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Intercropping switchgrass (Panicum virgatum) between tree rows within young
pine (Pinus spp.) plantations is a novel method to generate lignocellulosic biofuel
feedstocks within intensively managed forests. Intensively managed pine supports diverse
avian assemblages potentially affected by establishment and maintenance of a biomass
feedstock. I sought to understand how establishing switchgrass on an operational scale
affects bird communities within intercropped plantations as compared to typical
intensively managed loblolly pine (Pinus taeda ) plantations. I conducted breeding bird
point counts, nest searching and monitoring, and coarse woody debris (CWD) surveys
following establishment of intercropped switchgrass stands (6 replicates), traditionallymanaged pine plantations, and switchgrass-only plots (0.1 km2 minimum) in Kemper Co.,
MS from 2011 to 2013.
I found establishment of intercropping did not affect downed CWD, but reduced
standing snags and green trees. I detected 59 breeding bird species from 11,195
detections and modeled nest survivorship for 17 species. Neotropical migrants and forestedge associated species were less abundant in intercropped plots than controls for two

years after establishment, and more abundant in year three. Short distance migrants and
residents were scarce in intercropped and control plots initially, and did not differ
between these treatments in any year. Species associated with pine-grass habitat structure
were less abundant initially in intercropped plots, but converged with pine controls in
subsequent years. Switchgrass monocultures provided minimal resources for birds. There
was no evidence supporting an effect of intercropping on songbird nest survivorship.
I found evidence for dominance of one species, yellow-breasted chat (Icteria
virens), over another, indigo bunting (Passerina cyanea) in competition for nest sites,
which illustrates how songbirds competing for nest sites can coexist in sympatry without
the dominant species driving subordinate competitors to local extirpation.
This dissertation, and related publications, are among the earliest research on
wildlife response to intercropping. Forest managers implementing intercropping within
pine plantations where vertebrate conservation is a management priority should be aware
of potential changes to snag-utilizing species from reductions in green trees and snags.
Songbird populations may lag behind traditional management for up to two years
following establishment of switchgrass. Intercropping neither positively nor negatively
affected songbird nest survival.
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CHAPTER I
INTRODUCTION

Economically viable energy sources that reduce carbon emissions and provide
ecosystem services are vital to sustainably meeting global energy needs. Excess
atmospheric carbon from human activity likely presents an existential threat in the form
of global climate change. In the last 300 years, large scale alteration of natural
ecosystems to croplands (1.5 billion ha total) and grazing lands (3.45 billion ha) has
released an estimated 124 to 180 billion metric tons (Pg) of carbon into the atmosphere
(Foley et al. 2005, Lal 2010). Humans have released 292 Pg of carbon from burning
fossil fuels between 1750 and 2002 with an expected 200 Pg more between 2003 and
2030 (Lal 2010).
Biofuels from cellulosic feedstocks help offset carbon emissions from fossil fuel
use (Farrell et al. 2006). Consumption of biofuels has increased dramatically as
petroleum costs have increased in the 2000s. In North America, ethanol consumption
increased 583% from 2000 to 2008 (Energy Information Administration 2009). Ethanol
consumption increased dramatically with the phasing out of Methyl tert-butyl-ether as a
gasoline additive for environmental and legal reasons (itself originally displacing
tetraethyl lead) beginning in 2000, as ethanol is a safer gasoline additive for promoting
complete gasoline combustion and reducing tailpipe emissions (Ellison and Nevius 2006,
Luchansky, and Monks 2009). This trend towards increased biofuel consumption will
1

undoubtedly continue given passage of the Energy Independence and Security Act of
2007, which mandates production quotas of carbon negative cellulosic biofuels and
biomass based diesel to offset gasoline in the United States. This act requires that
“minimal annual levels of renewable fuel in U.S. transportation fuel” increase to 36
billion gallons by 2022 (Sissine 2007). Unfortunately, production of raw materials for
biofuel will likely require large tracts of land. For example, if all corn and soybean
production in the country was used for biofuel production, this would meet only 12% of
the country’s gasoline demand and 6% of its diesel demand (Hill et al. 2006). Novel land
use practices must be developed to produce raw material inputs for biofuels to have a
meaningful impact on U.S. energy needs.
One such novel land use innovation involves generation of biofuels from
materials extracted from existing managed forests. High demand for forest products and
an increasing population has paralleled intensification of forest management and and
increased production in southern forests (Sheffield and Dickinson 1998). Although
acreage of forest cover in the Southeastern United States has remained stable for several
decades, forest types and management have changed markedly since the 1950s, trending
away from natural forest stands towards plantation management, especially loblolly pine
(Sheffield and Dickenson 1998, Stanturf et al. 2003). Concurrently, amount of land
owned by forest products companies in industrial scale operations has increased by
roughly 25% to over 16 million hectares from the early 1950’s through the mid 1990’s
(although it is still considerably less than non-industrial private ownership) (Sheffield and
Dickenson 1998). The increasing land acreage in southern forests consisting of
monotypic pine overstory, and the need for biofuel energy has potential for synergy
2

between biomass production and increasing conservation value through intercropping of
native grasses within this working landscape.
Catchlight Energy LLC was a joint-venture created by Weyerhaeuser and
Chevron to study feasibility of using biomass from pine plantations for biofuel
feedstocks. Weyerhaeuser is one of the largest forest products companies in the
southeastern United States with land holdings > 1,664,000 ha (Weyerhaeuser Company
2010). Logging debris, dead wood, and an established switchgrass (Panicum virgatum)
intercrop within 25-30 year rotation loblolly pine stands with wide row spacings, are
available raw materials for feedstocks. Switchgrass has two mechanisms by which it
reduces atmospheric carbon: (1) displacement of fossil fuels, and (2) carbon
sequestration. Switchgrass stores large amounts of soil organic carbon (SOC) at depths
sufficient to minimize losses due to mineralization (Zan 2001, Liebig et al. 2005).
Switchgrass also provides other ecosystem services including reducing NO3 pollution of
groundwater from fertilizer runoff and increasing soil fertility through replacing SOC in
depleted soils (Bransby 1998). This is a large departure from current biofuel generation
practices. As of 2006, 99% of U.S.-produced biofuel is grain-based ethanol (Farrell et al.
2006).
How removal of standing, non-crop tree biomass and establishing switchgrass
intercropping in pine stands will affect wildlife and plant communities is unknown, and
determining effects of these management choices on avian communities and productivity
is the primary objective of this study. The effect of a single grass species displacing much
of the vegetation between pine rows is also unknown. This may negatively affect scrubsuccessional birds, of which many are known to use regenerating pine stands (Liu et al.
3

1995, Wilson and Watts 2000). To date, there have been no studies completed on effects
of intercropping warm-season grass used in biofuel production within intensively
managed pine forests on birds. Intercropped may increase plant diversity at the patch
level (Iglay et al. 2012) which may positively affect birds as plant diversity has been
correlated with both increased insect diversity and bird diversity (Sample 1989, Haddad
et al. 2001, Robertson et al. 2011)
Objectives
I propose to study effects on bird communities from intercropping switchgrass
(into loblolly pine plantations in east-central Mississippi. This novel land-use practice
may generate biomass for cellulosic feed stocks and/or co-firing in energy plants, but
may have as yet unknown effects on bird communities. Therefore, to understand how
bird communities respond to intercropping switchgrass, I will answer the following
research questions, which correspond to the chapters of this dissertation:
1. What are the effects of intercropping on woody debris structure, an
important habitat element for many birds and other vertebrates?
2. How do bird communities vary among monotypic switchgrass stands,
intercropped loblolly pine/switchgrass stands, and early-successional,
intensively managed loblolly pine forest stands?
3. How is nest success affected for focal bird species, and can differences in
nest success be attributed to specific differences such as nest cover,
vegetative structure or food resources?
4. What are the ecological relationships between nesting species with regard
to nest placement, population interactions and nesting outcomes?
4

5. Does intercropping create higher or lower quality habitat, dependent on
species/guilds, compared to traditional management for a greater number
of species or species of high conservation priority, and do species
capitalize on higher quality habitat or avoid lower quality habitat
accurately?

5

Literature Cited
Bransby, D. 1998. A Review of Carbon and Nitrogen Balances in Switchgrass Grown for
Energy. Biomass and Bioenergy 14:379–384.
Ellison, J. N. and J. G. Nevius. 2006. MTBE: Coverage For This "Spreading" Problem.
Proceedings of the Annual International Conference on Soils, Sediments, Water
and Energy 11:165–171.
Energy Information Administration. 2009. Annual Energy Review 2008. Energy
Information Administration, Washington, D.C.
Farrell, A. E., R. J. Plevin, B. T. Turner, A. D. Jones, M. O'Hare and D. M. Kammen.
2006. Ethanol Can Contribute to Energy and Environmental Goals. Science
311:506–508.
Foley, J. A., R. DeFries, G. P. Asner, C. Barford, G. Bonan, S. R. Carpenter, F. S.
Chapin, M. T. Coe, G. C. Daily, H. K. Gibbs, J. H. Helkowski, T. Holloway, E.
A. Howard, C. J. Kurcharik, C. Monfreda, J. A. Patz, I. C. Prentice, N.
Ramankutty and P. K. Snyder. 2005. Global Consequences of Land Use. Science
309:570–574.
Haddad N. M., D. Tilman, J. Haarstad, M. Ritchie and J. M. H. Knops. 2001. Contrasting
effects of plant richness and composition on insect communities: a field
experiment. American Naturalist 158:17–35.
Hill, J., E. Nelson, D. Tilman, S. Polasky and D. Tiffany. 2006. Environmental,
Economic, and Energetic Costs and Benefits of Biodiesel and Ethanol Biofuels.
Proceedings of the National Academy of Sciences 103:11206–11210.
Iglay R. B., S. K. Riffell, D. A. Miller, and B. D. Leopold. 2012. Effects of switchgrass
intercropping and biomass harvesting on plant communities in intensively
managed pine stands. Proceedings from Sun Grant National Conference: Science
for Biomass Feedstock Production and Utilization. [cited 2013 Aug 20] Available
from http://sungrant.tennessee.edu/NatConference/ConferenceProceedings/.
Lal, R. 2010. Managing Soils and Ecosystems for Mitigating Anthropogenic Carbon
Emissions and Advancing Global Food Security. BioScience 60:708–721.
Liebig, M., H. Johnson, J. Hanson and A. Frank. 2005. Soil Carbon Under Switchgrass
Stands and Cultivated Cropland. Biomass and Bioenergy 28:347–354.
Liu, J., J. B. Dunning and H. R. Pulliam. 1995. Potential Effects of a Forest Management
Plan on Bachman's Sparrows (Aimophila aestivalis): Linking a Spatially Explicit
Model with GIS. Conservation Biology 9:62–75.

6

Luchansky, M. S. and J. Monks. 2009. Supply and demand elasticities in the U.S. ethanol
fuel market. Energy Economics 31:403–410.
Robertson B. A., P. J. Doran, E. R. Loomis, J. R. Robertson and D. W. Schemske. 2011.
Perennial biomass crops enhance avian biodiversity. Global Change Biology
Bioenergy 3:235–246.
Sample, D.W. 1989. Grassland birds in southern Wisconsin: Habitat preference,
population trends, and response to land use changes. Master’s thesis. University
of Wisconsin, Madison 874 pp.
Sheffield, S. R. and J. G. Dickenson. 1998. The South’s Forest Land – On the Hot Seat to
Provide More. Proceedings of the North American Wildlife and Natural Resource
Conference 63:316–331.
Sissine, F. 2007. CRS Report for Congress Energy Independence and Security Act of
2007: A Summary of Major Provisions. Congressional Research Service,
Washington, DC.
Stanturf, J. A., R. C. Kellison, F. S. Broerman and S. B. Jones. 2003. Innovation and
Forest Industry: Domesticating the Pine Forests of the Southern United States,
1920-1999. Forest Policy and Economics 5:407–419
Weyerhaeuser Company. 2010. Weyerhaeuser 2009 Fact Book. [cited 2010 October 20]
Available from
http://investor.weyerhaeuser.com/phoenix.zhtml?c=92287&p=irol-irhome
Wilson, M. D. and B. D. Watts. 2000. Breeding Bird Communities in Pine Plantations on
the Coastal Plain of North Carolina. Chat 64:1–14.
Zan, C. 2001. Carbon Sequestration In Perennial Bioenergy, Annual Corn and
Uncultivated Systems in Southern Quebec. Agriculture, Ecosystems &
Environment 86:135–144.

7

CHAPTER II
EFFECT OF SITE PREPARATION FOR INTERCROPPING ON RETAINED
WOODY DEBRIS STRUCTURE

This chapter was previously published (Loman et al. 2013). Reprinted by
permission Oxford University Press (Appendix A).
Intensively managed pine (Pinus spp.) forest is a co-dominant land cover type in
the southeastern United States, with planted shortleaf (P. echinata Miller) and loblolly
pine (P. taeda L.) forests covering > 12 million hectares (Smith et al. 2009). There has
been considerable interest in developing management regimes within intensively
managed forests for producing feedstocks for biofuel from lignocellulosic sources (EPA
2010, Riffell et al. 2011b). Three primary methods proposed for generating these
feedstocks from southeastern U.S. forests are: (1) growing short rotation woody crops
including trees in the genera Populus, Salix, Pinus and Eucalyptus (Hinchee et al. 2011,
Zalesny et al. 2011); (2) using wood from forest thinning (Verschuyl et al. 2011) and
otherwise non-merchantable residual wood following final harvest (Riffell et al. 2011a);
and (3) intercropping fast growing perennial plants within pine plantations (Riffell et al.
2011b). Within the context of intercropping, switchgrass (Panicum virgatum L.) is a
promising perennial grass to grow between loblolly pine rows. Switchgrass has several
advantages over other species: it is native to the southeastern U.S., it resprouts readily
allowing annual harvest and minimal replanting over the life of a pine stand, has
8

desirable soil carbon sequestering properties, grows quickly and produces large volumes
of biomass, and can be established and maintained with conventional agricultural
techniques (Parrish and Fike 2005, Garten 2011). Switchgrass may have the added
advantage over other feedstocks in that carbon balances may be beneficially affected
through retention of standing and downed woody debris, an important store of carbon,
following clearcut harvesting (Wang et al. 2011).
The value to wildlife from forestry practices that retain standing snags has been
well studied in pine forests, especially for cavity nesting birds (CNB). Many CNB,
including primary and secondary cavity nesters, are limited by availability of nest sites
and strongly tied to snag availability (e.g., Balda 1975, Newton 1994, Lohr et al. 2002,
Aitken and Martin 2012). The portion of the bird community that persists on site
following clearcut harvest of forest blocks, namely guilds associated with snags is
strongly influenced by number and decay class of snags available (Dickson et al. 1983,
Lohr et al. 2002). In an extensive study on the role of CWD in loblolly pine plantations,
Lohr et al. (2002) found that several species had close associations with CWD and that
combined removal of snags and downed coarse woody debris (DCWD) reduced breeding
avian diversity.
Woody debris is also an important component of forest structure for a large
number of mammals and herptiles. Increasing DCWD volume enhances use of pine
forests by species associated with fossorial microhabitats, especially salamanders (e.g.,
Bury and Corn 1988, Dupuis et al. 1995, Moseley et al. 2004, Alkaslassy 2005) and small
mammals (e.g., Loeb 1999, Butts and McComb 2000, Mengak and Guynn 2003, McCay
and Komoroski 2004). Not only is amount of DCWD important, but volume of debris is
9

also important, as some species prefer larger pieces of debris (Corn and Bury 1991,
Jonsell 2007). Additionally, DCWD may help mitigate changes in microclimate
following clear cutting. Microclimatic conditions are seasonally and diurnally more
variable following clear cuts (Chen et al. 1993, Carlson and Groot 1997, Gray et al.
2002). This increased fluctuation in surface conditions may limit use of these sites for
some species, and retained CWD may supplant some of the shelter provided by canopy
cover prior to harvest (Grialou et al. 2000, Fauteux et al. 2012), help maintain moisture
for species subject to desiccation (Jaeger 1980, Getz 1961, Brannon 2002), provide travel
pathways (McCay 2000, Ucitel et al. 2003, Zollner and Crane 2003, Jones et al. 2009),
and provide habitat structure present in mature forests (Gustafsson et al. 2010). Snags
also promote mammal diversity by providing habitat for arboreal species such as tree
squirrels and tree-roosting bats (Loeb 1996, Perry et al. 2007, Jones et al. 2009).
There are positive and negative possible externalities for wildlife that may result
from creating pine-switchgrass co-cultures within loblolly pine plantations, although
there have been no completed studies to date that address these questions within this
production system (Riffell et al. 2011b). Differences in forestry practices required to
establish switchgrass co-culture in loblolly pine may change habitat suitability for a wide
range of biota via alteration of habitat structure, particularly availability of DCWD,
snags, and retained live trees. Therefore, I examined habitat structure elements of loblolly
pine plantations following harvest and subsequent site preparation and replanting of pines
to determine structural changes that may affect wildlife. I measured and compared
metrics of DCWD and retained snags and green trees, as these are important structural
features for wildlife especially following harvest, which creates large amounts of debris
10

