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Abstract 

 

 Agricultural expansion and increasing urbanization are driving rapid landscape 

modification in the Tallgrass prairies ecosystem and are affecting biodiversity at multiple spatial 

scales. Thus, the conservation of fragmented grassland and steeply declining grassland avifauna 

is dependent on the relationship between local- and landscape-scale factors and avian 

assemblage. We also need to understand how these factors, operating at different spatial scales, 

drive the occupancy of different guilds in the assemblage. We conducted repeated point count 

surveys during the breeding season of 2019 at 66 grassland sites across Arkansas and Missouri, 

USA. We developed a multi-species occupancy model to estimate species richness, and species- 

and guild-specific occupancy probability while accounting for species-specific detection 

probabilities. We examined the effect of landscape elements: type of landcover around a site, 

area and shape of a fragment and local-level elements: habitat type (remnant prairie/ hayfield), 

proximity to trees, and vegetation composition and structure on avian assemblage and guild-

specific occupancy probability. Overall, we found that factors operating at landscape-scale have 

a significant effect on overall richness and composition of avian assemblage and guild-specific 

occupancy probability. The avian assemblage richness was higher for heterogenous landscape, 

small patches, and patches with more edge habitat which was a result of lower proportion of 

habitat specialists (grassland obligate) and higher proportion of habitat generalists. For grassland 

obligate species, high grassland cover, low forest cover, large patch area, less edge habitat, and 

lower litter depth had strong positive effects on their occupancy and guild-level species richness 

at a site. For grassland facultative species, high development around a site, small patch, high 

edge habitat, and lower litter depth had strong positive effects on their occupancy and guild-level 

species richness at a site.  For woodland species, low grassland cover and high forest cover 



  

around a site, small patch, and high edge habitat had strong positive effects on their occupancy 

and guild-level species richness. Collectively, our results indicate that response to local- and 

landscape-scale factors varies between the guilds and habitat specialists are negatively affected 

by habitat fragmentation. Conservation efforts should focus on conserving landscapes, large 

tracts of prairies, minimize woody encroachment, reduce edge habitat and maintain heterogenous 

vegetation structure to mitigate grassland bird decline. 
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Introduction 

 

 One of the greatest environmental challenges of the 21st century is to slow biodiversity 

loss (Pimm et al. 2014). Along with multi-fold increase in global extinctions, biotic changes such 

as changes to abundance of common species, invasive species, and shuffling of species 

assemblage have profound effects on ecosystem functioning and services (Hooper et al. 2012). 

One of the primary causes of these biotic changes is habitat loss and habitat fragmentation. 

Humans have severely altered more than three quarters of Earth (Díaz et al. 2019) and 

agricultural intensification and urbanization further threatens remaining habitats (Andren 1994).  

 Globally, grasslands are one of the most threatened biomes with nearly half (46%) having 

been replaced by crop agriculture and other land uses (Hoekstra et al. 2005). In North America, 

more than 96% of tallgrass prairie has been lost (Samson and Knopf 1994), and the remaining 

tallgrass prairie habitat is either managed intensively for cattle production (With et al. 2008, 

Rahmig et al. 2009) or managed as wildlife reserve. Due to fire suppression, climate change, and 

surrounding land development around unmanaged grasslands, shrubs and trees are encroaching 

into these grasslands (Briggs et al. 2005, Kulmatiski and Beard 2013, Ratajczak et al. 2014, 

Scholtz et al. 2018). Additionally, due to ever-increasing energy demands, oil and gas wells and 

wind turbines are now common within grasslands (Hovick et al. 2014, Shaffer and Buhl 2016). 

Only 2% of remaining native grasslands in the USA are publicly owned and managed for 

conservation (NABCI 2011), reflecting the generally low level of protection that temperate 

grasslands receive worldwide (Hoekstra et al. 2005). Widespread habitat loss and degradation is 

concomitant with steep decline in grassland bird populations (Rosenberg et al. 2019).  
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 Habitat loss and fragmentation leads to modifications of several local- and landscape-

scale factors which are known to impact occupancy, abundance, and reproductive success of 

grassland birds. Many grassland bird species such as Greater Prairie-Chicken (Tympanuchus 

cupido), Henslow’s Sparrow (Ammodramus henslowii), and Grasshopper Sparrow 

(Ammodramus savannarum) have large habitat area requirements and hence do not occur in 

landscapes without expansive grassland (Ribic et al. 2009, Winder et al. 2014). Increased edge 

exposure due to habitat fragmentation leads to greater risk of adult mortality (Hovick et al. 

2014), nest predation (Renfrew and Ribic 2008, Klug and Jackrel 2010), and/or brood parasitism 

by Brown-headed Cowbirds (Molothrus ater) (Winter et al. 2000). Previous empirical studies 

have shown that the occurrence and abundance of some grassland birds is strongly correlated 

with interior or ‘core’ grassland area away from edges than total grassland area (Helzer and 

Jelinski 1999, Renfrew and Ribic 2008). Though these species-specific studies or studies on few 

habitat specialists inform grassland bird conservation and habitat management decisions, we 

have little understanding of how local- and landscape-scale factors affect the avian assemblage in 

fragmented Tallgrass prairie landscapes. 

 The objective of this study was to examine effects of local- and landscape-scale factors 

on species-specific occupancy and detection probability and composition of avian assemblages. 

We collected occurrence data for birds across 66 sites in northwestern and central Arkansas and 

southwestern Missouri in 2019. At the local-scale, we collected data on vegetation structure, type 

of grassland (remnant prairie/ hayfield), and proximity to trees for each site. On a landscape-

scale, we measured percent land covered by three land cover types: grassland, forest, and 

developed within 1 km buffer around each site, and area and perimeter-to area ratio of grassland 

fragment. We used Bayesian Hierarchical community occupancy modelling to estimate species 
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richness and occupancy probability of guilds based on habitat preference of species and the 

whole assemblage while accounting for species-specific detection probabilities. This research 

informs the habitat management strategies for grassland bird conservation. 
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Chapter 1 

 
 

Influence of Local- and Landscape-scale Factors on Avian Assemblage in Fragmented 

Tallgrass Prairie Landscape 

 

Introduction 

 
 The primary cause of alarming declines in global biodiversity is the destruction and 

degradation of natural ecosystems (Pereira et al. 2010, Rands et al. 2010). Intensification of 

agriculture and urbanization are major drivers of habitat destruction (Wilcove et al. 1986, 

Andren 1994). Habitat destruction typically leads to fragmentation, the division of a habitat into 

smaller and more isolated fragments embedded in a matrix of human-transformed land cover. 

The loss of area, increase in isolation, and greater exposure to human land uses along fragment 

edges initiate long-term changes to the structure and function of the remaining fragments 

(Lindenmayer and Fischer 2013, Haddad et al. 2015).  

 Globally, grasslands are among the most threatened biomes (Hoekstra et al. 2005) due to 

habitat loss and fragmentation (Askins et al. 2007). North America’s grasslands have 

experienced substantial impacts from agricultural expansion and increasing urbanization. 

