et al. 2013), even 

converting a subset of pastures to NWSG could increase native grass coverage by 

millions of hectares, illustrating the importance of private lands for conservation. My 

results indicate that native grasses are competitive with livestock production on exotic 

forages at equivalent stocking rates, and may be a viable alternative to current summer 

grazing enterprises. Incorporating NWSG in livestock production may also benefit 

declining tall grass birds in this region. Additional study is needed on the long-term 

viability of NWSG conversion for producers, and on the appropriate grazing regime that 
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promotes cattle gain without reducing nest site availability or encouraging bermudagrass 

spread. 
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