(Jones et al. 2009). I used two CWD volume metrics, gross and net CWD. Gross CWD
included piled woody material, empty space and other plant material lumped into debris
piles. Net woody debris included solely the volume of woody material. As indicated
above, retained gross CWD plays an important structural role within plantations
immediately following harvest and stand reestablishment. Net woody debris is a better
indicator of macroinvertebrate production, and vertebrates that forage on them, and is the
relevant metric for fuels, and carbon assessments (Hardy 1996).
I predicted more intensive site preparation associated with planting switchgrass
would decrease number of snags and retained green trees on intercropped pine stands.
Additional bulldozer passes with a v-blade between pine rows to prepare the switchgrass
seedbed effectually cover the entire stand during site preparation, potentially leaving little
opportunity to retain non-harvested trees or standing snags. I also predicted that
intercropped stands would have less CWD and smaller pieces due to additional
mechanical breakdown (McCarthy and Bailey 1994) and a greater proportion of debris
volume in piles rather than a more even dispersal of pieces. I predicted those plots siteprepared for establishing switchgrass monoculture would have most, but not all, DCWD
removed and have few if any snags. Understanding these potential changes in habitat
structure are important for forest managers who wish to integrate wildlife habitat
objectives with forest management goals.
Methods
Study Area
I collected data in Kemper County, Mississippi (32°52’N, 88°33’W) on properties
owned and managed by Weyerhaeuser Company within stands established and
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maintained by Catchlight Energy LLC (CLE), a Chevron|Weyerhaeuser joint venture,
and Weyerhaeuser Company. I collected data during June through August of 2011. My
experimental stands were within the Interior Flatwoods Area (Pettry 1977) and Upper
Coastal Plain in Kemper County, Mississippi, USA. The surrounding 25,000 ha
landscape was composed mostly (70%) of intensively managed pine (Pinus spp.) stands
of various ages, mature pine-hardwood (17%), hardwood (10%), and non-forested areas
(3%). The climate was subtropical with mean annual temperatures of 17.4oC (11.223.7oC) and mean annual precipitation of 149 cm (100-177 cm; National Oceanic and
Atmospheric Administration 2009).
Experimental design
Our study was a randomized complete block design with six sample blocks. Each
block was composed of four 10 hectare plots. Treatments were assigned randomly. The
treatments were: (1) Pine: typical loblolly pine management following standard
Weyerhaeuser procedures for site preparation, including a combination plow with a vblade, bedding plow, and a subsoiler to establish pine beds, seedling planting at
approximately 1100 trees/hectare (tree spacing 1.52 x 6.10 m), herbaceous weed control
applied in bands on pine tree rows, and later thinning to approximately 310
trees/hectares; (2) Switchgrass Monoculture: non-intercropped, switchgrass monoculture
using a different site preparation appropriate for planting switchgrass including woody
debris removal (pushed into windrows at edges of stands, and a total plot stumpremoval/plow with a v-blade), and fertilizer/herbicide treatments as needed to establish a
grass crop; (3) Intercropped: intercropped switchgrass within loblolly pine plantation,
following the same site preparation as with standard management practices, but including
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planting of switchgrass, and more extensive woody debris and stump removal between
rows of planted trees using a v-blade appropriate for establishing switchgrass between
pine beds. Additional v-blade passes in these plots pushed debris out of rows to facilitate
seeding and germination of switchgrass. In typically managed pine plots, the v-blade and
subsoiler pushes woody debris out of beds and into rows to allow planting pines and
facilitate early pine growth. The pine treatment had two plots in each block. The
switchgrass monoculture treatment was installed to provide an experimental bound, and
is not considered a viable management scenario within this forested landscape.
Debris surveys
I used strip plot methods following Bate et al. (2004) to quantify plot level CWD.
I used 24 strip surveys for each of the twenty four study plots (N = 576 surveys). Strips
(12.5 m x 4 m) were centered along three points evenly spaced 100m apart along one of
the main diagonals of each 10 ha study plot. Strip placement avoided SMZs and plot
edges by > 50 m when possible. Eight transects were arranged around each point in an X
shape with each arm consisting of two strips. Orientation of the X was chosen randomly.
The X pattern was used so that debris estimates would not be biased on any particular
plot from preferentially laying transects along rows or beds which would increase or
decrease probability of encountering debris. With this pattern, an equal number of strips
would be perpendicular to direction of the beds as those that were parallel.
Two observers surveyed woody debris pieces within plots, marking each piece
with chalk to ensure a complete census and to avoid double-counting. Our definition of
DCWD included material smaller than the often used < 10 cm cutoff (Riffell et al. 2011b,
Jones et al. 2009), and thereby classified as fine woody debris, as I sought to understand
13

if greater intensity site preparation was increasing mechanical breakdown, thereby
decreasing size of individual debris pieces. Debris was categorized into three categories:
predominately linear pieces, piles of linear pieces, and blocks, with different
measurements taken for each. Blocks were roughly rectangular prisms in shape and
measured using length, width and height. Linear pieces with elliptical or circular cross
sections were by far the most common. Volume for linear pieces was calculated
following Fraver et al. (2007). The exact species of many of these pieces was not
determinable. Those that were identifiable appeared to consist of lateral branches from
pine, boles or bole fragments from non-merchantable pines, and portions of hardwoods,
especially black cherry (Prunus serotina Ehrhart), sweetgum (Liquidambar styraciflua
L.), winged elm (Ulmus elata Michaux), oaks (Quercus sp.), hickory (Carya sp.) and
mimosa (Albizia julibrissin Durazzini) among others. End diameters, to generate crosssectional area, and length (cm) were measured to the nearest 0.254 cm using tree calipers
and a tape measure, respectively. Length was measured from either the ends of the piece
or to where the diameter dropped below 2 cm if the piece was so tapered. Apparent boles
that were upright at a 45° angle or greater were considered snags and not measured as
DCWD. Pieces < 1 m were considered fine woody debris and not included in counts or
volume estimates. Those with large-end diameters < 2 cm were also considered fine
debris and excluded.
Due to linear orientation of site preparation (i.e., planting, bedding, v-blade
pushing debris), debris piles were essentially linear and had a fairly consistent shape.
Piles were defined as ≥ 25cm in depth, ≥1 m long, and with ≥ three linear pieces
adpressed, typically with additional soil or non-woody debris, so that the volume could
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not be derived from the individual volume of constituent CWD pieces. The shape of these
piles was not adequately approximated by other volumetric estimates used in debris pile
volume estimation such as those outlined by Hardy (1996). Therefore, I divided portion
of piles within transects in half lengthwise and overlaid a minimum convex polyhedron
over each half (Figure 2.1) to avoid over-estimating gross debris volume. This allowed us
to generate a closed form equation for pile volume using length, width, and height
measurements for each half (Figure 2.1), while allowing for variable endpoint and
midpoint heights and basal widths.
I counted all snags and green trees over 3 m in height within 50 m of the center
points (the same used as centers for strip plot surveys). These were categorized as either
standing green trees, small snags (dbh < 20 cm) or large snags (dbh >20 cm). There were
not sufficient green trees over 20cm to merit dividing these into two size classes. This
threshold between large and small snags value was selected as it was approximately two
standard deviations below mean DBH reported for nesting trees of Northern Flicker
(Colaptes auratus), the largest cavity nesting bird species located nesting within the
sampling area (Stauffer and Best 1982, Gutzwiller and Anderson 1987), so that snags
would be of sufficient size for all CNB. Snags with boles tilted at 45° or greater from
vertical were treated as downed coarse woody debris.
Statistical analyses
I used general linear mixed models (Proc Mixed) in SAS 9.2 (SAS Institute, Cary,
NC) and generalized linear mixed models (Proc Glimmix) to compare differences in
CWD among treatments (Littell et al. 2006). I tested null hypotheses that gross woody
debris volume density (m3 / 50 m2), net woody debris volume, number of woody debris
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pieces per survey that were distributed (not piled), volume of woody debris pieces,
volume of debris piles contained within strip surveys, and probability of encountering a
pile were unchanged by site preparation procedures appropriate for establishing
switchgrass intercropping or switchgrass monocultures compared with traditional loblolly
pine management.
To model gross CWD volume density (m3 /50 m2) for each treatment, I assumed a
Gaussian distribution. I transformed data using log10 (volume+1) to achieve normally
distributed residuals (McCune and Grace 2002). I adjusted denominator degrees of
freedom using the Kenward-Roger correction. Experimental treatment was used as the
fixed effect. Treatment levels were as described above. Debris removal on monoculture
plots affected variance of total volume. I accounted for this in the model by using a
heterogeneous G matrix with treatment-specific covariance parameters. In all models, I
used study block as a random effect to address dependence among samples within each
site. Net CWD volume was computed using the 7.7% packing ratio for piles reported by
Beauvais (2010), adding this volume to total CWD piece volume for each survey, and
using the same model as for gross CWD. The packing ratio adjusted volumetric estimates
to account for soil and empty space within debris piles.
I modeled counts of debris pieces with a Poisson distributed generalized linearmixed model using a log link function. Pile volume was modeled using a Gaussian
distribution (Proc Mixed, SAS Institute, Inc. 2008). Data transformation was not required
for normally distributed residuals. Using a Poisson distribution to model counts per
survey of debris piles resulted in a poor model fit. Instead, I modeled probability of
encountering a pile per survey as a surrogate for pile density on study plots using a
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binomial model with a logit link function (Proc Glimmix, SAS Institute, Inc. 2008).
Switchgrass monoculture was not used as a treatment level for pile volume and
probability of encountering a pile as this treatment did not have debris piles due to nearly
complete debris removal required for planting pure switchgrass stands. Volume of
individual debris pieces was modeled using Proc Mixed with a log10(x + 0.5)
transformation with the study plot on which the survey was conducted as random effect.
Using a group random effect whereby surveys from the same X pattern were grouped
together was not supported in models (∆AIC>>2) except the model for volume of
individual pieces.
Results
Site preparation for switchgrass intercropping did not change DCWD metrics
compared to traditionally managed pine stands. Hereafter for means, confidence limits,
test statistics and significantly different groups, see Table 2.1. Effect of treatment was
significant on total gross volume, with intercropped switchgrass and typical pine plots
having significantly greater volume than switchgrass monoculture, but not different from
each other. Switchgrass monoculture had essentially no DCWD; least squared mean total
volume on switchgrass monoculture plots did not differ significantly from zero (95% C.
L.: 0.000-0.035). Comparing net volume yielded the same qualitative result as gross
volume. Effect of treatment was significant on total net volume, with intercropped
switchgrass and typical pine plots having significantly greater volume than switchgrass
monoculture, but not different from each other. Either rows or beds contained a
disproportionate share of debris depending on treatment. Intercropped plots contained
more debris in beds.
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Number of pieces of debris per 50 m2 area differed significantly among
treatments. Although intercropped switchgrass and traditionally managed pine did not
differ in number of individual debris pieces, both had significantly more than switchgrass
monoculture. Individual piece volume, probability of encountering debris piles, and
volume of debris piles did not differ significantly between intercropped and nonintercropped treatments. There were no debris piles detected on switchgrass monoculture
plots.
Site preparation for switchgrass intercropping reduced number of retained snags
and number of green trees compared with non-intercropped stands. Snags in both size
classes were combined for analyses due to small numbers retained on study plots.
Retained green trees were reduced by 61% from 2.95 trees per 50 m radius count circle
(3.75 ha-1) on non-intercropped to 1.14 trees per count circle (1.46 ha-1) on intercropped
plots, and snags were reduced by 46% from 2.00 snags per count circle (2.55 ha-1) on
non-intercropped plots to 1.08 snags per count circle (1.37 ha-1) on intercropped stands.
There were no retained green trees on switchgrass monoculture plots.
Discussion
Pine stands that were site prepared for intercropping provided less suitable habitat
structure for those animal species that depend on snags, but not DCWD for nesting,
escape cover or other activities. The role of retained snags and retained green trees in
pine plantations for birds and other vertebrate species has been well studied (Thompson
et al. 2005, Riffell et al. 2011a, 2011b, Verschuyl et al. 2011). These differences will
likely decrease in subsequent years as snags decay and fall because most snags have a
brief half-life and newly established stands are slow to recruit new snags (Moorman et al.
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1999, Homyack et al. 2011). There was no evidence of increased mechanical breakdown
of woody debris pieces on intercropped stands, although the decrease in standing snags
and green trees may have added to DCWD and obscured or mitigated this effect.
I found similar retained CWD compared to other studies of biomass in loblolly
pine. Converting our net CWD volume to biomass using an assumption of 50% pine /
50% hardwood CWD composition with a density of 0.512 Mg/m3 and 0.437 Mg/M3 for
hardwoods and pine respectively (Beauvais 2010), yields an estimate of 13.48 Mg/Ha
(95% C.L.: 8.95-18.37) for typically managed pine plots and 18.43 (95% C.L.: 6.9732.31) for intercropped plots . This is very similar to Beauvais (2010), which reports
upper and lower confidence levels of 7.51 and 11.29 Mg/Ha in typically managed pine
stands without biomass removal. Our slightly greater results may partially be accounted
for by our definition of DCWD, which was more inclusive, therefore biasing our estimate
upward. Our estimates of CWD piece counts are similar to Neu (2011). Neu (2011)
estimated 634.7 +/ 51.8 ha-1 (mean +/- S.E.) CWD pieces for 1 and 2 year old stands
following chemical and mechanical site preparation compared with our 672.8 ha-1for
typically managed pine and 910.8 ha-1 for intercropped plots. Our estimates of net CWD
volume are not directly comparable to Neu (2011) due to differences in methods
concerning the volume of sorting/merchandizing decks, which were excluded from his
total volumetric estimates.
There was no difference in amount or distribution of debris between intercropped
and non-intercropped stands, and therefore habitat quality is likely similar between
intercropped and non-intercropped stands for faunal communities that are not reliant on
snags. I expect stronger differences in ground-level habitat structure in future years as
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differences in vegetation become more pronounced and with onset of vertical habitat
heterogeneity, particularly after switchgrass becomes established within stands. There
were no debris piles and no retained snags or trees on plots that had been site-prepared
for switchgrass monoculture.
Effects of forest management on CWD have been studied in biofuel production
scenarios other than switchgrass intercropping. Biofuel production regimes which collect
wood as lignocellulosic feedstock for transportation fuel production perhaps provide a
clearer pathway to reduced CWD than intercropping, through direct debris removal
(Briedis et al. 2011, Skog and Stanturf 2011, Zalesny et al. 2011). Biomass harvesting
may remove greater amounts of woody biomass than is desirable to meet sustainability
objectives, although limited data are available. Beauvais (2010) found 85% reductions in
CWD biomass when forest residues were harvested for biofuel feedstocks in loblolly
plantations in the Atlantic coastal plain in eastern North Carolina, USA. Briedis et al.
(2011) examined whole-tree harvest and biomass harvesting and found that retained
DCWD and snags were insufficient to meet state guidelines in several northern and
eastern U.S. states. Arnosti et al. (2008), contrastingly, found low debris removal
efficiency and minimal effect on snags for a variety of understory biomass removal
treatments. Their results are not generally applicable to southeastern plantations forests as
they studied a Birch-Aspen-Spruce-Fir (Betula-Populus-Picea-Abies spp.) forest system
that is strongly divergent structurally and topographically from managed forests in the
Atlantic and Gulf Coastal plains. They reported dense crop tree overstory and rugged
topography prohibited high efficiency biomass removal. These limitations are not likely
to be influential in forests with regular tree spacing and minimal topographic relief.
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Arnosti et al. (2008) also explicitly incorporated upper limits on biomass removal in their
treatments which preclude comparisons where biomass removal is implemented in a
harvest regime aimed at attaining maximum yields, especially following clearcut harvest.
When contrasted with non-significant differences in DCWD volume versus traditional
pine management, switchgrass intercropping appears to be a better alternative for
retention of debris in lignocellulosic feedstock production than harvesting residual woody
biomass, unless explicit guidelines are enacted to prevent loss of woody biomass. This
maintains positive externalities for some terrestrial vertebrates, even though reductions in
retrained tree and snag-using species likely will occur (Hanberry et al. 2012a). Research
is needed for other vertebrate groups, but residual biomass removal is not known to
negatively affect diversity or adundance of herptiles in loblolly pine plantations
(Homyack et al. 2013)
Increasing CWD is not always correlated with increased habitat use, and it is
important to acknowledge that for some taxa the relationship between CWD and habitat
use is equivocal or species may respond positively to reduced CWD (Ford et al. 2002,
Greenburg and Miller 2004, Moseley et al. 2005, 2008, Riffell et al. 2011a, Hanberry et
al. 2012a). Within some species groups (such as amphibians and small mammals), the
direction of population responses to CWD removal is not consistent across all species and
in others (reptiles) it has not been studied adequately (Riffell et al. 2011b). That DCWD
metrics were similar between intercropped and non-intercropped stands suggests similar
habitat quality regardless of positive or negative affinities of particular species with
DCWD.

21

Growing switchgrass monocultures within forest lands rather than producing
forest products is not economically viable compared to intercropping switchgrass or
growing pine monocultures under many stumpage and switchgrass price scenarios
(Susaeta et al. 2012). Therefore, the switchgrass monoculture treatment in this study can
be thought of as a heuristic analog to a “switchgrass-first” approach to establishing
switchgrass-pine co-culture, which differs from the “pine-first” method employed in
intercropped stands in this study (see methods). This switchgrass-first approach is
currently being tested (R. Rousseau personal communication) and involves planting
switchgrass in a monoculture first and then using a banded herbicide application to
remove switchgrass from pine beds which are then planted using typical pine planting
procedures. Planting in this manner requires that stands be cleared of all CWD using a
method similar to the one employed in this study to establish the monoculture treatment.
Results from this study suggest that the “pine-first” method for stand establishment may
present an added advantage of allowing for debris and snag retention not possible in the
switchgrass-first method.
Conclusions
Switchgrass intercropping provides habitat of similar structure to typically
managed pine plantation forests for vertebrate communities that use DCWD following
clearcut harvesting, site preparation and replanting of pines, before much of the naturally
occurring plant communities have had time to reestablish. Intercropping provides less
suitable habitat structure for species reliant on standing snags or green trees that are
retained after harvesting crop trees. Loblolly pine plantations have been identified as
providing important habitat for animals that need early successional habitat conditions
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particularly in conjunction with CWD, green tree and snag retention practices (e.g.,
Wigley et al. 2000, Miller et al. 2009, Lane et al. 2011, Hanberry et al. 2012a, 2012b), so
maintaining DCWD via intercropping provides an advantage of this lignocellulosic
feedstock production method over removal of residual woody biomass.
It is important to recognize that our stand level study did not consider availability
of dead wood resources across a managed pine landscape. Such a landscape generally
contains non-operational stands, such as stream buffers, which can provide substantial
dead wood resources (Wigley et al. 2000, Miller et al. 2009). Therefore, full
understanding of potential impacts of deadwood response to biofuel crop establishment
within forest systems will require an understanding of prevalence and distribution of such
treatments across a landscape and interaction with other forest types and silvicultural
treatments on the landscape.
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Table 2.1

Estimates for debris metrics and retained snags and green trees based on
differences in site preparation for biomass intercropping.
F and sig.
groups

P

Gross volume (m / 50 m )
Standard Pine
Intercropped
Monoculture
Net Volume (m3/ 50 m2)
Standard Pine
Intercropped
Monoculture

F2,10.8 = 6.92
A
A
B
F2,10.6 = 23.49
A
A
B

Piece count (50 m-2)
Standard Pine
Intercropped
Monoculture

F2,504 = 42.77
A
A
B

<0.001

Pile encounter prob. (50 m-2)
Standard Pine
Intercropped

F1,414 = 0.52
A
A

0.497

Individual piece volume (m3)
Standard Pine
Intercropped
Monoculture

F2,2427 = 1.96
A
A
A

0.141

Individual pile volume (m3)
Standard Pine
Intercropped
Total green trees (per count)
Standard Pine
Intercropped
Total snags (per count)
Standard Pine
Intercropped

F1,55 = 1.14
A
A
F1,39 = 18.13
A
B
F1,39 = 15.09
A
B

0.290

3

2

mean

LCL

UCL

0.251
0.334
0.002

0.155
0.138
0.000

0.360
0.591
0.035

0.142
0.194
0.002

0.094
0.073
0.000

0.194
0.340
0.021

3.364
4.554
0.119

2.348
2.753
0.061

4.819
7.534
0.234

0.129
0.171

0.077
0.090

0.207
0.302

0.047
0.038
0.016

0.038
0.025
0.000

0.056
0.052
0.047

1.359
0.959

0.894
0.372

1.823
1.547

2.946
1.145

2.039
0.857

4.389
1.663

2.004
1.079

1.628
0.886

2.503
1.369

0.005

<0.001

<0.001

<0.001

Total experiment-wise significance presented first for each test including F and P values,
with upper confidence and lower 95% confidence limits, Kemper Co. Mississippi,
Summer 2011.
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Figure 2.1

Generalized overlay of the polyhedron used to approximate pile volumes
superimposed on a portion of a windrowed woody debris pile.

Kemper Co., MS, October 2011.

Figure 2.2

Derivation of volume estimate for debris piles based on a triangular crosssection with variable end and center widths and heights

w1 and w3 are the endpoint basal widths, h1 and h3 are the end point heights and w2 and
h2 are the midpoint width and height, respectively, L is the length of each half of the pile.
Each half taken independently is a convex polyhedron but the combined polyhedron is
not strictly convex. The formula is generalizable to include any number of sections. Also
note: I used equal lengths for the two sections of the solid, but it is trivial to generalize
the formula for unequal length sections.