Additionally, the current economic climate continues to drive substantial grassland conversion to 

agriculture (Wright and Wimberly 2013, Wright et al. 2017). Such substantial and ongoing 

habitat loss and fragmentation has precipitated widespread declines in grassland birds (Sauer and 

Link 2011, Rosenberg et al. 2019). North American grassland birds are experiencing the steepest 

population declines compared to any other group of birds on the continent (North American Bird 

Conservation Initiative Canada 2012).   
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 Widespread declines have prompted much species-specific research on grassland bird 

populations at the habitat patch level including effects of habitat loss and fragmentation (Herkert 

1994, Helzer and Jelinski 1999, Fletcher Jr 2005) and habitat quality and both vegetation 

composition and structure (O'Leary and Nyberg 2000, Ribic and Sample 2001, Davis 2004, With 

et al. 2008) and landscape level (Bakker et al. 2002, Shahan et al. 2017). For example, in 

fragmented grasslands of Illinois, habitat loss and fragmentation were shown to be likely the 

causes of midwestern grassland bird declines, especially for area-sensitive species (Herkert 

1994). In the prairies of southern Saskatchewan, the vegetation structure, patch size, and ratio of 

edge to interior habitat were important predictors of grassland songbird abundance and 

occurrence (Davis 2004). Protection of both small native-prairie fragments with minimal edge 

habitat and large continuous tracts are known to play a critical role in conservation of grassland 

birds (Davis 2004). By looking at three grassland specialists, With et al. (2008) pointed out that 

large habitat area is not a guarantee of population viability if the available habitat is of poor 

quality, such as in regions predominantly managed for agricultural and livestock production. 

These species-specific studies, while important, tend to do ignore the effect of fragmentation on 

composition of avian assemblage in remaining grassland fragments. The number of species in an 

area is undeniably important, but the presence or absence of certain species or overall 

composition of a community can often be an equally important conservation goal. In accordance 

with the degree of fragmentation, species composition within a community may change 

independent of the number of species. For example, the ratio of habitat edge to habitat interior 

can influence the occupancy and abundance of ‘‘invasive’’ or ‘‘edge specialist species’’ vs. 

‘‘interior species’’ (Yahner 1988, Forman 1995). The effects of fragmentation on communities 

are difficult to assess as the local habitat within a site may be influenced by geographic attributes 
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of a fragmented landscape (area, shape, spatial arrangement of fragments (Fahrig and Merriam 

1985, Robinson et al. 1992, Leach and Givnish 1996, Zschokke et al. 2000). Thus, there is a gap 

in our understanding of how factors at different spatial scales can influence avian species 

composition and assemblage structure. Addressing this knowledge gap will have major 

implications for conservation planning and habitat restoration in fragmented landscapes. 

 In fragmented landscapes, patches should be viewed in the context of the surrounding 

habitat matrix because the matrix can determine the degree of patch isolation (Andren 1994), the 

availability of supplementary resources (Dunning et al. 1992, Burke and Nol 1998) and 

secondary habitat (Johnson 2007). Conservation planners need to understand how the 

composition and structure of the surrounding landscape influence bird occupation of small and 

isolated patches. Insights into how birds perceive grassland habitats at the landscape scale would 

enhance our ability to direct grassland conservation over broad geographic regions and 

complement what has been learned at local scales (Flather and Sauer 1996, Naugle et al. 1999). 

Prior studies of grassland birds have had mixed results with some detecting landscape effects 

(Söderström and Pärt 2000, Ribic and Sample 2001, Bakker et al. 2002, Hamer et al. 2006, 

Renfrew and Ribic 2008), others finding little to no effect of the landscape (Bajema and Lima 

2001, Horn et al. 2002, Koper and Schmiegelow 2006, Jacobs et al. 2012), and others finding the 

combination of local and landscape variables having the greatest explanatory power (Fletcher Jr 

and Koford 2002, Cunningham and Johnson 2006, Quamen and Naugle 2007). Some of the 

ambiguity can be explained through the different approaches taken for data collection and 

analysis of various landscape variables (Shahan et al. 2017).  

 Landscape-scale elements such as area and shape of a fragment are known to influence 

the occupancy, density, and reproductive success of grassland birds. Multiple grassland birds are 
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area- or edge-sensitive (Delisle and Savidge 1997, Winter et al. 2000, Jensen and Finck 2004, 

Ribic et al. 2009). Although, patch area influences species richness and is important for the 

conservation of grassland obligate species, it is equally important to note that patches of equal 

area may also vary significantly in the amount of their area exposed to edges. It has been well-

documented that an increase in habitat edge leads to higher predation and parasitism rates on 

grassland breeding birds (Johnson and Temple 1986, Burger et al. 1994, O'Leary and Nyberg 

2000).  

 The effects of local-scale elements such as vegetation structure, proximity to trees, and 

whether a fragment is a remnant prairie or an agricultural land (hayfield/pasture) is mostly 

studied in terms of specie-specific response. Many grassland birds respond to specific vegetation 

composition and structural features (Whitmore 1981, Herkert 1994, Davis 2004, Winter et al. 

2005, Jacobs et al. 2012). Previous studies have mostly looked at the effect of local- and 

landscape-scale variables on either single grassland species or a small subset of species within 

grassland bird assemblage leaving a gap in our understanding the effects of local- and landscape-

scale elements on the occupancy patterns of different habitat guilds in fragmented prairie 

landscape. 

 In this study we used Bayesian hierarchical Multi-species Occupancy Model (MSOM) to 

elucidate the local-and landscape-scale factors driving composition of avian assemblage and to 

provide unbiased estimates of the probability of occupancy for each species and guild inhabiting 

fragmented Tallgrass prairie landscapes. We conducted repeated point count surveys at 66 sites 

across a fragmented tallgrass prairie landscape which allowed us to examine effects of local and 

landscape-scale variables. Our objectives were to 1) evaluate the effect of landscape 

fragmentation on composition of grassland bird assemblage 2) determine importance of 
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landscape elements in explaining occupancy probability and species richness across the guilds, 

and 3) determine importance of local-scale covariates in explaining occupancy probability and 

species richness across the guilds. To address our first objective, we hypothesized that the 

composition of avian assemblage would change with fragmentation and higher fragmentation 

would result in lower occupancy of habitat specialists and higher occupancy of generalist 

species. To address our second objective, we quantified the landscape elements (percent 

grassland, forest, and developed cover around each of our sites, area, and perimeter-to-area ratio 

of each fragment). We hypothesized that occupancy and species richness would vary between the 

guilds depending upon their habitat requirements. To address our third objective, we quantified 

local-level covariates (vegetation structure, habitat type, and proximity to trees) that could affect 

guild-specific occupancy and species richness. We hypothesized that the effect of local-level 

factors would vary among guilds because each guild has its own suite of resources needed for 

foraging and reproduction. Identifying connections between local- and landscape-level factors 

and avian guilds would permit the development of management techniques that are suitable for 

more than a single target species making it easier to maximize conservation resources. 

 

2. Methods 

2.1 Study area 

 The study was conducted in Tallgrass prairies and pastures in northwestern and central 

Arkansas and southwestern Missouri, USA. We established a total of 66 point-count stations 

(hereafter referred as sites) with 43 sites within 23 remnant native prairie fragments and 23 sites 

within 20 agricultural properties which were historically prairies (mean site size 45.98 ha and 

range of 5 - 131 ha). All except one remnant prairie site were managed with prescribed fire on an 
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annual or 3-year burn cycle by different management agencies. One remnant prairie site (Prairie 

State Park, Missouri) was grazed by bison. The agricultural lands were both privately owned and 

public lands (managed by National Park Services and Arkansas State Parks) primarily used for 

hay cultivation, with harvest occurring annually between Jun-Aug. We did not sample 

agricultural lands that were used for cattle grazing. Using ArcGIS (ESRI, 2020), we overlaid a 

200 x 200 m grid at each prairie and agricultural land fragment and established a site at the 

center of randomly selected grid within each fragment. Each site was at least 100 m from the 

edge, to avoid edge effects that might influence avian assemblage (Fletcher Jr 2005), and the 

sites were at least 200 m apart from each other to avoid double counting. We established sites 

commensurate to the size of fragments, smaller fragments (< 30 acres) had 1-2 sites and larger 

fragments (>30 acres) had 1- 4 sites. 

 

2.2 Data collection 

 We conducted bird counts three times during the breeding season (May-July) of 2019 at 

each site (N = 66). A single observer conducted 10-minute variable radius point counts surveys 

to sample the breeding bird community (Ralph et al. 1995). Counts occurred when birds were 

most active and vocal from dawn to 4 hours after sunrise and on days with weather conducive to 

hearing and seeing birds (wind less than 20 km/hr, no precipitation; Bibby et al. 1992). During 

surveys, the observer recorded all birds heard or seen, how individuals were detected (by song or 

visual) and distance of the bird from the center point divided in three categories: 0 – 25 m, 25 –

100 m and > 100 m. During each survey, we measured environmental variables (air temperature, 

humidity, and windspeed) and recorded minutes from sunrise and time and date of survey. We 

used (Vickery et al. 1999) and Birds of the World species account (https://birdsoftheworld.org) 
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to categorize species into five habitat preference guilds: grassland obligate, grassland facultative, 

shrub and edge, woodland, and urban (Table 1).  

 For each site, we recorded habitat type (remnant prairie/hayfield), percent land cover 

within 1000 m buffer of each site, area and perimeter/area ratio of the fragment for each site, 

vegetation structure, and proximity to nearest trees (riparian buffer, wind-break tree line or forest 

edge) at each site. We measured land use type within 1000 m buffer surrounding each site 

location using land cover data for 2016 downloaded from National Land Cover Database 

(NLCD) (www.mrlc.gov). Because it is difficult to differentiate between agricultural lands and 

prairies in satellite imagery, we did not differentiate between them. We combined data for 

several land cover type into three categories: grassland, forest, and developed (Table 2).  

 In order to measure area and perimeter-to-area ratio of a fragment, we drew a polygon 

around each fragment on ArcGIS 10.8.1 (ESRI 2020). We also ground-truthed the boundaries of 

each fragment in the field. We defined a remnant prairie fragment as an area of contiguous native 

prairie and considered cropland, grazed pasture, hayfields, wooded riparian areas, and roads as 

delineating native-prairie fragment. We defined agricultural land fragments as areas of 

contiguous hayfield and considered cropland, grazed pasture, native prairie, wooded riparian 

areas, and roads as delineating the fragment.  

 We measured vegetation structure at each site once in breeding season (15 - 30 July). 

Other studies have demonstrated that vegetation structure does not change significantly between 

beginning (May) and end of breeding season mid-Jul (Winter and Faaborg 1999). We quantified 

vegetation structure at each site using visual obstruction, maximum height of vegetation, canopy 

coverage, ground cover, and litter depth (as recommended by (Fisher and Davis 2010). We 

assessed the visual obstruction of the vegetation by looking at visual obstruction from a viewing 
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pole 4 m away from the Robel pole at a height of 1m (Robel et al. 1970). We measured the 

maximum height of vegetation within 2 cm of the Robel pole. We visually estimated vegetation 

canopy and ground coverage within a sampling frame (1 x 1 m) around the site. We determined 

canopy cover percentages on a nonoverlapping basis for each of the following groups: forbs, 

grasses, and woody vegetation. We classified ground cover by percent ground bare or covered 

with litter. Litter was defined as dead plant material lying flat on the soil surface, usually in some 

stage of decomposition. Litter depth was measured at the center of 1 x 1 m frame. For each site, 

we measured vegetation variables at four plots around the site: one at the center of the site, and 

three plots located 30 m from the center in 0, 120, 240 degrees from the center (Best et al. 1997, 

Fletcher Jr and Koford 2002). We averaged these 4 plots to represent vegetation of each site 

(Best et al. 1997, Fletcher Jr and Koford 2002). We measured proximity to trees by measuring 

distance closest tree-line, riparian buffer or forest edge using ArcGIS. 

 

2.3 Modelling and Analysis 

 We used Principal component analysis (PCA) in the vegan package (Oksanen et al. 2019) 

in R to reduce the number of variables by combining correlated variables into new principal 

components for vegetation and sampling variables. We performed a PCA on vegetation 

covariates and sampling covariates and used principal component scores from the first two axes 

as vegetation and sampling covariates in our occupancy analyses (Table 3). To isolate the effects 

of landscape-scale covariates (percent land cover type in 1000 m buffer, area, perimeter/area 

ratio), and local-level covariates (habitat type [prairies/hayfield] and proximity to trees), we did 

not include them in the PCA; Exploratory analysis showed that they were not strongly correlated 

with other site and sampling covariates. 
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 We used a hierarchical Bayesian community occupancy model (Dorazio and Royle 2005) 

to estimate species-specific and guild-specific occupancy and detection probability as a function 

of site-specific covariates (habitat type, % land use cover within 1000 m buffer, patch area, 

perimeter/area ratio,  proximity to trees, vegetation PC1, and vegetation PC2) and sampling 

covariates (sampling PC1 and PC2). This hierarchical approach incorporates species-specific and 

guild-level covariates effects into the same modelling framework, thus allowing estimation of 

species-specific and guild-specific occurrence and detection probabilities and site-specific 

species richness while accounting for imperfect detection (Dorazio and Royle 2005, Zipkin et al. 

2009) By considering all occupancy and detection parameters as random effects rather than 

deterministic relations among parameters and processes hierarchical multi-species models 

improves estimation of individual parameters for each species by considering each within the 

context of a group of related variables (Sauer and Link 2002). Hierarchical MSOM increases the 

precision of estimates for rare or elusive species by also considering each within the context of 

the broader community (Sauer and Link 2002, Russell et al. 2009). 

 We generated species-specific observance matrices for three sampling occasions at each 

site, where detection was represented as 1 and non-detection as 0. Thus, the data provided a 

three-dimensional matrix xi,j,k for species i at site j for the kth sampling occasion. The first level 

of the model assumed a true presence-absence matrix zij for species i= 1, 2, …, N at site j = 1, 2, 

…, J, where zij = 1 if species i was present at site j, otherwise zij = 0. We assumed that the 

occupancy status of each site was constant across all surveys in our study. The occupancy state is 

considered a Bernoulli random variable, zij ~ Bern(Ψi,j), where Ψi,j is the probability that species i 

occupies site j. Similarly, we specified a second level of the model (observation model) where 

species detection was modeled as a Bernoulli random variable: xi,j,k ~ Bern(pi,j,k * zi,j), where 
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pi,j,k is the probability that species i is detected at site j during survey k. Note that if species i was 

not present at site j (i.e. zij = 0) then no detections of species i were possible as (pi,j,k * zi,j) = 0. 

 We assumed species-specific occupancy probability (Ψi,j) followed a linear-logit function 

of the model covariates: 

logit�ψ�,
� =  α�� +∗ I�Hayfield = 1� +  α�� ∗ % Grassland +  α"� ∗ % Forest +  α$�

∗ % Developed + α(� ∗ Area +  α*� ∗ Perimeter
Area + α-� ∗ Proximity to Trees

+  α0� ∗ VegPC1 +  α3� ∗ VegPC2 

where I(.) is an indicator function taking the value of 1 if the argument is true and 0 otherwise. 

Species-specific detection probabilities also followed a linear-logit function of the model 

covariates: 

logit�p�,
,5� =  β�� +  β�� ∗ SamplingPC1
,5 +  β"� ∗ SamplingPC2
,5 

 Parameters α2 is interpreted as contrasts of the categorical predictor for habitat type 

(remnant prairie or hayfield) with remnant prairie as the reference category. The percent 

grassland, forest, or developed was defined as the percent of pixels with respective land use 

category within a 1000 m buffer around sites. The area and perimeter/area ratio are defined as 

the area and perimeter/area ratio of the contiguous prairie/ hayfield fragment. The proximity to 

trees was defined as distance to nearest tree-line, riparian buffer or woodland edge. We defined 

VegPC1 and VegPC2 covariates as the respective z score (i.e., centered and scaled to a mean of 

0 and SD of 1) of principal component scores from each of the first two site PC axes (Table 3a). 