25

Literature Cited
Aitken, K. E. H. and K. Martin. 2012. Experimental test of nest-site limitation in mature
mixed forests of central British Columbia, Canada. Journal of Wildlife
Management 76:557–565.
Alkaslassy, E. 2005. Abundance of plethodontid salamanders in relation to coarse woody
debris in a low elevation mixed forest of the western Cascades. Northwest
Science 79:156–163.
Arnosti, D., D. Abbas, D. Current and M. Demchik. 2008. Harvesting Fuel: Cutting Costs
and Reducing Forest Fire Hazards Through Biomass Harvest. Institute for
Agriculture and Trade Policy, Minneapolis, MN, USA, 76 pp.
Balda, R. P. 1975. The relationship of secondary cavity nesters to snag densities in
western coniferous forests. Wildlife Habitat Technical Bulletin 1. U.S.
Department of Agriculture Forest Service, Southwestern Region, Albuquerque,
NM, USA, 37 pp.
Bate, L. J., T. R. Torgersen, M. J. Wisdom and E. O. Garton. 2004. Performance of
sampling methods to estimate log characteristics for wildlife. Forest Ecology and
Management 199:83–102.
Beauvais, C. 2010. Coarse woody debris in a loblolly pine plantation managed for biofuel
production. Master’s thesis, Duke University, Durham, NC.
Brannon, M. P. 2002. Epigeal movement of the smoky shrew Sorex fumeus following
precipitation in ridgetop and streamside habitats. Acta Theriol. 47:363–368.
Briedis, J. I., J. S. Wilson, J. G. Benjamin, and R. G. Wagner. 2011. Biomass retention
following whole-tree, energy wood harvests in central Maine: Adherence to five
state guidelines. Biomass and Bioenergy 35:3552–3560.
Bury, R. B. and P. S. Corn. 1988. Douglas-fir forests in the Oregon and Washington
Cascades: relation of the herpetofauna to stand age and moisture. In Proceedings
– Management of Amphibians, Reptiles, and Small Mammals in North America.
Gen. Tech. Rep. RM-166. R. C. Szaro, K. E. Severson, and D. R. Patton
(technical coordinators). U.S. Department of Agriculture, Forest Service, Rocky
Mountain Forests and Range Experiment Station, Fort Collins, CO, pp. 11–22.
Butts, S. R. and W. C. McComb. 2000. Associations of forest-floor vertebrates with
coarse woody debris in managed forests of western Oregon. Journal of Wildlife
Management 64:95–104.
Carlson, D.W. and A. Groot. 1997. Microclimate of clear-cut, forest interior, and small
openings in trembling aspen forest. Agricultural and Forest Meteorology:87:313–
329.
26

Chen, J., J. F. Franklin and T. A. Spies. 1993 Contrasting microclimates among clearcut,
edge, and interior of old-growth Douglas-fir forest. Agricultural and Forest
Meteorology 63:219–237.
Corn, P. S. and R. B. Bury. 1991. Terrestrial amphibian communities of the Oregon
Coast Range. In Wildlife and Vegetation of Unmanaged Douglas-fir Forests. Gen.
Tech. Rep. PNW-GTR-285. L. F. Ruggiero, K. B. Aubry, A. B. Carey, and M. H.
Huff (technical coordinators). U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station, Portland, OR, pp. 305–317.
Dickson, J. G., R. N. Conner and J. H. Williamson. 1983. Snag retention increases bird
use of a clear-cut. Journal of Wildlife Management 47:799–804.
Dupuis, L. A., J. N. M. Smith, and F. Bunnell. 1995. Relation of terrestrial-breeding
amphibian abundance to tree-stand age. Conservation Biology 9:645–653.
EPA. 2010. EPA finalizes regulation for the National Renewable Fuel Standard Program
for 2010 and beyond. EPA-420-F-10-007. U.S. Environmental Protection
Agency, Office of Transportation and Air Quality, Washington, DC. [cited 2012
January 3] Available from
http://www.epa.gov/oms/renewablefuels/420f10007.pdf
Fauteux, D., L. Imbeau, P. Drapeau and M. J. Mazerolle. 2012. Small mammal responses
to coarse woody debris distribution at different spatial scales in managed and
unmanaged boreal forests. Forest Ecology and Management 266:194–205.
Ford, W. M., C. A. Dobony and J. W. Edwards. 2002. Shrews in managed northern
hardwood stands in the Allegheny Mountains of West Virginia. Proceedings of
the Annual Conference of the Southeastern Association of Fish and Wildlife
Agencies 56:374–384.
Fraver, S., A. Ringvall and B. G. Jonsson. 2007. Refining volume estimates of down
woody debris. Canadian Journal of Forest Research 37:627–633.
Garten, C. T. 2011. Review and model-based analysis of factors influencing soil carbon
sequestration beneath switchgrass (Panicum virgatum). Bioenergy Research
5:124–138.
Getz, L. L. 1961. Factors influencing the local distribution of shrews. American Midland
Naturalist 65:67–88.
Gray, A. N., T. A. Spies and M. J. Easter. 2002. Microclimatic and soil moisture
responses to gap formation in coastal Douglas-fir forests. Canadian Journal of
Forest Research 32:332–343.
Greenberg, C. H. and S. Miller. 2004. Soricid response to canopy gaps created by wind
disturbance in the southern Appalachians. Southeastern Naturalist 3:715–732.
27

Grialou J. A., S. D. West and R. N. Wilkins. 2000. The effects of forest clearcut
harvesting and thinning on terrestrial salamanders. Journal of Wildlife
Management 64:105–113.
Gustafsson, L., J. Kouki and A. Sverdrup-Thygeson. 2010. Tree retention as a
conservation measure in clear-cut forests of northern Europe: a review of
ecological consequences. Scandinavian Journal of Forest Research 25:295–308.
Gutzwiller, K. J. and S. H. Anderson. 1987. Multiscale associations between cavitynesting birds and features of Wyoming streamside woodlands. Condor 89:534–
548.
Hanberry, B. B., P. Hanberry, S. Demarais, J. C. and Jones. 2012a. Importance of
residual trees to birds in regenerating pine plantations. iForest 5:108–112. doi:
10.3832/ifor0616-005.
Hanberry, B. B., P. Hanberry, S. K. Riffell, S. Demarais and J. C. Jones. 2012b. Bird
assemblages of intensively established pine plantations in Coastal Plain
Mississippi. Journal of Wildlife Management 76:1205–1214.
Hardy, C.C. 1996. Guidelines for estimating volume, biomass, and smoke production for
piled slash. Gen.Tech. Rep. PNW-GTR-364. U.S. Department of Agriculture,
Forest Service, Pacific Northwest Research Station, Portland, OR. 28 pp.
Hinchee, M., W. Rottmann, L. Mullinax, C. Zhang, S. Chang, M. Cunningham, L.
Pearson and N. Nehra. 2011. Short-Rotation woody crops for bioenergy and
biofuels applications. In Biofuels. D. Tomes, P. Lakshmanan, and D. Songstad
(eds.). Springer, New York, pp. 139–156.
Homyack, J. A., B. J. Paxton, M. D. Wilson, B. D. Watts and D. A. Miller. 2011. Snags
and cavity-nesting birds within intensively managed pine stands in eastern North
Carolina, USA. Southern Journal of Applied Forestry 35:148–154.
Homyack, J. A., Z. Aardweg, T. A. Gorman, and D. R. Chalcraft. 2013. Initial effects of
woody biomass removal and intercropping of switchgrass (Panicum virgatum) on
herpetofauna in eastern North Carolina. Wildlife Society Bulletin 37: 327–335.
Jaeger, R. G. 1980. Microhabitats of a terrestrial forest salamander. Copeia 1980:265–
268.
Jones, P., B. Hanberry and S. Demarias. 2009. Stand-level wildlife habitat features and
biodiversity in southern pine forests: a review. Journal of Forestry 107:398–404.
Jonsell, M. 2007. Effects on biodiversity of forest fuel extraction, governed by processes
working on a large scale. Biomass and Bioenergy 31:726–732.

28

Lane, V. R., K. V. Miller, S. B. Castleberry, R. J. Cooper, D. A. Miller, T. B. Wigley, G.
M. Marsh and R. L. Mihalco. 2011. Bird community responses to a gradient of
site preparation intensities in pine plantations in the Coastal Plain of North
Carolina. Forest Ecology and Management 262:1688–1678.
Littell, R. C., G. A. Milliken, W.W. Stroup, R. D. Wolfinger, and O. Schabenberger.
2006. SAS© for Mixed Models. Second edition. SAS Institute, Cary, North
Carolina, USA.
Loeb, S. C. 1996. The role of coarse woody debris in the ecology of Southeastern
mammals. In Biodiversity and coarse woody debris in southern forests:
Proceedings of the Workshop on Coarse Woody Debris in Southern Forests:
Effects on Biodiversity, Gen. Tech. Rep. SE-94. J. W. McMinn, and D. A.
Crossley (eds.). U.S. Department of Agriculture, Forest Service, Southern
Research Station, Athens, GA, pp. 108–118.
—. 1999. Responses of small mammals to coarse woody debris in a southeastern pine
forest. Journal of Mammalogy 80:460–471.
Lohr, S. M., S. A. Gauthreaux and J. C. Kilgo. 2002. Importance of coarse woody debris
to avian communities in loblolly pine forests. Conservation Biology 16:767–777.
Loman Z. G, S. K Riffell, D. A Miller, J. A Martin and F. J. Vilella. 2013. Site
preparation for switchgrass intercropping in loblolly pine plantations reduces
retained trees and snags, but maintains downed woody debris. Forestry 86:353360.
McCarthy, B. C. and R. R. Bailey. 1994. Distribution and abundance of coarse woody
debris in a managed forest landscape of the central Appalachians. Canadian
Journal of Forest Research 24:1317–1329.
McCay, T. S. 2000. Use of woody debris by cotton mice (Peromyscus gossypinus) in a
southeastern pine forest. Journal of Mammalogy. 81:527–535.
McCay, T. S. and M. J. Komoroski. 2004. Demographic responses of shrews to removal
of coarse woody debris in a managed pine forest. Forest Ecology and
Management 189, 387–395.
McCune, B. and J. B. Grace. 2002. Analysis of Ecological Communities. MJM Software
Design, Gleneden Beach, OR.
Mengak, M. T. and D. C. Guynn Jr. 2003. Small mammal microhabitat use on young
loblolly pine regeneration areas. Forest Ecology and Management 173:309–317.
Miller, D. A., T. B. Wigley and K. V. Miller. 2009. Managed forests and conservation of
terrestrial biodiversity in the southern United States. Journal of Forestry 107:197–
203.
29

Moorman, C. E., K. R. Russell, G. R. Sabin and D. C. Guynn Jr. 1999. Snag dynamics
and cavity occurrence in the South Carolina Piedmont. Forest Ecology and
Management 118:37–48.
Moseley, K. R., S. B. Castleberry and W. M. Ford. 2004. Coarse woody debris and pine
litter manipulation effects on movement and microhabitat use of Ambystoma
talpoideum in a Pinus taeda stand. Forest Ecology and Management 191:387–
396.
Moseley, K. R., S. B. Castleberry, J. L. Hanula and W. M. Ford. 2005. Diet of southern
toads (Bufo terrestris) in loblolly pine (Pinus taeda) stands subject to coarse
woody debris manipulations. American Midland Naturalist 153:327–337.
Moseley, K. R., A. K. Owens, S. B. Castleberry, W. M. Ford, J. C. Kilgo, and T. S.
McCay. 2008. Soricid response to coarse woody debris manipulations in Coastal
Plain loblolly pine forests. Forest Ecology and Management 255:2306–2311.
National Oceanic and Atmospheric Administration. 2009. Climate normals. U.S. National
Oceanic and Atmospheric Administration, Southern Regional Climate Center,
Baton Rouge, LA. [cited 2009 June 11] Available from http://www.srcc.lsu.edu/
Neu, J. 2011. Retained woody structure in 1- to 2-year-old loblolly pine plantations in
Mississippi, Louisiana, and Arkansas. Master’s thesis. Mississippi State
University, Starkville, MS.
Newton, I. 1994. The role of nest sites in limiting the numbers of hole-nesting birds: A
review. Biological Conservation 70:265–276.
Parrish, D. J. and J. H. Fike. 2005. The biology and agronomy of switchgrass for
biofuels. Critical Reviews in Plant Science. 24:423–459.
Perry, R.W., R. E. Thill, and D. M. Leslie Jr. 2007. Selection of roosting habitat by forest
bats in a diverse forested landscape. Forest Ecology and Management 238:156–
166.
Pettry, D. E. 1977. Soil resource areas of Mississippi. Mississippi Agricultural and
Forestry Experiment Station Information Sheet 1278, Mississippi State, USA.
Riffell, S. K., J. P. Verschuyl, D. A. Miller, and T. B. Wigley. 2011a. Biofuel harvests,
coarse woody debris, and biodiversity—A meta-analysis. Forest Ecology and
Management 261:878–887.
Riffell, S. K., J. P. Verschuyl, D. A. Miller and T. B. Wigley. 2011b. Relationships
between intensive biomass production and biodiversity in North American forests
–a literature review. Technical bulletin no 992. National Council for Air and
Stream Improvement, Research Triangle Park, NC, 76 pp.
30

Skog, K. E. and J. A. Stanturf. 2011. Forest biomass sustainability and availability. In
Sustainable Production of Fuels, Chemicals, and Fibers from Forest Biomass.
ACS Symposium Series. J. Y. Zhu, X. Zhang, and X. Pan (eds.). American
Chemical Society, Washington, DC, pp. 3–25.
Smith, W. B., P. D. Miles, C. H. Perry, and S. A. Pugh. 2009. Forest Resources of the
United States, 2007. Gen. Tech. Rep. WO-78. U.S. Department of Agriculture,
Forest Service, Washington Office, Washington, DC, 336 pp.
Stauffer, D.F. and L.B. Best. 1982. Nest-site selection by cavity nesting birds of riparian
habitats in Iowa. Wilson Bulletin 94:329–337.
Susaeta, A., P. Lal, J. Alavalapati, E. Mercer and D. Carter. 2012. Economics of
intercropping loblolly pine and switchgrass for bioenergy markets in the
southeastern United States. Agroforestry Systems online first, doi:
10.1007/s10457-011-9475-3
Thompson, F. R., III, J. R. Probst, and M. G. Raphael. 1995. Impacts of silviculture:
overview and management recommendations. In Ecology and Management of
Neotropical Migratory Birds: A Synthesis and Review of Critical Issues. T. E.
Martin and D. M. Finch (eds.). Oxford University Press, New York, pp. 201–219.
Ucitel, D., D. P. Christian and J. M. Graham. 2003. Vole use of coarse woody debris and
implications for habitat and fuel management. Journal of Wildlife Management
67:65–72.
Verschuyl, J. P., S. K. Riffell, D. A. Miller and T. B. Wigley. 2011. Biodiversity response
to intensive biomass production from forest thinning in North American forests –
A meta-analysis. Forest Ecology and Management 261:221–232.
Wang, H.-J., P. J. Radtke, S. P. Prisley. 2011. Coarse woody debris in southern United
States loblolly pine plantations: from stand-level to regional scales. Southern
Journal of Applied Forestry 35:161–169.
Wigley, T. B., W. M. Baughman, M. E. Dorcas, J. A. Gerwin, J. W. Gibbons, D.C.
Guynn, R. A. Lancia, Y. A. Leiden, M. S. Mitchell and K. R. Russell. 2000.
Contributions of intensively managed forests to the sustainability of wildlife
communities in the south. In Sustaining Southern Forests: The Science of Forest
Assessment. Durham, North Carolina. November 7-8, 2000. U.S. Department of
Agriculture, Forest Service, Southern Forest Research Assessment. [cited 2012
March 1] Available from http://www.srs.fs.fed.us/sustain/conf/.
Zalesny, Jr., R. S., M. W.Cunningham, R. B. Hall, J. Mirck , D. L. Rockwood, J. A.
Stanturf and T. A. Volk. 2011. Woody biomass from short rotation energy crops.
In Sustainable Production of Fuels, Chemicals, and Fibers from Forest Biomass.
ACS Symposium Series. J.Y. Zhu, X. Zhang, and X. Pan (eds.). American
Chemical Society, Washington, DC, pp. 27-63.
31

Zollner, P. A. and K. J. Crane. 2003. Influence of canopy closure and shrub coverage on
travel along coarse woody debris by eastern chipmunks (Tamias striatus).
American Midland Naturalist 150:151–157.