Finally, when modeling detection probability, we defined the sampling PC1 and sampling PC2 

covariates as the respective z score of principal component scores from each of the first two 

sample-specific- PC axes (Table 3b). All the continuous variables were standardized prior to the 

analysis by converting to z-scores (i.e., the mean was subtracted from each value and then 
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divided by the SD). Standardized covariates allowed direct comparison of model coefficients so 

that the relative importance of each covariate could be determined according to the magnitude of 

the coefficient. 

 We estimated species richness (N) for 66 sites by summing estimated occupancy for each 

of the 62 observed species. Species richness for site j was defined as 

N9: =  ; z=�,

-"

�>�
 

where ?̂A,B  is the estimated occupancy of species i at site j. Similarly, we estimated guild-specific 

species richness for each site by summing the estimated occupancy for each species within that 

guild. 

 In community occupancy models, the parameter estimates for data-poor species are more 

precise as the estimation process “borrows” from data-rich species, however, the inference might 

depend on the implicit assumption of the relatedness among species (Pacific et al. 2014). To 

increase the degree of relatedness among our species, we divided our 62 species of interest into 

five groups based on their habitat preference: (1) grassland obligate, (2) grassland user, (3) shrub 

and edge, (4) woodland, and (5) urban. We drew species-specific effects from group normal 

distributions e.g., CD,A = E�FD,G, HD,G" � for parameter αd of species i in group h or ID,A =

E�FD,G, HD,G" � for parameter βd of species i in group h, where the mean and variance of the normal 

distribution are group level hyper-parameters. We used a N(0,2) (mean, variance) prior for all 

group mean parameters and U(0.1,3) for all group standard deviation parameters.  

 We fitted the model using JAGS (Plummer 2003) called from R (Team 2019) and 

executed using the jags function from package R2jags (Su et al. 2015). We implemented this 

model in a Bayesian framework using Markov Chain Monte Carlo (MCMC) sampling in JAGS 
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to generate samples from the posterior distribution (Lunn et al. 2000). We used three Markov 

chains, each of length 200,000; the first 100,000 were removed as burn-in, and the remainder 

were thinned by a factor of 50. Across the three chains, this provided 6,000 samples to 

approximate posterior summary statistics for each model parameter including mean, standard 

deviation, and 2.5% and 97.5% percentiles of the distribution, which represent 95% Bayesian 

credible intervals. We assessed model convergence via the Gelman-Rubin diagnostic and a 

visual inspection of chains, with both measures indicating a reasonable assumption of 

convergence. For all monitored parameters in our study, the Gelman-Rubin statistic value was 

below 1.05 (Gelman and Rubin 1992).  

 In post hoc analyses, we used Pearson’s correlation coefficients to evaluate the 

relationship between the estimated species richness for each posterior sample (at both spatial 

scales) with the patch area, perimeter-to-area ratio, percent grassland, forest, and developed civer 

within 1000 m radius. The correlation coefficients for each covariate are organized by the 

median and 95% credible intervals across all posterior samples. We conducted these analyses to 

assess the cumulative effects of local and landscape-scale covariates on species richness patterns, 

a derived parameter, at each site. We categorized relationships as strong (|0.7| < r <|1.0|), 

moderate (|0.5| < r < |0.7|), weak (|0.3| < r < |0.5|), or negligible (|0.1| < r < |0.3|; (Hinkle et al. 

2003). 

 

3. Results 

 We detected 62 avian species (grassland obligates [n=4], grassland facultative [n=14], 

shrub or edge species [n=15], woodland species [n=23], and urban species [n=6]) across three 

surveys at 66 grassland sites (Table 1). The most frequently detected species was the Eastern 
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Meadowlark (Sturnella magna; naïve occupancy rate = 0.95), followed by the Dickcissel (Spiza 

americana, 0.91), and Northern Cardinal (Cardinalis cardinalis, 0.85).  

 

3.1 PCA results  

 The first two vegetation-covariate principal components (PC) cumulatively explained 

78.85% of total variation (Table 3a). Vegetation PC1 explained 44.89% of total variance and was 

an index of litter depth and ground cover (litter/bare) as indicated by strong positive factor 

loadings for litter depth and percent litter ground cover and a negative factor loading for percent 

bare ground. Vegetation PC2 explained 33.96% of total variance and was an index of vegetation 

height and composition as indicated by strong positive factor loadings for vegetation height and 

percent forbs and a strong negative factor loading for percent grass. 

 The first two sampling covariate principal components cumulatively explained 59.79% of 

total variance (Table 3b). Sampling PC1 explained 37.55% of total variance and was an index 

time of day as indicated by strong factor positive loadings for minutes from sunrise and 

temperature and a strong negative factor loading for humidity. Sampling PC2 explained 22.23% 

of total variance and was most strongly influenced by Julian date. 

 

3.2 Avian Assemblage Responses 

 The mean probability of occupancy across all species was 0.38 (0.01 – 0.99), whereas 

mean probability of detection was 0.35 (range: 0.07 – 0.95). The effects of sampling PC1 (Fig. 8) 

and sampling PC2 (Fig. 9) on species-specific or guild-specific detection probability were not 

strong. There was a slightly negative effect of sampling PC2 indicating that detection probability 

decreased from May to July across all guilds (Fig. 9).  
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The mean estimated species richness across all sites was 25.4 (range: 14.5 - 37.7). The 

estimated mean guild-level species richness for grassland obligates was 2.3 (0.0 – 4.0), grassland 

facultative was 7.3 (3.0 - 11.4), shrub and edge species was 6.8 (3.3 – 9.9), woodland species 

was 7.7 (2.9 – 17.8), and for urban species was 1.3 (0.1 – 4.4).  

 The species richness of avian assemblage increased as percent forest (r = 0.47, Bayesian 

Credible Interval [BCI]: 0.3 to 0.63; Fig. 3b) and developed (r = 0.26; 0.1 to 0.43 BCI; Fig. 3c) 

cover increased and decreased as percent grassland cover in surrounding landscape decreased (r 

= -0.51, -0.66 to -0.35 BCI; Fig. 3a). Similarly, species richness of assemblage was high for 

fragments with small area (r = 0.4, -0.54 to -0.25 BCI; Fig. 4a).  

 

3.3 Landscape-scale Covariates 

 The effect of the landscape matrix on mean estimated occupancy probability and species 

richness varied between the guilds. There was a positive effect of percent grassland area within 

1000 m radius of a site on the occupancy probability of grassland obligate (mean = 0.92, 0.89 – 

2.78 BCI) but a negative effect on occupancy probability of shrub and edge species (-0.73, -2.26 

– 0.80 BCI), and woodland species (-0.81, -2.41 – 0.76 BCI; Fig. 1a). There was a moderate 

positive correlation between percent grassland and species richness of grassland obligates (r = 

0.55, 95%, 0.5 to 0.61 BCI; Fig. 3d), a moderate negative correlation with woodland species 

richness (r = -0.65, -0.76 to -0.51 BCI; Fig. 3m), and a weak negative correlation with urban 

species richness (r = -0.41, -0.63 to -0.17 BCI; Fig. 3p). 

 There was a negative effect of percent of forest cover around a site on occupancy 

probability of grassland obligate (-0.38, -1.88 – 1.13 BCI) and grassland facultative species (-

0.27, -1.44 – 0.92 BCI) but a positive effect on woodland species (0.38, -0.85 – 1.64 BCI; Fig. 
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1b). There was a weak negative correlation between percent forest and species richness of 

grassland obligates (r = -0.32, -0.38 to -0.26 BCI; Fig. 3e) and a moderate positive correlation 

with species richness of woodland bird species (r = 0.68, -0.54 to -0.79 BCI; Fig. 3n). 