32

CHAPTER III
BREEDING BIRD COMMUNITY RESPONSE TO ESTABLISHING
INTERCROPPED SWITCHGRASS IN INTENSIVELY
MANAGED PINE STANDS

This chapter was previously published (Loman et al. 2014). Reprinted with
permission from Elsevier (Appendix A).
Economically viable energy sources that reduce carbon emissions and provide
ecosystem services are vital to sustainably meeting global energy needs. Biofuels from
cellulosic feedstocks can help offset carbon emissions from fossil fuel use (Farrell et al.
2006). Unfortunately, production of raw materials for biofuel requires large amounts of
additional land, although estimates as to how much vary widely (Broch et al. 2013,
Warner et al. 2014). Consumption of biofuels has increased dramatically as petroleum
costs have increased in the 2000s. In the U.S., annual biofuel consumption increased
more than 800% from 2000 to 2012 (Energy Information Administration 2014). Novel
land use practices must be developed to produce raw material inputs for biofuels to have
a meaningful impact on energy needs. Additionally, to reduce land use change pressure
and reduce secondary carbon emissions, biofuel feedstock production must shift to
marginal lands, use lands otherwise already in production for other purposes, or use
waste products from existing land use practices (Fargione et al. 2008, Searchinger et al
2008).
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Intercropping in young, managed forest stands creates a system for providing an
annually harvested source of lignin and cellulose from understory species (typically
grass), such as switchgrass (Panicum virgatum) during early rotation and merchantable
forest products from overstory trees later in the rotation (Simmons et al. 2008, Riffell et
al. 2012). Intercropping is one of several emerging regimes for biofuel feedstock
production to produce next-generation biofuels (Groom et al. 2008, Simmons et al. 2008,
Riffell et al. 2011, 2011b, 2012). Alternative sources of feedstocks include collecting
otherwise nonmerchantable woody forest residues, harvesting non-crop herbaceous and
woody vegetation, and growing short-rotation woody crops such as Populus, Eucalyptus,
and Salix in monoculture (Groom et al. 2008, Simmons et al. 2008, Riffell et al. 2011,
2011b, 2012).
Recently, there have been increasing calls for research to understand
environmental sustainability of biofuel production and its implications for biodiversity
conservation (Fargione et al. 2009, Fletcher et al. 2011, Riffell et al. 2012, Robertson et
al. 2012, Ridley et al. 2013). In this study, I examined impacts on bird communities of
intercropping switchgrass in co-culture (hereafter intercropping) within planted rows of
loblolly pine (Pinus taeda) in an operational scale industrial pine forest. Compared to
other animal taxa such as herpetofauna and insects (Landis and Werling 2010, Homyack
et al. 2013), mammals and birds have received more attention as biofuels may influence
existing conservation threats in agricultural and grassland ecosystems (Fargione et al.
2009, Robertson et al. 2011, 2012). Grassland birds have been given high priority within
biofuel research due to their potential susceptibility to further habitat alterations and
current level of conservation concern (Brennan and Kuvlesky 2005, Robertson et al.
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2011). Growing switchgrass in monocultures has been positively associated with many
conservation priority grassland species in the more northern portions of the United States
(Murray and Best 2003, Murray et al. 2003, Roth et al. 2005, Robertson et al. 2011,
2012). However these studies focused on grassland birds and did not address
intercropping switchgrass in forest-dominated landscapes or scrub-successional
associated birds. Potential effects of biofuel production on avian conservation are by no
means unique to grassland birds.
Species dependent on early seral stage forests, including several neotropical
migrants, may also be impacted by biofuel feedstock production regimes (Riffell et al.
2011a) and have also experienced declines across the United States (Sauer and Link
2013, Sauer et al. 2014). Given that planted pine plantations in the southeastern United
States (SE US) constitute 19% of forests and cover 157,000 km2 (Wear and Greis 2011),
widespread adoption of intercropping (or other biofuel production) could potentially
affect bird populations on a regional or national scale (Miller et al. 2009). Bird species
associated with early successional habitat conditions created by forest management
practices in the southeastern United States, such as Northern Bobwhite (Colinus
virginianus), Field Sparrow (Spizella pusilla), Prairie Warbler (Setophaga discolor),
Common Yellowthroat (Geothlypas trichas), Brown Thrasher (Toxostoma rufum) and
Indigo Bunting (Passerina cyanea) (Dickson et al. 1980, 1993) have experienced longterm (1966-2010), continent-level population declines continuing into recent years (20002010; Sauer et al. 2014). Others, such as Yellow-breasted Chat (Icteria virens) and
Eastern Towhee (Pipilo erythrophthalmus), have experienced significant long-term
declines, but population trends have stabilized in recent years (Sauer and Link 2013,
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Sauer et al. 2014). Relatively short rotation times of plantation pine forests in the
southeastern United States help ensure early successional habitat conditions are available
on a proportion of the landscape, and patches will exist for use by scrub-associated bird
species (Wigley et al. 2000, Miller et al. 2009). These landscapes and associated habitat
types are important for early-successional bird species (Wigley et al. 2000, Miller et al.
2009).
There are several mechanisms for intercropping to potentially influence
communities of scrub-successional birds. Introduction of switchgrass and its likely
dominance in the understory alters vegetation structure, floristic composition and
biomass production of forest understory (Iglay et al. 2012b, B. Wheat, unpublished
results) could potentially lead to cascading ecological changes in plant or insect food
availability, nest site selection, movements of both birds and their predators, and bird
perception of habitat quality (Anderson and Shugart 1974, Estades and Temple 1999). All
of these factors may potentially lead to changes in community composition or abundance.
Additional anthropogenic disturbance (e.g., site preparation with heavy machinery)
during planting and from other establishment activities may also discourage use by some
species or favor use by synanthropic species tolerant of disturbance.
Methods
Study Area
I collected data from the beginning of May through the beginning of July during
2011-2013 within the Interior Flatwoods Area and Upper Coastal Plain in Kemper
County, Mississippi, USA (32°52′N, 88°33′W) within stands established and maintained
by Weyerhaeuser Company and Catchlight Energy LLC (CLE; a Chevron and
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Weyerhaeuser joint venture) on a 25,000 ha property owned and managed by
Weyerhaeuser Company. The surrounding landscape was composed mostly (70%) of
intensively managed loblolly pine (Pinus taeda) stands of various age; mature pinehardwood or hardwood (27%) stands primarily along streams, and non-forested areas
(3%). Mean annual temperatures were 15.9C–17.8C (minimum and maximum) and mean
annual precipitation was 140 cm (83–197 cm; National Oceanic and Atmospheric
Administration 2013).
Experimental Design
I used 30, 10-ha study plots within larger intensively managed pine stands.
Twenty-four of the plots were part of an intercropping establishment experiment grouped
into six stands of four 10-ha plots (Loman et al. 2013). Within these stands, three
treatments were assigned randomly, with one treatment, Pine Control, assigned to two
plots in each stand. Treatments were: (1) Pine Control (PC): Weyerhaeuser standard
procedures for site preparation and loblolly pine management with seedlings planted on a
grid with tree spacing 1.5×6.1m (1100 trees x ha-1) and banded herbicide application for
herbaceous weed control on pine tree rows during the first growing season; (2)
Switchgrass Monoculture (SG): non-intercropped, switchgrass monoculture using site
preparation appropriate for seeding establish a grass crop including complete woody
debris removal and fertilizer/herbicide treatments as needed; (3) Intercropped
Switchgrass (IC): intercropped switchgrass within loblolly pine plantation, following site
preparation as with standard management practices, and additionally seeding switchgrass
and more extensive woody debris and stump removal between pine tree rows using a vblade, which pushed debris out of rows to facilitate seeding and germination of
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switchgrass. All of these plots and the stands containing them were created by
clearcutting the existing pine plantation in 2009-10, planting with loblolly pine seedlings
during winter 2010-11, and seeded in switchgrass during spring 2011 and reseeded in
spring 2012. I also included six plots selected from pre-existing intercropped stands with
pine seedlings planted in 2005 and switchgrass seeded in 2009 (separate from but
interspersed among the experimental stands, hereafter referred to as OIC). The OIC plots
had switchgrass harvested and baled annually. Due to lower than expected switchgrass
growth in the IC and PM plots, mowing and baling did not occur on the these plots during
2012. Switchgrass monoculture was used to bracket the other treatments and does not
represent an intended land use practice within the study area.
Point Count Surveys
I used 10-minute point counts following methods of Buckland et al. (2001, 2004)
and Buckland (2006) to survey breeding bird communities. Observers recorded all birds
detected within 10 minutes, recording species, sex and age (juvenile and adult; when
possible), method of detection (visually, auditory detection of male song, or other
auditory detection), time during the survey, radial distance (m) from observer at time of
detection, and flock size if birds were aggregated in a flock and detected concurrently. I
conducted surveys between sunrise and 4 hrs after sunrise. I did not conduct surveys
during inclement weather that could influence detectability or influence individuals’
availability for detection (e.g., wind > 19km/h, rain and heavy fog).
I recorded radial distances of detected birds using the regular grid spacing of
planted pine tree (1.5 x 6.1m) as a reference. This provided an ideal landscape for
distance estimation as observers could simply count the distance to birds along the tree
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planting grid and use the Pythagorean theorem to calculate exact distances. Flat
topography and low vegetation (largely 2D landscape) aided visual confirmation of aural
detections and minimized distance deviations from the regular grid spacing. I used
handheld GPS units to confirm distances when needed.
I surveyed each plot 5 times annually during 7 May and 4 July, 2011-13. Each
survey consisted of three point counts at permanent locations along a diagonal main axis
of the plot which were evenly spaced to minimize overlapping detections from other
point count locations and in such a way to maximize distances from hard edges such as
plot edges and streamside management zones (SMZs – hardwood or pine/hardwood
corridors along streams). In 2011, I sampled PC plots 6 times instead of 5, and sampled
IC plots and SG plots twice because of concurrent switchgrass seeding activities which
precluded counting during some time periods. During 2012 and 2013, I surveyed SG
twice due to limited numbers of detections and to better manage resources. I visited all
SG plots at least weekly through June each year to see if any birds had established
territories or were nesting, and therefore meriting additional point counts. With the
exception of Killdeer (Charadrius vociferus), these plots remained essentially unused by
breeding birds.
Statistical Analyses
I generated density estimates using package Unmarked in R (Fiske and Chandler
2011) to account for heterogeneous detection probabilities among treatment and counts
(i.e., all birds actually present may not have been detected). For each species, I created a
no-covariate detection model and selected the best key function using AIC (Burnham and
Anderson 2010). I then built a candidate model set using fixed effects models. This
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model set included vegetation aspect (1 for OIC plots where observers could not see over
vegetation; 0 in other plots where observers could see over vegetation) and categorical
variables including study year, treatment, treatment x year interaction and stand. I then fit
models and generated model-weighted maximum likelihood estimates of density at the
plot level to account for model selection uncertainty (Burnham and Anderson 2010).
I included 21 species (Table 3.1) in our community analyses based on several
criteria. First, included species had sufficient number of detections to estimate densities at
the plot level and across years (typically >50). Second, individuals had to have an
estimable distance at detection (excluded coursing birds such as Barn and Cliff Swallow
(Hirundo rustica, and Petrochelidon pyrrhonota). Forest birds that entered plots along
the edges for short duration such as Summer Tanager (Piranga rubra) were excluded.
Third, I included breeding species only. Non-breeding migrants (e.g., Purple Martins
[Progne subis]) and lingering wintering or transient birds (e.g., Sedge Wren [Cistothorus
platensis] and Cedar Waxwing [Bombycilla cedrorum]) were excluded. Fourth, included
birds must have had direct interaction with the study plot. I often observed species such
as Turkey Vultures (Cathartes aura) and Red-tailed Hawks (Buteo jamaicensis) but
rarely detected such species perched or actively foraging in plots. Fifth, I only included
individuals not solely confined to SMZs. Many bird species have positive affinity for
SMZs (Dickson et al. 1995) which were prevalent in our study landscape. Although point
count locations were situated within research plots to best avoid SMZs, in some locations
birds could be detected in SMZs.
I modeled sexually monomorphic species using detection of both sexes, and
modeled sexually dimorphic species using male only detections except Eastern Towhee
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(due to tendency of birds to stay in pairs in dense vegetation coupled with similar calls
between males and females) and Brown-headed Cowbird (Molothrus ater) which were
often in flocks (discerning sex was not always possible for all flock members). I assumed
even sex ratios to compare male-only modeled species to both-sex modeled species.
I used total detectability-corrected abundance of birds to compile abundance
estimates for species grouped by migratory status (neotropical migrant, short-distance
migrant or resident) from Poole (2013), habitat association (pine-grassland or forest edge)
following Wilson et al. (1995) and Lane et al. (2011), and Shannon’s Diversity Index
(H’; Hill 1973). Then, I used general linear mixed models as to test effects of treatment
and year and their interaction.
I used a general linear mixed model (Proc Mixed) in SAS 9.2 (SAS Institute,
Cary, NC) to compare differences in Conservation Value Index (CV) among treatments
and years (Littell et al. 2006). To calculate CV, I followed recommendations of Nuttle et
al. (2003) and used Partners in Flight (PIF) ranks for the Southeastern Coastal Plain Bird
Conservation Region (Beissinger et al. 2000, Panjabi et al. 2012, Partners in Flight
Science Committee 2012) as weights and density estimates (detectability corrected)
described above. I used stands as a random effect, year as a repeated measure with
treatment, year, and treatment by year interaction as fixed effects. OIC plots (OIC) were
positioned in the study landscape such that there were three pairs of plots that were close
together, and I considered each of these pairs a stand. I assumed equal variance among
fixed effect levels and Gaussian distributed residuals. I used a compound symmetry
covariance structure for the repeated measures because our data were limited to three
years.
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To further describe community level changes in treatments over time, I used nonmetric multidimensional scaling implemented in the Community Ecology Package
(Package ‘vegan’) in R (Oksanen et al. 2011). I reduced dimensionality to 2 ordination
axes and visually assessed community level trends. I additionally used permutational
multivariate analysis of variance using distance matrices to test for year and treatment
effects (Anderson 2001, McArdle and Anderson 2001). I considered tests significant at α
= 0.10.
Results
Migratory Guilds
Effect of treatment by year interactions on bird abundance were significant for all
migration statuses: neotropical migrants (F6, 43.2 = 94.23, P < 0.01), short-distance
migrants (F6, 43.8 = 333.89, P < 0.01), and residents (F6, 43.3 = 15.32, P < 0.01).
Neotropical migrants were fewer in years one and two in IC and then significantly more
in year three compared to PC (year one: t = 9.14, df = 43.2, P < 0.01, year two: t = 6.40,
df = 43.2, P < 0.01, year three t = 6.16, df = 43.2, P < 0.01). OIC plots were consistently
higher than other treatments in year one for neotropical migrants (Table 3.2). In year two,
neotropical migrants had increased in PC so that OIC plots no longer had more
neotropical migrants (t = 0.78, df = 11.9, P = 1.00), and similarly in year three (t = 1.45,
df = 11.9, P = 0.95). In year three, IC had also increased to the point that neotropical
migrants no longer differed between IC plots and OIC plots (t = 1.45, df = 11.9, P <
0.01). There were fewer neotropical migrants in SG than IC in years two (t = 22.34, df =
43.2, P =) and three (t = 20.36, df = 43.2, P < 0.01).
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Short-distance migrants and residents were initially low in both PC and IC, and
increased in subsequent years, although more slowly in IC (significantly less than PC in
year two for short-distance migrants, t = 3.84, df =43.8, P = 0.02, but not significantly
different for residents, t = 0.60, df = 43.3, P = 1.00). By year three, both species groups
increased and were no longer different between PC and IC for either residents (t = 1.62,
df = 43.3, P = 0.89) or short-distance migrants (t = 1.76, df =43.8, P = 0.82). Residents
and short distance migrants were more abundant in OIC plots than IC within each year
(residents year 1: t = 21.4, df = 14.8, P < 0.01 , year 2: t = 21.04, df = 14.8, P < 0.01, year
3: t = 16.73, df = 14.8, P < 0.01; short distance migrants year 1: t = 22.33, df = 9.04, P <
0.01 , year 2: t = 37.28, df = 9.04, P < 0.01, year 3: t = 14.66 , df = 9.04, P < 0.01).
Residents and short distance migrants were less abundant in SG than IC within each year
except year one (residents year 1: t = 0.92, df = 43.3, P = 1.00, year 2: t = 9.51, df = 43.3,
P < 0.01, year 3: t = 4.13, df = 43.3, P = 0.01; short distance migrants year 1: t = 0.31, df
= 43.8, P = 1.00, year 2: t = 4.79 , df = 43.8, P < 0.01, year 3: t = 9.25, df = 43.8, P <
0.01).
Habitat Association Guilds
Treatment by year interactions for bird abundance were significant for both
habitat preferences: forest edge (F6, 44.4 =146.89, P < 0.01) and pine-grass (F6, 43.2 =
59.98, P < 0.01). Abundance of forest edge species in year one was similar in IC and PC
(t = 3.06, df = 44.4, P = 0.13), less abundant in IC in year two (t = 5.57, df = 44.4, P <
0.01), and then more abundant on IC in year three (t = 3.40, df = 44.4, P = 0.06). For
pine-grassland birds the pattern was similar, except that abundance was not different
between the two treatments in year two or three (year 1: t = 7.74, df = 43.2, P < 0.01,
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year 2: t = 2.33, df = 43.2, P = 0.47, year 3: t = 3.17, df = 43.2, P = 0.10). Older
intercropped was consistently higher than other treatments for all years for forest edge
species, and in year one for pine-grassland species (Table 3.2). In years two and three,
pine-grassland birds had decreased on OIC plots to the point that they were less abundant
than on both PC (year 2: t = 6.73, df = 16, P =; year 3: t = 3.66, df = 16, P = 0.03) and IC
(year 2: t = 5.43, df = 16, P < 0.01; year 3: t = 5.43, df = 16, P < 0.01). There were fewer
edge birds in SG than IC in years two (t = 10.06, df = 44.4 , P < 0.01) and three year (t =
14.39, df = 44.4, P < 0.01 ) and pine-grassland birds in years two (t = 18.26, df = 43.2 , P
< 0.01) and three (year 3, t = 10.55, df = 43.2, P < 0.01).
Diversity and Conservation Value
The overall tests of diversity were significant among treatment and years and their
interaction (F6, 45.5 = 15.32, P < 0.01). However comparisons of diversity (H’) within
years between PC and IC were not significant in any of three years (year 1: t = 1.40, df =
45, P = 0.95; year 2: t = 1.58, df = 45, P = 0.91; year 3: t = 0.12, df = 45, P = 1.00).
Diversity on SG plots was significantly lower in year one than PC (t = 9.36, df = 45, P <
0.01) and IC (t = 7.97, df = 45, P < 0.01), and OIC diversity was significantly higher than
PC (t = 5.04, df = 50.8, P < 0.01) and IC (t = 6.17, df = 50.8, P < 0.01) in year one.
Conservation value indices differed by the interaction of year and treatment (F6,
43.4 =

61.99, P < 0.01; see Figure 3.1). In the first year of establishment, CV was greater