 There was a negative effect of percent developed land around a site on occupancy 

probability of grassland obligate species (-0.38, -1.62 – 0.89 BCI), shrub and edge species (-1.00, 

-2.05 – 0.03 BCI), woodland species (-0.44, -1.43 – 0.54 BCI), while there positive effect of 

percent developed area on grassland facultative species (0.43, -0.63 – 1.52 BCI) and urban 

species (1.25, -0.28 – 3.06 BCI; Fig. 1c). There was a moderate negative correlation between 

percent developed area and species richness of grassland obligates (r = -0.52, -0.57 to -0.48 BCI; 

Fig. 3f) and a moderate positive correlation with species richness of urban birds (r = 0.65, 0.41 to 

0.81 BCI; Fig. 3r). 

 The effect of patch area of each site on the mean estimated occupancy probability varied 

between guilds. There was a positive effect of patch area on occupancy probability of grassland-

obligate species (1.19, 0.08 – 2.38 BCI), and negative effects on occupancy probability of shrub 

and edge species (-0.63, -1.2 – 0.05 BCI) and urban species (-1.33, -2.77 – 0.08 BCI; Fig 2a). 

Patch area had a moderate positive correlation with species richness of grassland obligates (r = 

0.59, 0.55 to 0.74 BCI; Fig. 4c) and a weak negative correlation with species richness of 

woodland species (r = -0.37, -0.50 to -0.22 BCI; Fig. 4i) and urban species (r = -0.43, -0.59 to -

0.26 BCI; Fig. 4k). 

 The effect of perimeter-to-area ratio on mean estimated occupancy probability varied 

between guilds. Higher values of perimeter to area ratio represent smaller core area and 

increased edge habitat. There was a positive effect of perimeter to area ratio on occupancy 

probability of woodland species (0.50, -0.12 – 1.41 BCI) and negative effect on occupancy 
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probability of grassland obligates, grassland facultative, shrub and edge species, and urban 

species (Fig. 2b). Perimeter-to-area ratio had a weak negative correlation with species richness of 

grassland obligates (r = -0.36, -0.44 to -0.24 BCI; Fig. 4d) and a weak positive correlation with 

richness of woodland species (r = 0.40, 0.22 to 0.57 BCI; Fig. 4j). 

 

3.4 Local-scale Covariates 

  Species richness of the whole avian assemblage did not significantly differ among the 

two habitat types (remnant prairie/ hayfield) (t (35) = -1.5, p = 0.14), but the occupancy 

probability and species richness of some guilds differed between the two habitat types (Fig. 6). 

The species richness of grassland obligates was significantly higher for remnant prairies than 

hayfields (t (46) = 2.0, p = 0.05; Fig. 7) and species richness of woodland species was 

significantly higher for hayfields than remnant prairies (t (31) = -2.8, p = 0.009; Fig. 7). The 

estimated occupancy probability of grassland obligate and grassland facultative species was 

slightly higher in remnant prairies than hayfields. The estimated occupancy probability of 

woodland and urban species was slightly lower in remnant prairies than hayfields (Fig. 6).  

 There was a negative effect of vegetation PC1 on grassland obligate (-0.38, -0.95 to 0.17 

BCI; Fig. 5) and grassland facultative (-0.21, -0.44 to 0.00 BCI; Fig. 5) indicating a negative 

association with litter depth, higher litter on ground cover and lower bare ground cover. There 

was a slight negative effect of vegetation PC2 on grassland obligates (-0.35, -0.99 to 0.32 BCI; 

Fig. 5) indicating a weak positive association with higher grass cover, shorter vegetation, and 

lower forb cover. The effect of proximity to trees on mean estimated occupancy probability also 

varied between guilds. As distance to nearest trees increased, occupancy probability of grassland 
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obligates increased (0.17, -0.7 to 1.33 BCI; Fig. 2c) and occupancy probability of woodland 

species decreased (-0.44, -0.93 to -0.02; Fig. 2c). 

 

4. Discussion 

 Our application of multi-species occupancy models (MSOM) found support for the 

effects of landscape- and local-scale factors on guild-specific and species-specific occupancy and 

species richness of grassland bird assemblages and guilds. Overall, the landscape-scale factors 

(landcover, patch area, and perimeter-to-area ratio) were much stronger drivers of occupancy 

patterns of the avian community than the local-scale factors (habitat type, proximity to trees, and 

vegetation structure) in the fragmented Tallgrass prairies of Arkansas and Missouri. Our data 

also demonstrate the effect of landscape composition on species richness of different function 

groups (habitat guilds) and the avian assemblage.  

 

4.1 Avian Assemblage Response 

 The landscape composition, area, and perimeter-to-edge ratio of sites had a strong effect 

on the composition of avian assemblage and species richness of the different habitat guilds. The 

species richness of the assemblage was higher for sites with higher forest- and developed- cover 

when compared to sites with high grassland cover in a 1000 m radius the around site. Similar 

patterns of high species richness of assemblage were observed for fragments with smaller area 

and high perimeter-to-area ratio. The higher species richness of assemblage in more 

heterogenous landscapes, smaller patches, and patches with increased edge effect was driven by 

higher occupancy of woodland and urban species (many of which are generalists) and lower 

occupancy of grassland obligate species (also habitat specialists). Similar influence of landscape 
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variables was reported in Pampas grasslands in Argentina where the richness and abundance of 

grassland obligate species was lower in smaller patches and patches surrounded by forest cover 

(Pretelli et al. 2018). In the prairie fragments in North Dakota, South Dakota, and Minnesota, 

USA, there was stronger influence of local variables than landscape variables on the grassland 

obligate and facultative species (Shahan et al. 2017). On the contrary, we found strong effects of 

landscape-scale variables on the occupancy and species richness of grassland obligates. This 

difference might be attributed to the difference in the radii at which landscape variables were 

collected, our study looked at landscape within 1-km radii and (Shahan et al. 2017) looked at 

landscape within 3-4 km around the patch.  

 Whether the habitat was a remnant prairie or a hayfield had little influence on overall 

species richness of the assemblage, however, the composition of the assemblage was quite 

different between the two habitat types. This underscores that species richness is not always the 

best index to reflect community-level dynamics (Lindenmayer et al. 2015). Even though species 

richness is comparable for remnant prairies and hayfields, the species composition was different. 

For our study, the avian assemblage in remnant prairies had more grassland obligate (also habitat 

specialists) and fewer woodland and urban species (also generalists) than that of agricultural 

lands (hayfields).  

 

4.2 Landscape-scale Effects 

 The landscape matrix around a site had a strong influence on the occupancy and species 

richness of each guild. Grassland obligates had strong positive associations with percent 

grassland area around a site. This relationship has been shown by previous research with varying 

buffer radii (Ribic and Sample 2001, Hamer et al. 2006, Ribic et al. 2009, Lituma and Buehler 
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2020). Our classification of land cover as grassland did not distinguish between native prairie 

vegetation and fields used for agricultural purposes (hayfields, pastures or cropland). Although 

land used for agriculture might not provide high quality habitat and structural heterogeneity to 

grassland obligate and facultative species, they provide secondary habitats (Lituma and Buehler 

2020). Conversely, we found that increased grassland cover had negative effects on occupancy 

of shrub and woodland species.  

 Occupancy of grassland obligates was negatively affected by increasing forest cover as 

shown in previous research (Cunningham and Johnson 2006, West et al. 2016). Increasing forest 

cover in the landscape increases the edge habitat and decreases the interior habitat available for 

grassland obligate species. Many of these grassland obligate species are area- or edge-sensitive 

species (Delisle and Savidge 1997, Winter et al. 2000, Jensen and Finck 2004). Increased forest 

cover in the landscape negatively affects their occupancy (West et al. 2016, Lituma and Buehler 

2020), density (Murray et al. 2008), and reproductive success (Herkert 2002, Ribic et al. 2009). 