in PC (IC vs. PC: t = 4.92, df = 43.4, P < 0.01). IC CV increased in year two, but was still
less than PC (t = 5.32, df = 43.4, P < 0.01). IC and PC CVs were not different from each
other in year three (t = 2.86, df = 43.4, P = 0.19). CV was greatest in year one and two in
OIC (IC vs. OIC: year 1, t = 16.18, df = 12.9, P < 0.01, year 2: t = 12.03, df = 12.9, P <
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0.01). By year three, OIC CV dropped, and was similar to IC (t = 2.61, df =12.9, P =
0.30). In year one, CV was the same in IC and SG treatments (t = 1.30, df = 43.4, P =
0.97). In year two, CV had increased in all treatments except SG (year 1 vs. year 2: t =
2.38, df = 43.4, P = 0.44). SG remained least in year three and were not higher than in
year two (t = 2.23, df = 43.4, P = 0.54).
Non-metric Multidimensional Scaling
Results of the NMDS ordination mirrored those of the CV index model (see
Figure 3.2). Using two dimensions yielded low stress (0.08) and testing the interaction of
year and treatment within the reduced dimensional space using a permutation test yielded
an R2 = 0.97 (P < 0.01). Several forest edge species scored similarly on both axes and
were tightly grouped, suggesting similar response to treatment and effects of succession.
These were White-eyed Vireo (Vireo griseus), Carolina Wren (Thryothorus
ludovicianus), Eastern Towhee, American Crow (Corvus brachyrhynchos), Carolina
Chickadee (Poecile carolinensis) and Blue Jay (Cyanocitta cristata). Pine-grassland
species including Prairie Warbler, Northern Bobwhite, Indigo Bunting and Field Sparrow
also grouped similarly, again suggesting similar response to treatment and succession.
There were no clear patterns in responses of species based on migratory status.
Grouping due to year and treatment interactions were clearly evident. Switchgrass
monocultures showed low or no use by nearly all species reflected by higher scores on
axis 1 (for which most species scored negatively). Scores for IC and PC in year one
showed bird use was very low, also reflected in positive scores on axis 1. In year two,
both PC and IC showed increased use by most species, reflected by the decrease in both
scores on both axes, although IC lagged behind the rapid increase in use exhibited by PC.
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IC overlapped with PC from year two by year three and were very similar to PC in year
three, which moved very little between years two and three. OIC plots changed little
between successive years and grouped together showing strong response of the several
closely grouped forest edge species.
Discussion
Intercropping influenced bird community composition during initial establishment
of switchgrass intercropping within loblolly pine plantations. Comparisons of diversity
alone did not provide much insight into avian community dynamics of this system.
However, there were strong responses in avian abundance and guilds to intercropping.
The key comparison between IC and PC showed consistently a one to two year lag in
abundance of birds on intercropped switchgrass plots across the different guilds (except
for resident species) until numbers converged in year three (or surpassed in the case of
neotropical migrants). This mirrors results of ordination also showing a similar lag.
There are two possible reasons for this response. First, initial loss of snags and
retained green trees on IC plots caused by intercrop establishment activities (Loman et al.
2013) likely skewed intercropped community composition away from PC due to positive
associations many species have with snags and retained green trees more common on
control plots (Dickson et al. 1983). Retained snags on PC plots (Loman et al. 2013) had
fallen by year three, as these typically have short half-lives particularly in pine
plantations (Moorman et al. 1999), and growth of pines and hardwoods in both treatments
provided nesting substrates leading to a convergence in habitat structure. Second, site
preparation intensity in pine plantations affects bird communities (Lane et al. 2011, Iglay
et al. 2012a). More intensive site preparation on intercropped plots (see Loman et al.
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2013) likely influenced bird communities, both as a direct deterrent to use in years one
and two and in its effects on vegetation communities (B. Wheat, unpublished data) and
potential effects on invertebrate food resources. Importantly, due to low switchgrass seed
viability, additional switchgrass seeding occurred in year two which necessitated
additional site preparation work, including mechanical and chemical disturbance. This
caused a longer delay in vegetation establishment. This may have extended the lag time
duration for bird community convergence following anthropogenic disturbance as birds
generally respond more negatively as site preparation intensity increases (Iglay et al.
2012a). How much this additional seeding influenced bird density within year two is
itself equivocal however, as additional seeding occurred after territory establishment.
After this lag time from disturbance and convergence of some habitat characters,
ecological effects of switchgrass intercropping may be negligible for some omnivorous
organisms (Briones et al. 2013), and bird communities in IC and PC management may
converge for a time. Some research in switchgrass monocultures has documented
decreases in plant diversity (Gardiner et al. 2010), suggesting a potential negative effect
for birds in intercropped settings if diversity is decreased in intercropped stands (given
positive associations of early successional birds in plantations with herbaceous cover
relative to both nest sites and food resources; Conner et al. 2006). However,
intercropping may actually increase plant diversity at the patch level (Iglay et al. 2012b),
and plant diversity has been correlated with both increased insect diversity and bird
diversity (Sample 1989, Haddad et al. 2001, Robertson et al. 2011). It is possible then
that increased insect diversity may offset potential decreases in avian use due to changes
in forest understory (Gardiner et al. 2010). This increase in plant biodiversity at the field
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or landscape scale has also been shown in other biofuel production contexts (Groom et al.
2008, Dauber et al. 2010, Fletcher et al. 2011, Robertson et al. 2012). If switchgrass
intercropping facilitates colonization of additional plant species as research suggests, this
increase in plant diversity may offset effects of localized displacement of preferred shrub
species for early successional birds. The regularity of tree row spacing (1.5m x 6.1m)
also means that there are few if any significantly large areas completely devoid of
shrubby vegetation. These small gaps in shrub vegetation are at spatial scales that may be
too small to affect birds selecting and using habitat at a larger spatial scale.
Despite the convergence in bird community structure following intercropping,
there is no guarantee bird communities will remain similar as stands age. The more open
conditions created by intercropping would most likely be positive for birds in these
systems. Typically, avian diversity decreases as the understory becomes denser until
canopy closure re-opens the understory (Dickson et al. 1993). Silvicultural practices that
open plantation forests’ structure promote understory plant diversity. These include
thinning (Bender et al. 1997, Thysell and Carey 2001) and increased row spacing
(Dickmann et al. 1987, Mihalco 2004, Newmaster et al. 2006) which mimic openings
created by natural disturbances (Parker et al. 2001). Intercropping should maintain more
open pine conditions throughout the life of a stand via removal of encroaching
hardwoods from areas between planted pine beds and promote positive avian response
(Mihalco 2004, Simmons 2007, Lane et al. 2011). This onset of canopy closure and rate
of species turnover with increasing stand age will likely be slowed. Thus, additional
study through the life of a stand is warranted. Decreases in conservation value and
pronounced decreases in abundance of several guilds of birds in OIC plots at stand age
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eight years (year three of this study) in our study was likely the result of increased
shading of understory vegetation, reducing much of the understory vegetation including
sawtooth blackberry (Rubus argutus), an important nesting substrate (Z. Loman
unpublished data). Older intercropped plots showed signs of becoming unsuitable for
switchgrass culture as well, also an expected result of understory shading.
Responses to intercropping switchgrass differed in birds compared with other
vertebrates in this system. Homyack et al. (2013) found herpetofaunal populations and
diversity did not change between intercropping and traditional pine during establishment.
Marshall et al. (2012) concluded there was no change in small mammal community
composition from switchgrass intercropping, although there were differences in species
specific demographic parameters. These results differ from our study in that although
bird populations were initially different on intercropped as compared with control plots,
by year 3 three of the study the community was similar to that of PC treatments.
However, this relationship may change as intercropped versus non-intercropped stands
diverge in structural similarity as succession proceeds in the non-intercropped stands.
Bird responses to monoculture treatment suggest these small (≈ 10 ha) grassland
fields within a forested-dominated landscape may provide few resources for either
breeding grassland or early successional bird species, as was predicted by Robertson et
al. (2012). Small patches are unlikely to provide resources due to area constraint and edge
sensitivity of grassland birds, which have declining patch use with increased woody
cover in the surrounding landscape (Coppedge et al. 2001, Renfrew and Ribic 2008,
Winter et al. 2006). These results differed from studies that found switchgrass
monocultures to be suitable habitat for grassland bird species (Murray and Best 2003,
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Roth et al. 2005, Robertson et al. 2011) likely because these studies were in an
agricultural matrix (unlike the Pine Flatwoods where I worked), and were conducted in
the midwestern U.S., which has a considerably larger species pool of potential breeders.
Additional research on effects of intercropping should focus on population
demography metrics such as nest success, individual outcomes such as adult and
fledgling survival through banding studies, interactions between intercropping and other
conservation issues (e.g., cowbird parasitism). Using bird densities or species richness
alone can sometimes be misleading indicators of habitat quality (Van Horne 1983, Bock
and Jones 2004, Filippi-Codaccioni et al. 2010). Effects of scale, landscape configuration
(Dauber et al. 2010) and harvest schedules (Murray and Best 2003, Roth et al. 2005,
Fargione et al. 2009, Riffell et al. 2012, Robertson et al. 2012) should also be studied.
Research should continue throughout the plantation rotation as changes in stand forest
structure may become pronounced through time. Study outside the breeding season is
also needed. Other grass species under consideration for use in intercropping including
elephant grass (Miscanthus giganteus) and reed canary grass (Phalaris arundinacea)
should be studied. Neither of these species have been studied in the context of
intercropping in the United States as it relates to bird conservation, and different bird
communities will likely respond to these non-native grass species in different ways
(Semere and Slater 2006, Kirsch et al. 2007, Bellamy et al. 2009, Robertson et al. 2011).
If songbird conservation is a management priority, land managers using
intercropping on the landscape should consider abundance reductions within some bird
guilds for up to two years following intercropping, and should not grow switchgrass in
monocultures in a forest matrix. However, how these abundance relationships will
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change as stands age is unclear or outside of the breeding season and may be beneficial
over the longer term for some early successional species
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Table 3.1

Species detected during breeding bird point county surveys.

Species
American Crow
Brown-headed Cowbird
Blue Grosbeak
Blue Jay
Brown Thrasher
Carolina Chickadee
Carolina Wren
Common Yellowthroat
Eastern Kingbird
Eastern Towhee
Field Sparrow

a

Gray Catbird
Indigo Bunting
Northern Bobwhite
Northern Cardinal
Northern Mockingbird
Orchard Oriole
Prairie Warbler
Red-bellied
Woodpecker
White-eyed Vireo
Yellow-breasted Chat

Corvus
brachyrhynchos
Molothrus ater
Passerina caerulea
Cyanocitta cristata
Toxostoma rufum
Poecile carolinensis
Thryothorus
ludovicianus
Geothlypas trichas
Tyrannus tryrannus
Pipilo
erythrophthalmuus
Spizella pusilla
Dumetella
carolinesis
Passerina cyanea
Colinus virginianus
Cardinalis cardinalis
Mimus polyglottos
Icterus spurious
Setophaga discolor
Melanerpes
carolinus
Vireo griseus
Icteria virens

AOU
code

Sex
Modeleda

PIF
Rankb

Migrant
Statusc

Habitatd

AMCR
BHCO
BLGR
BLJA
BRTH
CACH

Both
Both
Males
Both
Both
Both

1
1
1
1
2
1

S
S
N
S
S
R

FE
FE
PG
FE
---

CARW
COYE
EAKI

Both
Males
Both

1
1
3

R
N
N

FE
FE
PG

EATO
FISP

Both
Males

3
3

S
S

FE
PG

GRCA
INBU
NOBO
NOCA
NOMO
OROR
PRAW

Both
Males
Males
Males
Both
Males
Males

1
1
3
1
1
1
3

N
N
R
R
R
N
N

FE
PG
PG
FE
FE
FE
PG

RBWO
WEVI
YBCH

Both
Both
Both

1
1
1

R
N
N

-FE
FE

Density for Males only modeled species were multiplied by two, thereby assuming an
even sex ratio.
b
PIF Rank calculated from Nuttle et al. (2003) for Southeastern Coastal Plain Bird
Conservation Region.
c
Migratory status abbreviations: N- Neotropical migrant, S- Short distance migrant, Rresident.
d
Preferred habitat type abbreviations: PG- pine-grassland, FE- forest edge, I-forest
interior.
Species detected during breeding bird point county surveys to examine response of avian
communities to standard pine silviculture, pine intercropped with switchgrass, and pure
switchgrass stands for which sufficient sample size existed to estimate densities,
including: whether detections were based on males only, Partners in Flight (PIF) rank,
migratory status, and habitat association used in GLMM. Species without a habitat
association were not used in habitat guild analyses. I collected data during spring 20112013 in Kemper County, Mississippi, USA
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Table 3.2

Mean and standard error absolute density and diversity estimates of adult
birds*0.01 km-1 (both sexes) corrected for detectability, grouped by
migratory status and preferred habitat association.

Guild

Migratory habit
Neotropical
migrant

Short-distance
migrant

Resident
Habitat
association
Forest edge

Pine-grassland

Diversity (H')
a

Year

Treatmenta
IC
Mean
SE

OIC
Mean

SE

PC
Mean

SE

SG
Mean

SE

1
2
3

1.59Ab
20.6A
21.2A

0.98
0.98
0.98

24.55B
27.05B
18.82AB

1.38
1.38
1.38

8.86C
25.73B
16.37B

0.98
0.98
0.98

0.12A
2.85C
5.07C

0.98
0.98
0.98

1
2
3

0.36AB
2.28A
3.86A

0.52
0.52
0.52

20.44C
35.79B
17.04B

0.73
0.73
0.73

1.29A
3.41C
3.34A

0.52
0.52
0.52

0.27B
0.87D
1.13C

0.52
0.52
0.52

1
2
3

0.62A
7.45A
5.21A

0.73
0.73
0.73

27.67B
34.05B
26.37B

1.03
1.03
1.03

1.95A
7.85A
6.3A

0.73
0.73
0.73

0.01A
1.06C
2.44C

0.73
0.73
0.73

1
2
3

0.87A
10.47A
15.54A

0.80
0.80
0.80

44.74B
79.81B
50.25B

3.37C
15.01C
12.76C

0.80
0.80
0.80

0.31A
2.25D
3.79D

0.80
0.80
0.80

1
2
3
1
2
3

1.70A
19.03A
13.08A
1.85A
2.31A
2.56A

0.94
0.94
0.94
0.07
0.07
0.07

14.38B
10.20B
4.26B
2.59B
2.51A
2.36A

1.13
1.13
1.13
`
1.33
1.33
1.33
0.10
0.10
0.10

8.70C
21.14A
10.21A
1.99A
2.46A
2.55A

0.94
0.94
0.94
0.07
0.07
0.07

0.08A
2.52C
3.54B
1.08C
2.23A
2.55A

0.94
0.94
0.94
0.07
0.07
0.07

Treatment abbreviations: IC-Intercropped switchgrass, OIC-Older intercropped, PCPine Control, SG-switchgrass monoculture.
b
Within year significant groups among treatments are denoted with capital letters.
Birds sampled 2011-2013, in privately owned loblolly pine plantation, Kemper Co., MS.
Significant groups generated using Tukey-Kramer P value adjustment with α = 0.05.
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Figure 3.1

Conservation Value indices in response to switchgrass intercropping.

Conservation Value indices weighted by PIF Southeastern coastal plain bird conservation
region ranks created from detectability-corrected absolutely densities of 21 scrubsuccessional associated birds in response to switchgrass intercropping, Kemper Co., MS
2011-2013. Significant groups are denoted with letters above bars and are within each
year. SG is switchgrass monoculture plots, PC is standard management pine control plots,
IC is pine intercropped with switchgrass plots, OIC is intercropped plots established prior
to the study, year 1 is 2011, 2 is 2012 and 3 is 2013.
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Figure 3.2

First two axes of non-metric multidimensional scaling of community
response for breeding scrub-successional associated birds in response to
switchgrass intercropping.

Kemper Co., MS 2011-2013. SG is switchgrass monoculture plots, PC is standard
management pine controls, IC is intercropped plots, OIC is intercropped plots established
prior to the study, year 1 is 2011, 2 is 2012 and 3 is 2013. Arrows indicate change from
year 1 to year 2, and year 2 to 3, color coded for each treatment respectively.

55

Literature Cited
Anderson, M. J. 2001. A new method for non-parametric multivariate analysis of
variance. Austral Ecology 26:32–46.
Beissinger, S. R, J. M. Reed, J. M. Wunderle Jr., S. K. Robinson and D. M. Finch. 2000.
Report of the AOU Conservation Committee on the Partners in Flight species
prioritization plan. Auk 117:549–561.
Bellamy, P. E., P. J. Croxton, M. S. Heard, S. A. Hinsley, L. Hulmes, S. Hulmes, P.
Nuttall, R. F. Pywell and P. Rothery. 2009 The impact of growing miscanthus for
biomass on farmland bird populations. Biomass and Bioenergy 33:191–199.
Bender, L. C., D. L. Minnis and J. B. Haufer. 1997. Wildlife response to thinning red
pine. Northern Journal of Applied Forestry 14:141–146.
Bock, C. E. and Z. F. Jones. 2004. Avian habitat evaluation: should counting birds count?
Frontiers in Ecology and the Environment 2:403–410.
Brennan, L. A. and W. P. Kuvlesky Jr. 2005. North American grassland birds: an
unfolding conservation crisis. Journal of Wildlife Management 69:1–13.
Briones, K. M., J. A. Homyack, D. A. Miller and M. C. Kalcounis-Rueppell. 2013.
Intercropping switchgrass with loblolly pine does not influence the functional role
of the white-footed mouse (Peromyscus leucopus). Biomass and Bioenergy
54:191–200.
Buckland, S.T. 2006. Point-transect surveys for songbirds: robust methodologies. Auk
123:345-357.
Buckland, S. T., D. R. Anderson, K. P. Burnham, J. L. Laake, D. L. Borchers and L.
Thomas. 2001. Introduction to distance sampling. Oxford U. Press, New York.
—.2004. Advanced distance sampling: estimating abundance of biological populations.
Oxford U. Press, NY.
Burnham, K. P. and D. R. Anderson. 2010. Model selection and multimodel inference. A
practical information-theoretic approach. Second Edition. Springer, New York.
Conner, R. N., D. Saenz and D. B. Burt. 2006. Food for early succession birds:
relationships among arthropods, shrub vegetation, and soil. Bulletin of the Texas
Ornithological Society 39:3–7.
Coppedge, B. R., D. M. Engle, R. E. Masters and M. S. Gregory. 2001. Avian response to
landscape change in fragmented southern Great Plains grasslands. Ecological
Applications 11:47–59.
56

Dauber, J., M. B. Jones and J. C. Stout. 2010. The impact of biomass crop cultivation on
temperate biodiversity. Global Change Biology Bioenergy 2:289–309.
Dickmann, I., J. O’Neill, N. Caveney. 1987. Wide-spaced red pine: a multiple use
opportunity. Northern Journal of Applied Forestry 4:44–55.
Dickson, J. G., R. N. Conner and J. H. Williamson, 1983. Snag retention increases bird
use of a clear-cut. Journal of Wildlife Management 47:799–804.
—.1993. Neotropical Migratory Bird communities in a developing pine plantation.
Proceedings of the Annual Conference of Southeastern Association of Fish and
Wildlife Agencies 47:439–446.
Dickson, J. G., R. N. Conner, J. H. Williamson and W. J. Howard. 1980. Relative
abundance of breeding birds in forest stands in the southeast. Southern Journal of
Applied Forestry 4:174–179.
Dickson, J. G., J. H. Williamson, R. N. Conner and B. Ortego. 1995. Streamside zones
and breeding birds in eastern Texas. Wildlife Society Bulletin 23:750–755.
Fargione, J. E., T. R. Cooper, D. J. Flaspohler, J. Hill, C. Lehman, T. McCoy, S.
McLeod, E. J. Nelson, K. S. Oberhauser and D. Tilman. 2009. Bioenergy and
wildlife: threats and opportunities for grassland conservation. Bioscience 59:
767–777.
Filippi-Codaccioni, O., V. Devictor, Y. Bas and R. Julliard. 2010. Toward more concern
for specialisation and less for species diversity in conserving farmland
biodiversity. Biological Conservation 143:1493–1500.
Fiske, I. and R. Chandler. 2011. An R package for fitting hierarchical models of wildlife
occurrence and abundance. Journal of Statistical Software 43:1–23.
Fletcher, R. J. Jr., B. A. Robertson, J. Evans, P. J. Doran, J. R. R. Alavalapati and D. W.
Schemske. 2011. Biodiversity conservation in the era of biofuels: risks and
opportunities. Frontiers in Ecology and the Environment 9:161–168.
Gardiner, M. M., J. K. Tuell, R. Isaacs, J. Gibbs, J. S. Ascher and D. A. Landis. 2010.
Implications of three model biofuel crops for beneficial arthropods in agricultural
landscapes. BioEnergy Research 3: 6–19.
Groom, M. J., E. M. Gray and P. A. Townsend. 2008. Biofuels and biodiversity:
principles for creating better policies for biofuel production. Conservation
Biology 22:602-609.
Haddad, N. M., D. Tilman, J. Haarstad, M. Ritchie and J. M. H. Knops. 2001.
Contrasting effects of plant richness and composition on insect communities: a
field experiment. American Naturalist 158:17–35.
57

Hill, M. O. 1973. Diversity and evenness: a unifying notation and its consequences.
Ecology 54:427–432.
Homyack, J. A., Z. Aardweg, T. A. Gorman and D. R. Chalcraft. 2013. Initial effects of
woody biomass removal and intercropping of switchgrass (Panicum virgatum) on
herpetofauna in eastern North Carolina. Wildlife Society Bulletin 37:327–335.
Iglay, R. B., S. Demarais, T. B. Wigley and D. A. Miller. 2012a. Bird community
dynamics and vegetation relationships among stand establishment practices in
intensively managed pine stands. Forest Ecology and Management 283:1–9.
Iglay, R. B., S. K. Riffell, D. A. Miller and B. D. Leopold. 2012b. Effects of switchgrass
intercropping and biomass harvesting on plant communities in intensively
managed pine stands. Proceedings from Sun Grant National Conference: Science
for Biomass Feedstock Production and Utilization. [cited 2013 August 20]
Available from
http://sungrant.tennessee.edu/NatConference/ConferenceProceedings/.
Kirsch, E. M., B. R. Gray, T. J. Fox and W. E. Thogmartin. 2007. Breeding bird territory
placement in riparian wet meadows in relation to invasive reed canary grass,
Phalaris arundinacea. Wetlands 27:644–655.
Lane, V. R., K. V. Miller, S. B. Castleberry, R. J. Cooper, Darren A. Miller, T. B.
Wigley, G. M. Marsh, and R. L. Mihalco. 2011. Bird community responses to a
gradient of site preparation intensities in pine plantations in the Coastal Plain of
North Carolina. Forest Ecology and Management 262:1668–1678.
Littell, R. C., G. A. Milliken, W. W. Stroup, R. D. Wolfinger and O. Schabenberger.
2006. SAS© for Mixed Models. Second edition. SAS Institute, Cary, North
Carolina, USA.
Loman, Z. G., S. K. Riffell, D. A. Miller, J. A. Martin and F. J. Vilella. 2013. Site
preparation for switchgrass intercropping in loblolly pine plantations reduces
retained trees and snags, but maintains downed woody debris. Forestry 86:353–
360.
Loman, Z. G., S. K. Riffell, B. R. Wheat, D. A. Miller, J. A. Martin and F. J. Vilella.
2014. Breeding bird community response to establishing intercropped switchgrass
in intensively-managed pine stands. Biomass and Bioenergy 67:201–211.
Marshall, M. M., K. E. Lucia, J. A. Homyack, D. A. Miller and M. C. KalcounisRueppell 2012. Effect of removal of woody biomass after clearcutting and
intercropping switchgrass (Panicum virgatum) with loblolly pine (Pinus taeda) on
rodent diversity and populations. International Journal of Forestry Research
2012:1–12.
58