Afforestation and woody encroachment have been cited as one of the major threats to grassland 

birds in the US (Brennan and Kuvlesky Jr 2005, Askins et al. 2007). Increasing forest cover in 

the surrounding matrix led to increased occupancy of woodland species which can be explained 

by availability of resources and suitable habitat for woodland species which would otherwise be 

absent in expansive grassland.  

 Amount of developed area around a site had strong positive effects on occupancy of 

species in the urban and grassland facultative guild and negative effect on grassland obligate, 

shrub, and woodland guilds. Previous research has shown that urbanization promotes widespread 

generalist species and negatively impacts habitat specialists (Devictor et al. 2007) and 

urbanization negatively affects occupancy and density of grassland birds in Tallgrass prairie 
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fragments (McLaughlin et al. 2014). Increased man-made structure such as building, roads, 

utility poles or barns in the landscape provides habitat and resources for urban species such as 

House Finch (Haemorhous mexicanus) and Purple Martin (Progne subis) and non-native species 

such as European Starling (Sturnus vulgaris), Rock Pigeon (Columba livia) and Eurasian-

collared Dove (Streptopelia decaocto). We also observed higher occupancy of species in the 

grassland facultative guild with increasing developed area in the landscape. There might be two 

possible explanation for this pattern. First, many grassland facultative species such as American 

Kestrels (Falco sparverius) and Eastern Kingbird (Tyrannus tyrannus) utilize anthropogenic 

structures like power lines and utility poles as perches and Barn Swallows (Hirundo rustica) and 

Cliff Swallows (Petrochelidon pyrrhonota) use barns and bridges, respectively, as nesting and 

roosting sites. Second, this pattern could also be a result of the way we classified land use in the 

surrounding landscape. We merged cells classified as open space and low intensity development 

class with medium and high intensity development. This resulted in merging land used for 

farmhouses or low-maintenance roads with highly urbanized land use. Low intensity developed 

areas such as rural areas would still provide suitable habitat to many grassland facultative 

species. 

 There were strong relationships between patch area and mean occupancy of several 

guilds. As the area of the fragment increased, the mean occupancy of grassland obligate species 

increased. The result highlights the importance of large prairie patches and negative effects of 

fragmentation on imperiled grassland obligate species. Previous studies have shown that patch 

area is an important factor for all the four grassland obligates included in our study (Johnson and 

Temple 1986, Herkert 1991, Helzer and Jelinski 1999, Winter and Faaborg 1999). In addition, 

we found that smaller fragments had higher occupancy of shrub and woodland species than 
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larger fragments which can be explained by increased edge exposure in small fragments than 

large fragments.  

 Our results demonstrated a strong effect of edge habitat on composition of the bird 

assemblage as well as on guild-specific occupancy probabilities. We examined edge effect 

through perimeter-to-area ratio, fragments with elongated shapes or indented perimeters have 

higher perimeter-to-area ratios than fragments of the same area with compact shapes and 

unbroken perimeters. In addition, small patches generally have higher perimeter-to-area ratios 

than large patch. Our results show that as perimeter-to-area ratio increased i.e. more edge 

exposed, occupancy of woodland species increased and occupancy of grassland obligates, 

grassland facultative and shrub species decreased. Previous studies in grasslands have shown that 

edge can have negative effect on occupancy and reproductive success of grassland obligate 

species due to edge-sensitivity, brood parasitism and nest predation (Helzer and Jelinski 1999, 

Herkert et al. 2003). 

 

4.3 Local-scale Effects 

 We found that the guild-specific occupancy and species richness was significantly 

different between remnant prairies and hayfields. The occupancy of grassland obligate and 

facultative species was slightly higher in remnant prairies than hayfields. Studies in other parts of 

North American grasslands have shown that density of some grassland obligate species such as 

Dickcissel and Eastern Meadowlark is high in patches used for agricultural purposes (Ribic et al. 

2009). Cost-sharing conservation approaches like Conservation Reserve Program (CRP) have 

been shown to benefit breeding birds and other wildlife populations (Johnson and Igl 1995). 

Using Breeding Bird Survey data to compare grassland bird population trends before and after 
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the onset of Farm Bill cost-share programs, (Herkert 2009) identified a positive change in 

abundance of many grassland bird species including: Grasshopper Sparrow (0.64%/year), 

Dickcissel (2.18%/year), and Field Sparrow (Spizella pussilla; 0.5%/year), though negative 

changes were documented for Eastern Kingbird (−2.14%/year) and Northern Bobwhite (Colinus 

virginiana; −0.09%/year) among others. Although CRP has benefitted grassland birds in 

agricultural landscapes by providing secondary habitats, (Rahmig et al. 2009) cautioned that 

these areas might have lower habitat value in the context of native prairies. Other working lands 

such as alfalfa hay fields are used by grassland birds, sometimes at great densities, but are 

considered ecological traps because reproductive success is extremely low due to intensive 

agricultural disturbance such as haying during the breeding season (Frawley and Best 1991, 

Perlut et al. 2006). Our application of MSOM can identify assemblage-level occupancy patterns, 

but it is unable to differentiate ecological traps (sinks) from high quality habitat that supports 

viable populations. To evaluate the effectiveness land-sharing conservation approaches such as 

CRP on community, population, and demographic dynamics of a species, abundance and 

reproductive success data should be assessed in addition to occupancy data. 

 Proximity to trees (distance to nearest trees in riparian buffer, windbreak tree lines or 

edge of a woodland) had a negative effect on occupancy on grassland obligates and positive 

effect on occupancy of grassland facultative, shrub and woodland guild. Grassland obligates are 

adapted to open, treeless landscapes and trees or woody vegetation reduces the amount of core 

area available to them for breeding and also increases edge effects (Helzer and Jelinski 1999, 

Herkert et al. 2003, Dias et al. 2013). Our results concur with those reported by previous studies 

that proximity to trees negatively affect grassland birds (Coppedge et al. 2001, Ribic and Sample 

2001). 
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 We found the effect of vegetation structure to be weak relative to the effects of 

landscape-scale factors on occupancy of different avian guilds. Grassland obligates and grassland 

facultative species had slightly higher preference for sites with lower litter ground cover, higher 

bare ground, and lower litter depth (indicated by vegetation PC1). Occupancy of grassland 

obligate species was also higher in sites with higher percent grass cover, lower percent forb 

cover and intermediate vegetation height (as indicated by vegetation PC2). Our results agree with 

previous research on species-specific vegetation structure requirements for grasshopper 

sparrows, which prefer bare ground, higher percent grass cover and intermediate vegetation 

height (Whitmore 1981, Dechant et al. 2002). However, our results for the other three grassland 

obligate species only partially agreed with results from previous research. Henslow’s sparrow 

prefers taller live grasses, high litter depth, and standing dead vegetation (Zimmerman 1988, 

Herkert 1994, Winter and Faaborg 1999), dickcissel inhabit fragments of dense, tall vegetation 

and high forb cover (Temple 2002), and Eastern Meadowlark preferred higher grass cover and 

higher litter depth and litter on the ground (Granfors 1992). This could be due to differences in 

selection of location of vegetation sampling; previous research was focused on characterizing 

microhabitat requirements for nesting site locations, whereas we sampled vegetation for our 

point count locations. Nevertheless, previous studies have recommended management of 

tallgrass-prairie to generate a more heterogeneous mosaic of grassland types with heterogeneity 

in vegetation structure that may enhance the diversity of grassland species by mimicking grazing 

patterns prior to European settlement (Fuhlendorf and Engle 2001, Askins et al. 2007, Hovick et 

al. 2015). Such vegetation heterogeneity can be managed by burning discrete patches of prairie 

and then allowing free-ranging grazers (either bison or cattle) to selectively graze areas of burned 

and unburned prairie (Fuhlendorf and Engle 2001). 
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4.4 Conclusions and Conservation Implications 