McArdle, B. H. and M. J. Anderson. 2001. Fitting multivariate models to community
data: A comment on distance-based redundancy analysis. Ecology 82:290–297.
Mihalco, R 2004. The effects of regeneration management in pine plantations on
vegetation, small mammal, and avian communities on the coastal plain of North
Carolina. Master’s Thesis. University of Georgia, Athens. 109 pp.
Miller, D. A, T. B. Wigley and K. V. Miller. 2009. Managed forests and conservation of
terrestrial biodiversity in the Southern United States. Journal of Forestry 107:197–
203.
Moorman, C. E., K. R. Russell, G. R. Sabin and D. C. Guynn Jr. 1999. Snag dynamics
and cavity occurrence in the South Carolina Piedmont. Forest Ecology and
Management 118:37–48.
Murray, L. D. and L. B. Best. 2003. Short-term response to harvesting switchgrass for
biomass in Iowa. Journal of Wildlife Management 67:611–621.
Murray, L. D., L. B. Best, T. J. Jacobsen and M. L. Braster. 2003. Potential effects on
grassland birds of converting marginal cropland to switchgrass biomass
production. Biomass and Bioenergy 2:167–175.
National Oceanic and Atmospheric Administration. 2013. Climate normals. U.S. National
Oceanic and Atmospheric Administration, Southern Regional Climate Center,
Baton Rouge, LA. [cited 2013 September 20] Available from
http://www.srcc.lsu.edu/.
Newmaster, S. G., F. W. Bell, C. R. Roosenboom, H. A. Cole and W. D. Towill. 2006.
Restoration of floral diversity through plantations on abandoned agricultural land.
Canadian Journal of Forest Research 36:1218–1235.
Nuttle, T., A. Leidolf, L. W. Burger Jr. 2003. Assessing conservation value of bird
communities with Partners in Flight-based ranks. Auk 120:541–549.
Oksanen, J, F. G. Blanchet, R. Kindt, P. Legendre, P. R. Minchin, R. B. O'Hara, G. L.
Simpson, P. Solymos, M. H. H. Stevens and H. Wagner. 2011. vegan: Community
Ecology Package. R package version 2.0-1. [cited 2013 July 20] Available from
http://CRAN.R-project.org/package=vegan
Panjabi, A. O., P. J. Blancher, R. Dettmers and K. V. Rosenberg. 2012. Partners in Flight
Technical Series No. 3. Rocky Mountain Bird Observatory. [cited 2013 August 5]
Available from: http://www.rmbo.org/pubs/downloads/Handbook2012.pdf
Parker, W. C., K. A. Elliott, D. C. Dey, E. Boysen and S. G. Newmaster. 2001. Managing
succession in conifer plantations: converting young red pine (Pinus resinosa Ait.)
plantations to native forest types by thinning and underplanting. Forestry
Chronicl, 77:721–733.
59

Partners in Flight Science Committee. 2012. Species Assessment Database, version 2012.
[cited 2013 August 5] Available from http://rmbo.org/pifassessment
Poole, A. 2013. Birds of North America Online. Cornell Laboratory of Ornithology,
Ithaca, NY. [cited 2013 August 5] Available from
http://bna.birds.cornell.edu/BNA/
Renfrew, R. B., C. A. Ribic. 2008. Multi-scale models of grassland passerine abundance
in a fragmented system in Wisconsin. Landscape Ecology 23:181–193.
Ridley, C. E., H. I. Jager, C. M. Clark, R. A. Efroymson, C. Kwit, D. A. Landis, Z. H.
Leggett and D. A. Miller. 2013. Debate: Can bioenergy be produced in a
sustainable manner that protects biodiversity and avoids the risk of invaders?
Bulletin of the Ecological Society of America 94:277–290.
Riffell, S., J. Verschuyl, D. Miller, T. B. Wigley. 2011a. A meta-analysis of bird and
mammal response to short-rotation woody crops. Global Change Biology
Bioenergy, 3:313–321.
Riffell, S. K., J. K. Verschuyl, D. A. Miller and T. B. Wigley. 2011b. Biofuel harvests,
coarse woody debris, and biodiversity—A meta-analysis. Forest Ecology and
Management 261:878–887.
Riffell, S., J. Verschuyl, D. Miller and T. B. Wigley. 2012. Potential biodiversity
response to intercropping herbaceous biomass crops on forest lands. Journal of
Forestry 110:42–47.
Robertson, B. A., P. J. Doran, E. R. Loomis, J. R. Robertson and D. W. Schemske. 2011.
Perennial biomass crops enhance avian biodiversity. Global Change Biology
Bioenergy 3:235–246.
Robertson, B. A., R. A. Rice, T. S. Sillett, C. A. Ribic, B. A. Babcock, D. A. Landis, J. R.
Herkert, R. J. Fletcher Jr., J. J. Fontaine, P. J. Doran and D. W. Schemske. 2012.
Are agrofuels a conservations threat or opportunity for grassland birds in the
United States? Condor 114:679–688.
Roth, A. M., D. W. Sample, C. A. Ribic, L. Paine, D. J. Undersander and G. A. Bartelt
2005. Grassland bird response to harvesting switchgrass as a biomass energy
crop. Biomass and Bioenergy 28:490–498.
Sample, D. W. 1989. Grassland birds in southern Wisconsin: Habitat preference,
population trends, and response to land use changes. Master’s thesis. University
of Wisconsin, Madison 874 pp.

60

Sauer, J. R., J. E. Hines, J. E. Fallon, K. L. Pardieck, D. J. Ziolkowski Jr. and W. A. Link
2012. The North American Breeding Bird Survey, results and analysis 1966 2011. Version 07.03.2013. USGS Patuxent Wildlife Research Center, Laurel,
MD. [cited 2013 August 5] Available from http://www.mbr-pwrc.usgs.gov/bbs/
Sauer, J. R., W. A. Link 2011. Analysis of the North American Breeding Bird Survey
using hierarchical models. Auk 128:87–98.
Semere, T. and F. M. Slater. 2006. Ground flora, small mammal and bird species
diversity in miscanthus (Miscanthus giganteus) and reed canary-grass (Phalaris
arundinacea) fields. Biomass and Bioenergy 31:20–29.
Simmons, B. A., D. Loque and H. W. Blanch. 2008. Next-generation biomass feedstocks
for biofuel production. Genome Biology 9:242.1–242.6.
Simmons, R. P. 2007. The effects of precommercial thinning and midstory-control on the
flora and fauna of young longleaf pine plantations. PhD dissertation. University of
Georgia, Athens, 87 pp.
Thysell, D. R. and A. B. Carey. 2001. Manipulation of density of P. menziesii canopies:
preliminary effects on understory vegetation. Canadian Journal of Forest Research
31:1513–1525.
Van Horne, B. 1983. Density as a Misleading Indicator of Habitat Quality. Journal of
Wildlife Management 47:893–901.
Wear, D. N. and Greis J. G. 2012. The Southern forest futures project: summary report.
General technical report SRS-168. U.S. Department of Agriculture, Forest
Service, Southern Forest Research Assessment. [cited 4 November 2013].
Available from http://www.srs.fs.fed.us/pubs/gtr/gtr_srs168.pdf.
Wigley, T. B., W. M. Baughman, M. E. Dorcas, J. W. Gibbons, D. C. Guynn, Jr., R. A.
Lancia, Y. A. Leiden, M. S. Mitchell and K. R. Russell. 2000. Contributions of
intensively managed forests to the sustainability of wildlife communities in the
south. In Sustaining Southern Forests: The Science of Forest Assessment.
Durham, North Carolina. November 7-8, 2000. U.S. Department of Agriculture,
Forest Service, Southern Forest Research Assessment. [cited 2012 March 1]
Available from http://www.srs.fs.fed.us/sustain/conf/
Wilson, C. W., R. E. Masters and G. A. Bukenhofer. 1995. Breeding bird response to
pine grassland community restoration for red-cockaded woodpeckers. Journal of
Wildlife Management 59:56–67.
Winter, M., D. H. Johnson, J. A. Shaffer, T. M. Donovan and W. D. Svedarsky. 2006.
Patch size and landscape effects on density and nesting success of grassland birds.
Journal of Wildlife Management 70:158–172.
61

CHAPTER IV
NEST SURVIVAL MODELING USING A MULTI-SPECIES APPROACH IN
FORESTS MANAGED FOR TIMBER AND BIOFUEL FEEDSTOCK

The paradigm applied to modeling nest survivorship in bird communities has
largely been a species-by-species approach, whereby species are taken individually (or
sometimes simply aggregated), candidate models are built containing parameters
hypothesized to affect nest survivorship, models are evaluated for each species, and then
conclusions are drawn as to importance of various parameters affecting nest survival at
the individual species level (Dinsmore et al. 2002, Shaffer 2004, for examples see
Weatherhead et al. 2010, Shake et al. 2011). There is a pending paradigm shift to a multispecies, community approach (Royle and Dorazio 2008) using models that share
information among species and within guilds. These models use Bayesian
hyperparameters (e.g., Ruiz-Gutiérrez 2010, Zipkin et al. 2009, 2012, Iknayan et al.
2014) derived from species occupancy modeling and extensions thereof (e.g., abundance
models; Yamaura et al. 2012). This method has implementation and pragmatic
advantages to a species-by-species approach. This provides an advantage that combined
responses for groups of species can be estimated thereby allowing for informed
management when target species groups are to be considered against each other in
decision making (Sauer et al. 2013). Using a single-species approach to conservation
management, often embedded within other concepts such as umbrella, flagship, indicator
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and keystone species, has engendered decades of debate as to the relative merits of its
use, as compared to ecosystem management or community-level approaches (Landres et
al. 1988, Simberloff 1998, Douglas and Veríssimo 2013). Regardless of the philosophical
camp one falls in, modeling a single-species approach to nest survival undoubtedly
provides an incomplete understanding of how nest failure and predation events are likely
correlated within a landscape for sympatric species in any but the most idealized or
simplified communities (Martin 1988b). In cases such as the one I present in this chapter,
multiple species nest in the same areas, with similar size nests, similar placement, similar
patterns of parental provisioning, and within the same or similar nest substrates. It is
reasonable to assume that, within nesting guilds, that nest survivorship among species
falls along a gradient of responses originating from some overarching meta-distribution
which affects species both as nesting guild member and individually due to unique
ecology of particular species. Therefore a model which assumes no correlation between
nesting guild members or among species within the community is discarding information
that could be shared, primarily to benefit parameter estimation for rarely detected species.
Methodological approaches to dealing with community level nest survival, would provide
a more realistic understanding of nesting dynamics in ecosystems, but are lacking.
Nest survival rates of sympatric species are likely correlated via predator
communities in several ways. When a predator preys on multiple species, density of other
species’ nests (or even non-avian prey) may affect predator behavioral response and lead
to changes in nest survival for a separate species of interest, as has been documented with
mammalian predators (e.g., Summers and Underhill 1987, Hogstad 1995, Ackerman
2002). In addition to mammals, snakes are an important contributor to nest failure
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(Weatherhead and Blouin-Demers 2004, Thompson and Ribic 2012). When viewed from
the perspective of the predator, snake predation events may be largely independent of
prey nest species within the open-nesting songbirds (Weatherhead and Blouin-Demers
2004, Weatherhead et al. 2010). Some predators predate songbird nests as secondary prey
items or as incidental encounters (Schmidt et al. 2001). Severe weather such as drought
(e.g., George et al. 1992) or other density independent events, such as periodic flooding
in coastal marshes (Greenberg et al. 2006), are also likely to be species independent to a
large extent and provide an additional correlative link among species nest outcomes. In
these cases, nest placement effects may be similar among species.
A pragmatic argument against a species-by-species approach is that competition
for nest sites will lead to co-occurring species tending towards narrow criteria for
selecting sites and placing nests through competitive exclusion (Hardin 1960). Only using
nests available on the landscape at the single species level will provide an insufficient
gradient in the metrics of nests placement to fully understand effects of poor placement
on survival, as poorly placed nests will have been selected against and few will occur on
the landscape (Latif et al. 2012). This problem has long been recognized by researchers
using artificial nest studies (Moore and Robinson 2004) and those that compare nests
points to random points (e.g., Misenhelter and Rotenberry 2000). Using a community
approach however, there will likely be species that have reached other optima within the
adult survivorship-fecundity tradeoff, potentially select less optimal sites, be forced to
less satisfactory nest sites as a result of dominance relationships with other species, or
otherwise select a wider or different range of nest placements for any of a number of
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possible species specific differences, and thereby lead to better understanding of the full
spectrum of predator response to nest placement (Martin 1988a, 1995).
I employed the multispecies approach to modeling nest survival using a Bayesian
hierarchical model to examine the effects of switchgrass intercropping, a novel forest
management practice, for the entirety of open-nesting songbirds for which I found nests.
Intercropping switchgrass involves seeding switchgrass in between rows of production
pine trees and is a biofuel feedstock production regime intended to generate cellulosic
feedstocks for co-firing in energy plants, or producing biofuels. Intercropping following
clearcut harvest in pine forests provides an annually harvested source of lignin and
cellulose (Riffell et al. 2012) during early stand rotation and forest products from
overstory trees from thinning and final harvest later in the rotation. Intensively managed
loblolly pine-dominated landscapes, and associated habitat types, are important for earlysuccessional bird species, and relatively short rotation times maintain early successional
habitat conditions continually on a proportion of the landscape (Wigley et al. 2000,
Miller et al. 2009).
Intercropping may influence bird nesting through promotion of this native grass to
a co-dominant position in the understory, thereby altering vegetation structure, floristic
composition and biomass production, all potentially altering nest site selection or
outcomes (Iglay et al. 2012, B. Wheat unpublished results). Changes in plant or insect
food availability, movements of both birds and their predators, and bird perception of
habitat quality all may change nest survival in intercropped forests. Disturbance from site
preparation with heavy machinery may also discourage use by some species, alter nest
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placement, change response to predators, alter foraging efficiency, or favor use by
synanthropic species (Francis et al. 2009, Barber et al. 2010, Loman et al. 2014).
Methods
Study Site
I collected data in Kemper County, Mississippi, USA (32°52′N, 88°33′W) from
April through August during 2011-2013. I used forest stands within a 25,000 ha property
owned and managed by Weyerhaeuser Company, and which were established and
maintained by Weyerhaeuser Company and Catchlight Energy LLC (CLE; a Chevron
and Weyerhaeuser joint venture). The surrounding landscape cover was 70% intensively
managed loblolly pine (Pinus taeda) stands of various age; 27% mature pine-hardwood
or hardwood stands and 3% non-forested areas. Annual temperatures were 15.9C–17.8C
(mean minimum and maximum) and annual precipitation was 140 cm (mean; range 83–
197 cm; National Oceanic and Atmospheric Administration 2013).
Experimental Design
I used 24, 10-ha study plots within larger intensively managed pine stands.
Eighteen plots were part of an intercropping establishment experiment grouped into six
stands each consisting of three 10-ha plots. Treatments were assigned randomly within
each of these stands. Traditional Pine (PC), the control treatment, was assigned to two
plots in each stand, and used standard Weyerhaeuser silvicultural treatments for site
preparation and loblolly pine management. Pine seedlings were planted on a grid with
tree spacing 1.5×6.1m (1100 trees x ha-1) with trees planted on raised beds. The
intercropped switchgrass (IC) treatment was established following site preparation used
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in standard management practices with additional seeding of switchgrass in between beds
of pine trees with the interbed area disked prior to seeding. The remaining six of 24 plots
were selected from older pre-existing intercropped stands (hereafter “older intercropped,
or OIC”) where switchgrass was established in 3 year old pine plantations rather than at
time of planting. These stands were planted with pine seedlings in 2005, and had
switchgrass seeded in 2009. There were six unused plots (one per stand) constituting
another treatment (switchgrass monoculture) that was excluded from these analyses due
to lack of bird use and nesting (Loman et al. 2013, Loman et al. 2014). For more
information about treatments and biofuel harvest schedules, see Loman et al. (2013,
2014).
Nest Searching And Data Collection
I searched study plots weekly for nests of all songbird (Order Passeriformes),
woodpecker (Family Picidae) and dove (Family Columbidae) species present. Additional
nests were found opportunistically during the course of other research activities (e.g.,
while checking nests). Nests locations were recorded with handheld GPS units and were
monitored every three to four days until fledging or nest failure or abandonment. I
observed and recorded species, date, time of day, nest contents, nest phenological stage,
cowbird parasitism, and evidence of predation events, other nest failure, and nest
fledging. I recorded nest placement and vegetation structural information (see below)
following cessation of activity at each nests. Nest searching commenced at the end of
April (earliest nest found 25 April) and continued through the beginning of July (latest
nest found 4 July).
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Nest Survival Covariates
I selected nest placement covariates from the literature likely to influence nest
survival for open nesting birds for a wide range of the bird species in this study. These
included canopy cover (e.g., Koenig et al. 2007), vegetation density and shrub cover
(e.g., Klug et al. 2010), phenological stage (e.g., Stake et al. 2005) and nest height
(Martin 1993). I also included switchgrass ground cover as I was directly interested in
understanding if intercropping affected nest success at the local site level. I used these to
generate a model of daily nest survival. I measured and recorded understory vegetation
density using a vertical profile board (Nudds 1977) using four measurements spaced 90°
apart radially, with two measurement parallel to, and two measurements perpendicular to,
planted pine rows. I measured nest height (m) from the ground to nest rim. I recorded
overhead canopy cover at each nest using a handheld spherical densiometer (Lemmon
1956).I used percent of ground cover of both switchgrass and ground cover of woody and
semiwoody shrubs surrounding nests. I used two categorical levels to capture changes in
survivorship with age via nesting phenological stage based on nest contents since last
observation: eggs (laying and incubation) and nestlings. I characterized birds into four
post-hoc guilds based on observed nesting habit (Simberloff and Dayan 1991). Following
Root’s (1967) definition of a guild, I specified the guild-defining resource as nesting
substrate and vegetation structure in which nests were placed. The four guilds were then
defined by the constituent species’ use of that resource and were grouped into: 1) cup
nesting primarily associated with shrub habitat types; 2) large-bodied stick nesting birds
(Family Mimidae) primarily associated with shrub habitat types; 3) primarily mature tree
nesting birds; and 4) birds with nests placed high up with little attempt to conceal nests or
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sometimes with conspicuous nest placements – these bird species apparently rely on
other mechanisms rather than solely hiding nests to avoid predation (dummy nests in
Orchard Orioles (Icterus spurius), and aggressive nest defense in Eastern Kingbirds
(Tyrannus tyrannus). I excluded cavity nesting species from analyses, because one of the
assumptions of hypercommunity models is that species’ responses to independent
variables must have been possibly derived from a common distribution, which is unlikely
with open nesting species versus cavity nesters.
Analysis
In Bayesian analyses, the prior probability distribution expresses our uncertainty
or previous knowledge about a parameter of interest. Often we use expert opinion, results
of past studies, or uninformative priors as a basis for our prior knowledge about a
parameter (LeSaffre and Lawson 2012). In this study, I instead used a community model,
“hyperprior” approach. These models loosen the restrictive ability of priors to represent
prior knowledge by specifying parameters of the prior distribution as random variables to
be estimated from a probability distribution, which is then referred to as a hyperprior or
hierarchical prior with parameters to be estimated (Lesaffre and Lawson 2012). In this
context, I was able to specify (guild specific) normally distributed prior means and
gamma distributed variance for each predictor variable, thereby linking species responses
through this modeled hyperprior. I assumed a probability distribution (in this case,
normally distributed mean and gamma distributed precision) that describes nest survival
of species that constituted each bird guild. Essentially, there is a distribution of survival
values that describe guild member’s nest survival along a normal probability distribution.
In other words, most species within a guild (e.g., cup-nesting birds) will have similar nest
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survival, but some species will have better and some will have worse, and we can
approximate this variation along a normal curve due to the central limit theorem. Fitting
the parameters that describe this curve then forms the basis for our previous information
we use as the prior distribution for modeling effect of different microsite or biofuel
treatment parameters that affect nest survivorship for each individual species within the
respective nesting guilds.
I expanded the logic of the logistic exposure method (Shaffer 2004) to include
hyperparameters for the covariate coefficient parameters (betas), and to treat exposure as
an unknown quantity to be imputed. Shaffer’s (2004) model treats probability of survival
from one observation to the next as a function of the exposure (i.e., the observation
interval or time the nest was available to be predated), and relates this to covariates
postulated to affect survival with a logit-like transformation in a generalized linear model
framework.. Daily survival rate is expressed:

𝑠(𝑥) =

𝑒 𝛽0 + 𝛽1 𝑥 + …
1 + 𝑒 𝛽0 + 𝛽1 𝑥 + …

(5.1)

Using link function g(θ), where
1

𝑔(𝜃) = ln (

𝜃𝑡

1

1−𝜃 𝑡

)

(5.2)

and t is the duration of the sampling interval (in days here).
Rather than using nest fate status between successive observations as a sampling
unit, I treated nest fate status between successive days as the sampling unit. Instead of
relating it to survivorship by the Shaffer’s link function g(θ), I assumed that fates only
were known at times of observation or when direct inference was possible (i.e., the nest
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fate status remained unchanged between successive observations), and that otherwise nest
fate status on intermittent days between observations was a latent variable to be
approximated, and therefore I used the logit link (i.e., g(θ), with t = 1). In this regard our
approach resembles the logistic regression approach (Hosmer and Lemeshow 1989),
except that using the latent variable to approximate unknown fates allows us to
circumvent the problem of uneven spacing of observation intervals with unknown fates
between observations for which the logistic exposure methods was created to solve
(Johnson 1979).
The model was designed to test treatment level differences in three experimental
treatments. I fit model parameter betas using Markov-chain Monte Carlo (MCMC)
simulation using Gibbs sampling to estimate random variable marginal distributions from
the joint probability distribution. I implemented the model with JAGS using package
R2Jags in R (Plummer 2003, R Core Team 2013, Su and Yajima 2013). Like the
community occupancy models of Zipkin et al. (2009) and others, I postulated community
level relationships among species within guilds with normally distributed mean priors
(hyperpriors) among species, and gamma distributed precision among species (Iknayan et
al. 2014).
Model
I used a simple, multi-species hierarchical community model based on the binary
observations of survival/non-survival to estimate daily nest survival of bird species in a
biofuel production landscape. I assumed probability of nest survival from day t to t+1,
ϕi,j,k, is a Bernoulli random variable related to nest survival for nest i (1, 2, …, 555), of
species j (1,2,…17) in nesting guild k (1, 2, 3, 4) was modeled using:
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logit(𝜙𝑖,𝑗,𝑘 |𝑦) = 𝐓𝐑𝐄𝐀𝐓𝑖,𝑗,𝑘 + 𝐒𝐓𝐀𝐆𝐄𝑡,𝑖,𝑗,𝑘 + 𝜷𝟏𝑗,𝑘 × CONCEAL𝑖 + 𝜷𝟐𝑗,𝑘 × SWITCHGR 𝑖 + 𝜷𝟑𝑗,𝑘 ×
CANOPY𝑖 + 𝜷𝟒𝑗,𝑘 × HEIGHT𝑖 + 𝜷𝟓𝑗,𝑘 × SHRUB𝑖 + PLOT𝑗 + YEAR𝑗

(5.3)

Survival was denoted 1 for a nest that had not been predated, abandoned or
otherwise failed, and 0 for nest failures. Days falling between observations for which nest
fates could not be directly inferred were treated as an unknown outcome. The betas
(regression coefficients) represent a matrix of continuous hyperparameters, with element
(i, j):
𝛽𝑛𝑖,𝑗 ~ 𝑛𝑜𝑟𝑚 (μ𝑗,𝑘 , τ𝑖,𝑗 )

(5.4)

Instead of having a fixed prior, these, hyperparameters have a prior distribution
themselves (“hyperpriors”), with μj,k, ~ norm(0, 0.001) and τ𝑖,𝑗 = Gamma(0.1, 0.1).
Rather than use a fixed effect, I assumed each group had its own group-level distribution,
allowing information sharing within guilds and allowing better parameter precision for
species with difficult to find or sparsely placed nests. To do this, I used guilds as a basis
for hyperparameters. TREAT and STAGE are also matrices of categorical
hyperparameters each with 3×J×K levels, for J (= 17) number of species and K (= 4)
guilds, and with among-species and among-guild relationships treated similarly to the
betas for placement parameters. Note one treatment level serves as an implicit model
intercept. PLOTi is a random variable for effect of correlation of nest outcomes from
nests found within the same plot. I did not incorporate a time of season effect into the
model because this would require at least a linear and quadratic coefficient each a matrix
of 17 x 4, and thereby burdening the model with unwieldy complexity especially for
species with limited sample sizes. I used nests from within a narrow seasonal window to
attempt to mitigate time of year effects on survival, as nest survivorship typical decreases
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throughout the breeding season (e.g., Nur et al. 2004). Excluding one week in April of
2012 nest searching was entirely confined to May and June. I used year (2011-2013) as a
random effect, biofuel treatment (intercropping, control, older intercropped) as a fixed
effect, and study plot as a random effect.
I conducted MCMC simulations using three chains for 300,000 iterations with a
burn in of 50,000 iterations and thinned results by a factor of 10. I considered
convergence using the Gelman-Rubin statistic 𝑅̂ (Gelman and Rubin 1992, Gelman et al.
2004). I additionally visually assessed trace plots for adequate mixing, stationarity and
convergence (LeSaffre and Lawson 2012).
I compared guild level beta estimates of effect of treatment on nest surivorship
using Bayesian P values calculated directly from retained simulated data. This is the
mean pairwise comparison of samples from pairs of guilds to determine proportion of
samples from one guild that have greater value then the second, and heuristically can be
thought of as an analog to traditional post-hoc comparisons.
Results
I found nests from 17 species of open cup nesting bird species on research plots. I
used 166 nests from 2011, 192 nests from 2012 and 197 from 2013 (Table 4.1). I did not
report results for three of the 17 species due to limited sample size and convergence
failure for parameter estimates, although data from these nests were included in guild
estimates. These three species were Blue-gray Gnatcatcher (Polioptila cyanea), Blue Jay
(Cyanocitta cristata) and Eastern Kingbird (Tyrannus tyrannus). Models provided
convergent parameter estimates with few exceptions. Some species specific treatment
parameter estimates (and a few nest placement parameters) were not convergent. This
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occurred when there were not any nests from a particular species found on any plot of a
particular treatment. This was largely also a function of the constituent guild size. I was
unable to generate, and therefore did not report, parameter coefficient estimates in these
cases.
Nest Placement Covariates
Guild and species estimates of parameter coefficients thought to influence nest
success overlapped zero for almost all species and guilds (Figures 4.1 and 4.2). Over the
105 coefficient estimates (17 species plus four guilds multiplied by 5 parameters), only
one had a credible interval that did not overlap 0 consistent with effects of nest placement
(0.5 when inverse-logit backtransformed). This was fewer than would be expected by
chance. Mourning Dove (Zenaida macroura) survivorship had a positive response to
increasing overhead canopy cover of 0.83 (lower and upper even-tailed credible interval:
0.60-0.95).
Post-hoc comparisons of guild estimates for parameter values using Bayesian P
values were not significant for any of the 30 (six pairwise guild comparisons for each of 5
parameters) significance tests. P values were not adjusted for multiple comparisons as
unadjusted P values ranged from 0.14 to 0.84.
Treatment Effects
Species specific and guild level treatment effects of biofuel treatments did not
generate significant differences and credible intervals broadly overlapped amongst
treatments for most species and all guilds (Figures 4.3 and 4.4). Two exceptions were
Northern Mockingbird (Mimus polyglottos) and Brown Thrasher (Toxostoma rufum)
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which both had minimal overlap in the even-tailed 95% credible intervals, and both of
which suggested a positive response in daily nest survival to switchgrass establishment
for both nestling and egg phenological stages (Figure 4.3). Although there were
insufficient nests on control plots to generate an estimate of survival for Orchard Orioles,
in the nestling stage, this species had notably higher estimate of daily nest survivorship
suggesting that intercropping may confer some positive benefit for Orchard Orioles as
well.
Discussion
I demonstrated that a guild-based hyperprior approach enables nest survival
modeling for species with limited numbers of nest detections. I was able to generate
species covariate and survivorship estimates with as little as two nests, by borrowing
information from species within a nesting guild. While nest estimates are possible with
small nest sample sizes, use of estimates created by borrowing information from other
species should proceed with caution, and be tempered by ecological of how closely these
guild members inform our knowledge of the species of interest. I found limited effect on
daily nest survival related to microsite-scale nest site vegetation characteristics, or
resulting from switchgrass intercropping, a biofuel-feedstock production treatment.
Effects Of Nest Placement
Metrics characterizing nest placement related to vegetation structure had little
effect on daily nest survival at the guild or individual species level in the forest biofuel
context (Figures 4.1 and 4.2). Overhead canopy cover, nest height, amount of woody and
semiwoody shrubs, amount of switchgrass, and vegetation density around nest sites all
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failed to predict changes in daily nest survival for almost all species studied. I did find an
increase in nest success for Mourning Doves at sites with increased canopy cover. It is
likely that variation in nest placement was largely constrained by the (relatively)
structurally homogeneous vegetation structure. Even with a broad range of nest
placements from a large species set, our analyses still suggested (as one would expect),
that within the range of nest sites selected birds were selecting sites as optimally as was
possible, and that observed gradients in independent variables weren’t sufficient to
explain variation in nest failure. Other studies have found limited predictive ability of
nest sites in explaining nest failure (e.g., Filliater et al. 1994, Wilson and Cooper 1998),
which may also be a result of stabilizing selective pressure narrowing the ranges of nest
placements (Martin 1993, Latif et al. 2012). This theory states that within some range of
ecological values (in this case nest placement values) there is an essentially fitnessneutral adaptive peak, within which there are no fitness consequences for small amounts
of variation (Latif et al. 2012). It is difficult to demonstrate past selective pressure
(Connell 1980), even though that past selective pressure may be what is responsible in
narrowing the range of nest placement within any given species to fall within this
adaptive peak. Therefore, the net result is using natural nest placement fails to produce
nest placement outliers with extreme enough values to demonstrate increased failure
rates. This is exaggerated by the selection of species in this study, which are primarily
generalists.
Avoiding this complication may be possible using our method in conjunction with
other newer approaches to addressing the sometimes seemingly randomness of nest
failure events (Filliater et al. 1994, Wilson and Cooper 1998, Benson et al. 2010).
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Perhaps most promising is disaggregating causes of nest failure and modeling each cause
individually. This has potential to reduce obfuscating effects of multiple predators
reacting in opposite ways to the same nest placement metric (Benson et al. 2010). This
can better illuminate potential tradeoffs birds must make in determining predation risk
when using microsite characteristics in selecting nest sites. Additionally, there are bird
communities and habitat types better suited to test hypotheses related to community
survival, and a controlled experiment is recommend.
Effects Of Intercropping
Daily nest survival estimates for species did not differ among young intercropped,
older intercropped and traditional control treatments for both egg and nestling
phenological stages, suggesting intercropping did not exert much influence on songbird
nest survival. Response among guilds showed even less response to treatments, although
only stick-nesting and cup-nesting shrub associated birds had narrow, credible intervals
to suggest any informative comparison of mean response to treatments from model
results.
Interestingly, one of the two species that showed a suggestive positive response in
daily nest survival to switchgrass intercropping establishment (Northern Mockingbird,
Figure 4.3) also responded in a markedly different way than most species in terms of
density on the landscape (Loman et al. 2014) and was more numerous in years 1 and 2 of
intercropping establishment while most other species showed a decrease. This is not
unexpected given mockingbird tolerance of human disturbance (Germaine et al. 1998,
Levey et al. 2009).
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Few other studies have looked at effects on vertebrate communities of switchgrass
establishment in intensively managed pine, but those that did so found minimal response
across vertebrate classes (Marshall et al. 2012, Homyack et al. 2013). Herpetofaunal
populations and diversity were unchanged between intercropping and traditional pine
(Homyack et al. 2013). Marshall et al. (2012) found no change in small mammal
community composition from switchgrass intercropping, although there were some
differences in species specific demographic parameters. Loman et al. (2014), the only
study to date on intercropping switchgrass effects on breeding birds, found communities
were different on intercropped as compared to control plots for two years, but converged
by year three. Forest-edge associated species were less abundant in intercropped plots
initially, but more abundant in year three. Species associated with pine-grass habitat
structure were also less abundant initially in intercropped plots, but again quickly
converged with controls. That across taxa there should be only limited effect of
intercropping suggests it may not be a strong driver of ecological factors affecting
vertebrate taxa. Other factors which are shared across both treatments such as stand
structure (Barber et al. 2001), landscape configuration (Gram et al. 2002, Stephens et al.
2004), harvest regimes and other forest management (Duguay et al. 2000, Jones et al.
2002), streamside management zone retention practices (Thurmond et al. 1995), predator
communities (Buler and Hamilton 2000, Jones et al. 2002, Weldon 2006), food resources
(Duguay et al. 2000) and interactions with other birds may all potentially mitigate, mask
or outweigh in importance any effects of intercropping on nest survival. Most of these
explanatory factors exist throughout the landscape independent of intercropping.
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Modeling Technique
Using guild based hyperpriors provided convergent beta estimates and fairly
narrow, credible intervals for species with even small sample sizes, as long as guild sizes
were sufficient. The cup nesting-shrub associated guild was the largest, and essentially
provided sufficient prior information to generate parameter estimates for all constituent
species, even those with as few as two nests. Within a Bayesian framework, heuristically
the posterior distribution can be thought of as a weighted average of the prior and the
likelihood function, so in the case of small samples sizes for a species within a specific
guild, the guild based estimate in the form of the hyperprior provides a proportionately
greater role in the beta estimates. As sample sizes increase for a particular species, the
information specific to that species imparts a greater influence and allows the posterior
estimate to diverge farther from the guild-based hyperprior. A tradeoff exists for species
with small samples sizes. Normally using a species-by-species approach, model
parameter coefficients would be unestimatable. However, using the community approach,
inclusion in a guild with sufficient samples to generate convergent parameter estimates
then forms the basis for estimates for that species with a small sample size. These must
be carefully evaluated biologically as to the merits of allowing other species to form the
basis of an estimate of nest survival for a species for which limited data were available
(or are incorrectly classified within a guild). This concern becomes mitigated for species
with larger sample sizes for two reasons. First, these species influence the guild estimate
of the hyperprior parameters proportionately greater as their sample size increases; and
second, the role of the prior in influencing posterior parameter estimates decreases with
large sample sizes. For the smaller guilds, such as mature tree nesting birds and exposed
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nesting birds, smaller guilds provided very wide credible intervals for estimates for nest
placement and treatment effects (Figures 4.2 and 4.4), and as a result, there were
problems for constituent species in generating convergent estimates or narrow credible
intervals, such as with Blue Jay and Blue-gray Gnatcatcher. As guild estimates serve as
priors for species estimates, a large confidence interval means that the guild is a less
informative prior for the constituent species.
A potential drawback to this method is that it may obfuscate among-species
differences in explanatory variables. This was not a problem in our study while I was not
specifically concerned with how species differed from one another explicitly, but
information sharing via hyperpriors may muddy understanding of how members of the
same guild respond differently to the same independent variables. Given these tradeoffs,
constructing these guilds should be generated with care as to not make guilds too large,
leading to obscuring of potential species differences, but also not too small to generate
estimates for the scarcer species.
Management Implications
There does not appear to be an effect on nest survivorship of breeding songbirds
from intercropping during initial stages of switchgrass establishment. However, earlier
research shows there may be reduced songbird use during the initial one to two years
following establishment (Loman et al. 2014). If, and how, nest survivorship may change
as stands age is unclear. Also, meriting further study is potential effect on other
demographic parameters such as adult and fledgling survivorship, and songbird use and
survivorship response to intercropping outside the breeding season.
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Table 4.1

Species list, respective number of nests located on intercropped and control
treatment plots, and associated guilds used in survivorship model for each
species.

Species

AOU Code Guild

N

Mourning Dove
Zenaida macroura
Blue Jay
Cyanocitta cristata
Blue-gray Gnatcatcher Polioptila caerulea
Eastern Kingbird
Tyrannus tyrannus
Orchard Oriole
Icterus spurius
Gray Catbird
Dumetella carolinensis
Brown Thrasher
Toxostoma rufum
Northern Mockingbird Mimus polyglottos
White-eyed Vireo
Vireo griseus
Common Yellowthroat Geothlypis trichas
Prairie Warbler
Setophaga discolor
Yellow-breasted Chat Icteria virens
Northern Cardinal
Cardinalis cardinalis
Blue Grosbeak
Passerina caerulea
Indigo Bunting
Passerina cyanea
Eastern Towhee
Pipilo erythrophthalmus
Field Sparrow
Spizella pusilla
Kemper County, MS, 2011-2013.

MODO
BLJA
BGGN
EAKI
OROR
GRCA
BRTH
NOMO
WEVI
COYE
PRAW
YBCH
NOCA
BLGR
INBU
EATO
FISP

29
2
1
7
15
8
21
21
10
2
63
217
8
14
111
21
5
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Mature tree
Mature tree
Mature tree
Exposed
Exposed
Stick nest/shrub
Stick nest/shrub
Stick nest/shrub
Cup nest, shrub
Cup nest/shrub
Cup nest, shrub
Cup nest, shrub
Cup nest, shrub
Cup nest, shrub
Cup nest, shrub
Cup nest , shrub
Cup nest, shrub

Figure 4.1

Backtransformed estimates of effect on daily nest survival by species for
birds nesting in biofuel treatment and control research plots.