 The primary finding of the study described herein is that landscape context matters. To 

reverse grassland bird population declines, conservation programs and managers should focus 

improving occupancy of target species across broad landscapes (Askins et al. 2007, Díaz and 

Concepción 2016). In the North American Great Plains more than 90% of pre-European prairie 

has already been converted to agriculture or urban land cover (Samson and Knopf 1994); 

promoting cost-sharing conservation practices on private lands should be a dominant strategy to 

conserve landscapes. Land managers should, however, maintain habitat quality to prevent private 

agricultural lands from becoming ecological traps for grassland birds by postponing haying until 

end of breeding season, promoting native vegetation, avoiding use of herbicides and pesticides 

and impeding encroachment of woody vegetation. 

 Patch area and edge have strong effects on grassland bird assemblages and occupancy of 

different guilds within a fragment. Conserving as much continuous grassland as possible should 

be a target especially for species that are known to be area- and edge-sensitive. Woody edges 

exert strong influence on grassland bird populations, reducing bird abundance, nest density and 

increasing rate of predation and parasitism (Johnson and Temple 1986, Johnson and Temple 

1990, Winter et al. 2000, Bollinger and Gavin 2004). Fire- and grazing regime alone will not be 

sufficient to restore grass dominance in these ecosystems, land managers would need drastic 

measures such as mechanical removal of woody encroachment (Briggs et al. 2005). 

 Promoting vegetation heterogeneity by generating mosaics of grassland types will benefit 

grassland bird diversity. Different species and guilds have different habitat and resource 

requirement depending on their life history. Vegetation heterogeneity can be maintained by 

burning discrete patches of prairie and allowing selective grazing in burnt and unburnt prairie. 
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Figures and Tables 

Table 1. Summary of species detected in remnant and degraded prairies of Arkansas and 
Missouri, USA. No. of sites column represents number of sites where the species was detected 
during point count surveys in 2019. 
 
Common Name Scientific Name Species Code No. Sites  
Grassland Obligate Species 
     Dickcissel Spiza americana DICK 60 
     Eastern Meadowlark Sturnella magna EAME 63 
     Grasshopper Sparrow* Ammodramus savannarum GRSP 3 
     Henslow’s Sparrow*† Ammodramus henslowii HESP 18 
Grassland Facultative Species 
     American Kestrel Falco sparverius AMKE 5 
     Barn Swallow Hirundo rustica BARS 37 
     Brown-headed Cowbird Molothrus ater BHCO 26 
     Cliff Swallow Petrochelidon pyrrhonota CLSW 24 
     Common Yellowthroat Geothlypis trichas COYE 42 
     Eastern Bluebird Sialia sialis EABL 25 
     Eastern Kingbird Tyrannus tyrannus EAKI 12 
     Killdeer Charadrius vociferous KILL 8 
     Mourning Dove Zenaida macroura MODO 40 
     Northern Bobwhite*† Colinus virginianus NOBO 41 
     Red-Winged Blackbird Agelaius phoeniceus RWBL 38 
     Scissor-tailed Flycatcher Tyrannus forficatus STFL 31 
     Tree Swallow Tachycineta bicolor TRES 5 
     Turkey Vulture Cathartes aura TUVU 22 
Shrub and Edge Species 
     Bell’s Vireo*† Vireo belli BEVI 18 
     Blue Grosbeak Passerina caerulea BLGR 11 
     Brown Thrasher Toxostoma rufum BRTH 17 
     Carolina Wren Thryothorus ludovicianus CARW 33 
     Common Grackle Quiscalus quiscula COGR 19 
     Eastern Towhee* Pipilo erythrophthalmus EATO 11 
     Field Sparrow Spizella pussilla FISP 27 
     Gray Catbird Dumetella carolinesis GRCA 1 
     Indigo Bunting Passerina cyanea INBU 53 
     Northern Cardinal Cardinalis cardinalis NOCA 56 
     Northern Mockingbird Mimus polyglottos NOMO 47 
     Painted Bunting* Passerina ciris PABU 19 
     Prairie Warbler Setophaga discolor PRAW 1 
     White-eyed Vireo Vireo griseus WEVI 7 
     Yellow-breasted Chat Icteria virens YBCH 25 
Woodland Species 
     American Crow Corvus brachyrhychos AMCR 52 
     American Goldfinch Spinus tristis AMGO 25 
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Table 1 (contd.). Summary of species detected in remnant and degraded prairies of 
Arkansas and Missouri, USA. No. of sites column represents number of sites where the 
species was detected during point count surveys in 2019. 
 
Common Name Scientific Name Species Code No. Sites  
     American Robin Turdus migratorius AMRO 30 
     Blue-grey Gnatcatcher Polioptila caerulea BGGN 7 
     Blue Jay Cyanocitta cristata BLJA 33 
     Carolina Chickadee Poecile carolinensis CACH 8 
     Cooper’s Hawk Accipiter cooperii COHA 1 
     Downy Woodpecker Picoides pubescens DOWO 7 
     Eastern Phoebe Sayornis phoebe EAPH 7 
     Eastern Wood-Pewee* Contopus virens EAWP 8 
     Fish crow Corvus ossifragus FICR 6 
     Great Crested Flycatcher Myiarchus crinitus GCFL 2 
     Mississippi Kite Ictinia mississippiensis MIKI 1 
     Northern Parula Setophagus americana NOPA 2 
     Pileated Woodpecker Dyrocopus pileatus PIWO 3 
     Red-bellied Woodpecker Melanerpes carolinus RBWO 25 
     Red-eyed vireo Vireo olivaceus REVI 3 
     Red-shouldered Hawk Buteo lineatus RSHA 6 
     Red-tailed Hawk Buteo jamaicensis RTHA 3 
     Ruby-throated Hummingbird Archilochus colubris RTHU 3 
     Summer Tanager Piranga rubra SUTA 4 
     Tufted Titmouse Baeolophus bicolor TUTI 17 
     Yellow-billed Cuckoo*† Coccyzus americanus YBCU 14 
Urban Species 
     Chimney Swift* Chaetura pelagica CHSW 7 
     Eurasian Collared-Dove Streptopelia decaocto ECDO 9 
     European Starling Sturnus vulgaris EUST 13 
     House Finch Haemorhous mexicanus HOFI 2 
     Purple Martin Progne subis PUMA 7 
     Rock Pigeon Columba livia ROPI 4 

 

* Species of Conservation Concern in Arkansas 
† Species of Concern in Missouri 
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Table 2. Land cover classification scheme using National Land Cover Database (NLCD). 
 
Land cover NLCD classification Matrix element description 
Grassland Grassland/Herbaceous Areas dominated by grammanoid or herbaceous 

vegetation, generally greater than 80% of total 
vegetation. 

 Pasture/Hay Areas of grasses, legumes, or grass-legume mixtures 
planted for livestock grazing or the production of seed 
or hay crops, typically on a perennial cycle 

 Cultivated Crops Areas used for the production of annual crops, such as 
corn, soybeans, vegetables, tobacco, and cotton, and 
also perennial woody crops such as orchards and 
vineyards. Crop vegetation accounts for greater than 20 
percent of total vegetation. This class also includes all 
land being actively tilled. 

Forest Deciduous Forest Areas dominated by trees generally greater than 5 
meters tall, and greater than 20% of total vegetation 
cover 

 Evergreen Forest Areas dominated by trees generally greater than 5 
meters tall, and greater than 20% of total vegetation 
cover. More than 75 percent of the tree species maintain 
their leaves all year. Canopy is never without green 
foliage. 

 Mixed Forest Areas dominated by trees generally greater than 5 
meters tall, and greater than 20% of total vegetation 
cover. 

Developed Developed,  
Open Space 

Includes areas with a mixture of some constructed 
materials, but mostly vegetation in the form of lawn 
grasses. 

 Developed,  
Low Intensity 

Includes areas with a mixture of constructed materials 
and vegetation. Impervious surfaces account for 20-49 
percent of total cover. These areas most commonly 
include single-family housing units.  

 Developed,  
Medium Intensity 

Includes areas with a mixture of constructed materials 
and vegetation. Impervious surfaces account for 50-79 
percent of the total cover. These areas most commonly 
include single-family housing units 

 Developed,  
High Intensity 

Includes highly developed areas where people reside or 
work in high numbers. Examples include apartment 
complexes, row houses and commercial/industrial. 
Impervious surfaces account for 80 to 100 percent of 
the total cover.  
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Table 3. Factor loadings and percentage of variance explained by the first two principal 
components (PC) axes for a) vegetation-specific variable and b) sample-specific variables 
expected to influence occupancy and detection, respectively, of avian assemblage in Tallgrass 
prairies of Arkansas and Missouri, USA. Bold figures indicate variables with highest loading. 
 

Vegetation Covariates 
Principal Components 1 2 
Eigen values 3.14 2.38 
% of variation 44.89 33.96 
Cumulative % of variation 44.89 78.85 

  
Variables (Eigen Vectors) PC1 PC2 
Vegetation height -0.16 0.69 

Litter Depth 0.84 0.45 
% Litter 0.91 0.37 
% Bare -0.91 -0.37 
% Grass 0.60 -0.73 

% Forbs -0.61 0.69 

% Dead -0.13 0.64 
 

Sampling Covariates 
Principal Components 1 2 
Eigen values 1.98 1.11 
% of variation 37.55 22.23 
Cumulative % of variation 37.55 59.79 

   
Variables (Eigen Vectors) PC1 PC2 
Julian Date 0.20 0.92 

Minutes from sunrise 0.63 -0.13 
Temperature 0.74 0.31 
Windspeed 0.60 -0.38 
Humidity -0.73 0.13 
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Figure 1. Relationship between guild-specific occupancy probability and (a) percent grassland 
cover (b) percent forest cover, and (c) percent developed cover within a 1000 m radius of a site 
in the fragmented Tallgrass prairie landscape in Arkansas and Missouri, USA.  
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Figure 2. Relationship between guild-specific occupancy probability and (a) patch area (b) 
perimeter-to-area ratio, and (c) proximity to trees of a site in the fragmented Tallgrass prairie 
landscape in Arkansas and Missouri, USA.  
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Figure 3. Effect of percent land cover type: grassland, forest or developed cover, on mean 
species richness of (a,b,c) whole avian assemblage, (d,e,f) grassland obligate species, (g,h,i) 
grassland facultative species, (j,k,l) shrub or edge species, (m,n,o) woodland species, and (p,q,r) 
urban species species 
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Figure 4. Effect of patch area and perimeter-to-area ratio on species richness of (a,b) whole avian 
assemblage, (c,d) grassland obligate species, (e,f) grassland facultative species, (g,h) shrub or 
edge species, (i,j) woodland species, and (k,l) urban species species.    



 44 

 
 

Figure 5. Estimates of alpha parameters with 95% Bayesian credible interval on effects of 
percent grassland cover, forest cover, and developed cover within 1000 m radius, patch area, 
perimeter-to-area ratio (PAratio), proximity to trees (d2Tree), and vegetation PC1 and PC2 on 
guild-specific occupancy probability. 
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Figure 6. Effect of habitat type covariate on guild-specific occupancy probabilities of grassland 
birds in Tallgrass prairies of Arkansas and Missouri, USA.   
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Figure 7. Estimated mean species richness of the whole avian assemblage and guilds in the two 
habitat types: remnant prairies and hayfields. Significant differences between guild-specific 
species richness between the two habitat types is indicated by an asterisk (*).   
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Figure 8. Effect of sampling PC1 on guild-specific detection probability. Sampling PC1 indicates 
environmental condition i.e. time since sunrise, increasing temperature and decreasing humidity. 
Detection probability of (a) Grassland Obligate, (b) Grassland Facultative, (c) Shrub and Edge 
species, (d) Woodland, and (e) Urban species as a response to sampling PC1. 
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Figure 9. Effect of sampling PC2 on guild-specific detection probability. Sampling PC2 indicates 
Julian date. Detection probability of (a) Grassland Obligate, (b) Grassland Facultative, (c) Shrub 
and Edge species, (d) Woodland, and (e) Urban species as a response to sampling PC2. 
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Conclusion 

 

  Grasslands are one of the most imperiled ecosystems on the earth. Fragmented 

grasslands embedded within anthropogenically-modified landscape matrix have substantial 

effects on grassland bird populations mediated by factors operating at multiple spatial scales. In 

this thesis, I had examined the effect of local- and landscape-scale elements on composition of 

grassland avian assemblage and guild-level occupancy patterns in the fragmented Tallgrass 

prairies of Arkansas and Missouri, USA. We recommend habitat management strategies and 

landscape-level conservation plans based on our results. 

 Our application of multi-species occupancy models (MSOM) found support for the 

effects of landscape- and local-scale factors on guild-specific and species-specific occupancy and 

species richness of grassland bird assemblages and guilds. Overall, the landscape-scale factors 

(landcover, patch area, and perimeter-to-area ratio) were much stronger drivers of occupancy 

patterns of the avian community than the local-scale factors (habitat type, proximity to trees, and 

vegetation structure) in the fragmented Tallgrass prairies of Arkansas and Missouri. The avian 

assemblage richness was higher for heterogenous landscape, small patches, and patches with 

more edge habitat. The avian assemblage in these sites had a lower proportion of habitat 

specialists (grassland obligate) and higher proportion of habitat generalists. For grassland 

obligate species, high grassland cover, low forest cover, large patch area, less edge habitat, and 

low litter depth had strong positive effects on their occupancy and guild-level species richness at 

a site. For grassland facultative species, highly developed cover around a site, small patch size, 

high edge habitat, and low litter depth had strong positive effects on their occupancy and guild-

level species richness at a site.  For woodland species, low grassland cover and high forest cover 

around a site, small patch, and high edge habitat had strong positive effects on their occupancy 
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and guild-level species richness. Urban species had higher occupancy for sites with high 

developed type land cover within 1 km buffer and increased edge habitat. Collectively, our 

results indicate that 1) response to local- and landscape-scale factors varies between the guilds 2) 

habitat specialists are negatively affected by habitat fragmentation.  

 Conservation efforts should focus on conserving landscapes with large tracts of prairies 

and reduced edge habitat. Consequently, preventing further land development and woody 

encroachment in remaining large prairies is crucial to reversing the rapid declines that grassland 

birds are currently experiencing. We found that hayfields and other agricultural lands can 

provide secondary habitat to grassland birds. Hence, agricultural practices (such as haying) could 

be postponed until end of breeding season, promoting native vegetation, avoiding use of 

herbicides and pesticides and impeding encroachment of woody vegetation in these agricultural 

lands could help grassland bird populations. Different species and guilds have different habitat 

and resource requirement depending on their life history. Promoting vegetation heterogeneity 

within available habitat through burning discrete patches of prairie and allowing selective 

grazing in burnt and unburnt prairie will benefit grassland bird diversity. 
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