Backtransformed estimates of effect on daily nest survival by species with 90% equal-tail
credible intervals, for birds nesting in biofuel treatment and control research plots for
understory nest concealment, switchgrass ground cover around nest sites; overhead
canopy cover at nest sites; nest height; and shrub and semi-woody vine ground cover
around nest sites. Values above 0.5 are a positive effect, below 0.5 a negative effect.
Non-estimatable parameters are omitted, April-August, 2011-2013, Kemper Co., MS.
Abbreviations: BLGR–Blue Grosbeak, BRTH–Brown Thrasher, COYE–Common
Yellowthroat, EATO–Eastern Towhee, FISP–Field Sparrow, GRCA–Gray Catbird,
INBU–Indigo Bunting, MODO–Mourning Dove, NOCA–Northern Cardinal, NOMO–
Northern Mockingbird, OROR–Orchard Oriole, PRAW–Prairie Warbler, WEVI–Whiteeyed Vireo, YBCH–Yellow-breasted Chat
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Figure 4.2

Guild estimates of nest placement coefficients for birds nesting in two
biofuel treatments and control plots.

Subplot a. is the cup nesting shrub habitat associated songbird guild, subplot b. is for
large stick nesting (Mimidae) shrub nesting birds, subplot c. is exposed nest placement
guild, and subplot d. is mature tree nesting birds. April-August 2011-2013, Kemper Co.,
MS.
Canopy – overhead canopy cover
Conceal – nest concealment (mean profile board coverage)
Height – nest height
Shrub – shrub and semiwoody vine ground cover within 4m radius of nest
Switchgr – switchgrass ground cover with 4m radius of nest
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Figure 4.3

Daily nest survival estimates by species for two biofuel treatments and
controls within two phenological stages: eggs and nestlings.

IC–Intercropped biofuel treatment
OIC–Older intercropped biofuel treatment
PC–Control plots
BLGR–Blue Grosbeak
BRTH–Brown Thrasher
COYE–Common Yellowthroat
EATO–Eastern Towhee
FISP–Field Sparrow
GRCA–Gray Catbird
INBU–Indigo Bunting
MODO–Mourning Dove
NOCA–Northern Cardinal
NOMO–Northern Mockingbird
OROR–Orchard Oriole
PRAW–Prairie Warbler
WEVI–White-eyed Vireo
YBCH–Yellow-breasted Chat
April-August, 2011-2013, Kemper Co., MS. Control treatment is charcoal gray,
intercropped treatment is black and older intercropped treatment is light gray.
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1
0.75
0.5

Figure 4.4

Exposed-IC

Stick-Older IC

Cup-Older IC

Forest-Older IC

Exposed-IC

Stick-IC

Cup-IC

Forest-IC

Exposed-Control

Stick-Control

Cup-Control

0

Forest-Control

0.25

Nest survival estimates for guilds of birds nesting on older intercropped
and younger intercropped plots and control plots.

April-August, 2011-2013, Kemper Co., MS.
Forest–Mature tree nesting bird guild
Cup–Open cup nesting bird guild
Stick–Large stick nesting bird guild
Exposed–Exposed nesting bird guild
IC–Intercropped biofuel treatment
Older IC–Older intercropped biofuel treatment
Control–Control plots
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CHAPTER V
DISENTANGLING ECOLOGICAL MEDIATORS OF NEST PLACEMENT IN
SYMPATRIC SHRUB-NESTING SONGBIRDS

Historically, research on competition, ecological niche, and the relative role of
density independence versus density dependence have been central components in
ecology, and studies on niche partitioning and species coexistence are amongst the canon
of classical ecological research (Gause 1934, Lack 1954, MacArthur 1958, Hutchinson
1961, Paine 1966). The portioning of foraging space has been a key component of nichespace partitioning in songbirds (MacArthur 1958), but the relative spatial position of
nests within vegetation is also partitioned among species and is mediated by predation
risk (Martin 1988, Martin and Martin 2001). Many times, several species nest in the same
vertical vegetation layer, and it’s often difficult to determine how this resource utilization
space is partitioned among species, and whether interspecific competition may be
mediating nest placement within these vegetation layers amongst each species (Robinson
and Terborgh 1995). Within the context of the competitive exclusion principle (Hardin
1960) and assuming nest placement locations are a limiting resource, it’s unclear how
species that overlap in nest placement maintain sufficient ecological separation to
promote sympatry when there is not spatial or temporal separation of nesting or
microhabitat structural differences (e.g., Catchpole 1973, Hill and Lein 1988).
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I describe the role of intraspecific and interspecific density dependence (as
quantified by patch level adult bird density) and density indices of two potential avian
nest predators – American crow (Corvus brachyrhynchos) and brown-headed cowbird
(Molothrus ater) – in mediating nest site placement to test hypotheses related to
facilitating sympatry in coexisting species. I studied 3 early successional bird species –
(yellow-breasted chat (Icteria viresns), prairie warbler (Setophaga discolor), and indigo
bunting (Passerina cyanea)) – during and following their colonization of forest stands
that were clearcut and then managed for forest products and biofuel production within an
intensively managed forest landscape. All three species were abundant within the
landscape studied, have similar nesting requirements and concurrent breeding season, and
occurred at heterogeneous densities in forest stands of different age and management
history (Loman et al. 2014). Defended male territories of each species overlapped with
those of the other two species (J. Foggia unpublished data).
I sought to understand how sympatry is maintained within this species group. I
suggest two competing hypotheses. First, sympatry can be facilitated among some
species by niche partitioning of some resource as described by the competitive exclusion
principle (Hardin 1960). Second, two sympatric species in competition for the same
resource may use a resource similarly, yet still coexist (Strong 1982) if there is no fitness
consequence associated with losing the competitive interaction, thereby breaking a key
link in the logic of the competitive exclusion principle, that one species will drive the
other to extirpation (Hardin 1960).
Because preliminary kernel density estimates showed indigo bunting and yellowbreasted chat (hereafter, chat) nest placement were very similar, and sympatry was
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unlikely the result of clear niche separation, I tested whether there were differences in
productivity consequences as manifested through nest survival resulting from
competition for nest sites to test our second hypothesis above. This involved two parts:
first showing competition exists between the two species, and that the effect of
competition was neutral on productivity of the subordinate species.
I hypothesized that being loud, engaging in conspicuous displays, and having
larger body size would make chats (20.2-33.8 g) a dominant competitor for nest sites over
both indigo buntings (11.2–21.4 g; hereafter, buntings) and prairie warblers (6.1-10.8 g;
hereafter, warblers). I predicted that increases in chat density would lead to buntings and
warblers selecting less preferred nest sites (Wallace and Temple 1987, Dunning 1993,
Curson et al. 1994, Robinson and Terbogh 1995, Mays and Hopper 2004, Shelley et al.
2004). Changes in nest placement metrics within the subordinate species (bunting)
should mirror preference for nest sites as density of adult birds increase (Fretwell and
Lucas 1969). Forest stands in this study were increasingly used by buntings as they aged
following clearcutting and replanting (Loman et al. 2014). Vegetation structure became
much denser and taller, creating more nest sites, and increases in density should follow
with an increase in use of preferred sites.
I argue that “site regulation,” the tendency of individuals in higher density
populations to move to less suitable sites as competition for nest sites increase (Hinde
1956, Rodenhouse et al. 1997), may help elucidate whether density dependent
interspecific competition for nest sites is occurring. Under the ideal pre-emptive
distribution (IPD), the best sites are taken first and subsequent sites are those that are less
suitable (Pulliam and Danielson 1991). If this is the case with two species competing for
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similar nest sites (chats and buntings in this study), I expect to see an effect of joint
density, leading to changes in placement. If buntings are indeed wholly subordinate
competitors to chats as I presuppose, then I expect buntings to respond to the joint density
of both chats and buntings, above the response of buntings alone, and chats should
respond only to densities of chats (regardless of directionality relative to nest outcomes).
Using the joint density of both chats and buntings as a predictor of nest placement should
obfuscate intraspecific density dependent effects on nest placement within chats (Table
5.1). As buntings are excluding each other via territoriality, but not chats, the effect of
increasing chat density should decrease use of preferred sites by buntings and should
illuminate whether or not interspecific competition for nest sites from chats is influencing
bunting nest placement (Table 5.1).
If indeed there is competition between the two species for nest sites, the second
component in testing the hypothesis is to determine if competition’s net effect on
productivity is neutral. There are several reasons to suspect that this may be the case. If
competition for nest site locations alters nest survival, it may directly affect fitness by
influencing fecundity of songbirds. However, the role of nest placement and nest
concealment on predation rates, brood parasitism, and nest success has been studied
extensively with few consistent results (e.g., Major and Kendal 1996, Bergin et al. 2000,
Pangau-Adam et al. 2006). Often, studies on the role of nest microsite placement have
directly contradictory findings, and its role seems to be dependent on the study system
and species in question (examples of contradictory results: Osborne and Osborne 1980,
Howlett and Stutchbury 1996). One consistency is that the role concealment plays tends
to be influenced by the predator community (whether dominated by mammals or birds)
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and by placement of nests in relation to the best access by predator species groups (e.g.,
being close to a tree in an open field increases corvid predation; being above the ground
reduces mammalian predation, but increases bird and snake predation) (e.g., Söderström
et al. 1998, Burhans and Thompson 1998, Remeš 2005, Pangau-Adam et al. 2006). In a
predator-rich ecosystem, changes in nest placement may decrease one type of predation
at the expense of increasing the likelihood of other sources of failure, leading to a fitnessneutral adaptive peak, where no change in placement over a fairly wide range of
placement options yields a predictable net increase in fitness through increased fecundity.
Although it may not have consequences for productivity for the reasons given
above, I argue that perception of predation risk may also mediate nest placement in this
system. Birds can adjust reproductive strategies in response to predation risk (Lack 1948,
Julliard et al. 1997, Fontaine and Martin 2006). Because common avian predators in our
study area such as American crows (hereafter, crows) and brown-headed cowbirds
(hereafter, cowbirds) are diurnal, conspicuous and vocal, avian nest predation risk may be
easier for songbirds to assess or perceive than risk from more chaotic or unpredictable
sources of nest predation, such as snakes or mammals. Crows are an important nest
predator in southeastern pine systems (Buler and Hamilton 2000), and locally higher
densities of corvids across the study area would potentially lead to increases nest
predation pressure (Andrén 1992). Cowbirds are a risk to nesting birds as both brood
parasite and nest predator (Arcese et al. 1996). As such, I predict that perception of avian
risk, as indexed by cowbird and crow densities, should reduce nest height (Yahner and
Cypher 1987) and increase canopy cover for species. This may or may not adaptively
reduce predation pressure because lowering nests may lead to increases in other causes of
96

failure like snake, mammal or fire ant predation (Table 5.1). Therefore, in addition to
testing the above hypotheses regarding sympatry, I also tested whether avian predator
abundance would influence nest placement in any or all of the three focal species.
Methods
Study Site
I collected data from April through August during 2011-2013 in Kemper County,
Mississippi, USA (32°52′N, 88°33′W). The surrounding landscape cover was 70%
intensively managed loblolly pine (Pinus taeda) stands of various age, 27% mature pinehardwood or hardwood stands and 3% non-forested areas. I used nests found in 24 plots
within forest stands that were part of a 250 km2 forest owned and managed by
Weyerhaeuser Company, and which were established and maintained by Weyerhaeuser
Company and Catchlight Energy LLC (CLE; a Chevron and Weyerhaeuser joint venture).
Eighteen plots and the stands containing them were created by clearcutting existing pine
plantations in 2009-10 and planting with loblolly pine seedlings during winter 2010-11
using standard Weyerhaeuser site-preparation and planting protocols. Of these eighteen
plots, six plots were intercropped with switchgrass during spring 2011 and reseeded in
spring 2012. The remaining six plots were selected from older, pre-existing intercropped
stands with pine seedlings planted in 2005 and switchgrass seeded in 2009. The
intercropped plots are an experimental biofuel feedstock production management
treatment designed to provide feedstock for lignocellulosic biofuel production, or cofiring
with coal for energy production. More information about the study area and experimental
biofuel management treatments can be found in Loman et al. (2013, 2014).
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Nest Data Collection
I began nest searching at the end of April (earliest nest found 25 April) and
continued through the beginning of July (latest nest found 4 July). I searched study plots
weekly for all bird nests with an emphasis on three focal species: indigo bunting, prairie
warbler, and yellow-breasted chat. Searchers located nests by walking along the planted
pine beds which often flushed incubating females off nests, observing female nesting
behavior, and opportunistically searched while checking other nests or performing other
research activities. I saved nest locations with handheld GPS units, and checked for
fledging or nest failure (or abandonment) every three to four days. At each nest check I
recorded date, and time; nest contents; parasitism, predation events or other nest failure;
and nest outcome.
I recorded nest placement and vegetation structural information following
cessation of activity at each nest. The microsite nest placement protocol I used was based
on Martin (1988), who proposed that vegetation density and nest height provide the
structural space for niche partitioning in songbird nest placement. Vegetation structural
characteristics are thought to influence nest survival outcomes and motivated use of
vegetation density (e.g. Klug et al. 2010) and nest height (e.g., Martin 1988, Martin 1993)
in survival and placement models. I also included canopy cover (e.g., Koenig et al. 2007).
I used a handheld spherical densiometer to measure mid and overstory canopy
cover (Lemmon 1956). I measured understory vegetation density using a vertical profile
board (Nudds 1977), taking four measurements spaced 90° apart radially, with two
measurements parallel to and two measurements perpendicular to, planted pine rows. I
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measured nest height (m) from the ground to nest rim with a tape measure. I also
collected floristic information including plant species’ used as nesting substrate.
Adult Density Estimation
I used point counts with distance sampling to collect songbird data for generating
adult bird density estimates (singing males/ha) within each plot within each year. Yearly
plot-level densities of adult birds were modeled accounting for detection probability
using Package Unmarked in R (R Core Team 2014). Complete methodology details can
be found in Loman et al. (2014).
Nest Placement Model Selection
I generated two-dimensional kernel density estimates of nest placement for each
nest species as characterized by height and vegetation density (Silverman 1986). I
overlaid kernel density estimates for each species pair to compare overlap in nest
placement. I tested degree of niche overlap using the utilization distribution overlap index
(UDOI), a continuous kernel form of Hurlbert’s (1978) E/Euniform statistic for comparing
niche overlap (Fieberg and Kochanny 2005). I used 95% utilization distribution for
among-species comparisons. UDOI values <1 indicate less overlap relative to uniform
space use, and values near 1 (or greater than 1) suggest higher than normal overlap
relative to uniform space use (Fieberg and Kochanny 2005).
I tested biologically plausible candidate model sets to determine how forest
management and year (acting as a surrogate for plot-level vegetation structure) along
with inter- and intraspecific adult bird densities of the three focal species affected nest
placement. I examined three structural metrics of nest placement in each of the three
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focal species. Response variables included nest height (m), vegetation density around the
nest, and overhead canopy cover. For each of these dependent variables for each species,
I generated a global model and tested candidate subset models containing each
combination of independent variables using general linear models (GLM). Global models
included as fixed effects: chat density, warbler density, bunting density, crow density
index, cowbird density index, relative date within year (reference origin was 4 May),
year, biofuel treatment, and year x biofuel treatment interaction. I also included joint chat
and bunting density in chat and indigo bunting models to test additional hypothesis
(Table 5.2). In models including joint density, I excluded the single species densities for
chat and bunting. The global model for warblers and the respective candidate model sets
did not include brown-headed cowbird density as an independent variable as it was
highly correlated with other variables (R > 0.7). I included date and year as a linear
effect, and expected height, canopy cover and vegetation density to increase throughout
birds’ breeding, and plants’ growing seasons and across years. I used model averaging
and Akaike weights (Burnham and Anderson 2010) to generate relative parameter
importance values and model weighted estimates for parameter coefficients.
Nest Outcomes Related To Relevant Placement Metrics
I modeled daily nest survival estimates independently for each species using
logistic exposure (Shaffer 2004). I used an information theoretic approach using model
selection to generate model averaged parameter estimates for factors influencing nest
survival (Burnham and Anderson 2010). I generated global model sets using independent
variables I found to affect nest placement and additionally included two parameters - a
linear and quadratic effect of date within the year. The quadratic effect of date was to
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allow for a peak in breeding success at some stage of the breeding season. Nests initiated
too early may be mistimed with optimal environmental conditions (Visser and
Lambrechts 1999, Visser et al. 2012), and nests initiated later typically incur higher
failure rates due to lower phenotypic quality of birds that breed later or other direct
consequences of date within the season (Verhulst and Nilsson 2008). Candidate model
sets were built using all subset combination of factors included in the global model for
each species. Model weighted averaged parameter estimates and relative parameter
importance were generated using Akaike weights using AICc (Burnham and Anderson
2010).
Results
I found 391 nests suitable for use in analyses. These included 217 chat, 111
bunting, and 63 warbler nests. Nest placement broadly overlapped among all three
species. Ninety percent kernel density estimates comparing vegetation density to nest
height show moderate differences in nest placement, but with large overlap in each of the
paired contrasts among the three species (Figure 5.1). Kernel overlap was high between
chats and buntings (UDOI = 0.94), low between warblers and chats (UDOI = 0.68) and
lowest between warblers and buntings (UDOI = 0.60) Chat placement tended to be lower
in height and in less dense vegetation than warblers, and of similar or slightly greater
height but in less dense vegetation than buntings. Buntings used nest sites of similar
vegetation density as warblers, but generally lower in nest height. Comparisons of canopy
cover show similar patterns within each species. Canopy cover ranged from 0 to 100%,
with more nests at 100% cover, but were otherwise uniformly distributed across the range
of values. Almost all nests (340 out of 351) for all three species were found in hardwood
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saplings, semi-woody vines (predominantly Rubus argutus) and woody or semi-woody
shrubs (most commonly Baccharis halmifolia). The remaining nests were found in
loblolly pine (Pinus taeda; n = 8), forbs (n=2), and switchgrass (Panicum virgatum; n=1).
Most common hardwoods used for nesting were sweetgum (Liquidambar styraciflua),
red maple (Acer rubrum), black gum (Nyssa sylvatica), persimmon (Diospyros
virginiana), and various oak (Quercus sp.) and hickory (Carya sp.) species. Chats nested
in vines proportionally more than the other two species, 61.3% compared to 27.0% for
buntings and 11.1% for warblers. Buntings and warblers nested proportionately more in
hardwood saplings (66.7% for warblers, 62.2% for buntings, and only 23.0% for chats).
Indigo Bunting Nest Placement
Bunting nest canopy cover and height of nest placement parameters were
influenced by year and relative date within year only. Mid and overstory canopy cover at
nest sites increased with date from a mean of roughly 25% at the beginning of the
breeding season to nearly 75% by the end of the season. There was a per annum increase
in canopy cover of 12% (95% confidence interval 0.95-23.04). Prediction intervals
showed bunting nest height increased over the breeding season from 48 cm to 113 cm.
Vegetation density was influenced by multiple parameters. Nest sites were placed
in increasing vegetation density with increasing crow density index, increasing
intraspecfic adult bird density and decreasing chat adult density (Table 5.3). The
combination of bunting and chat density was strongly supported in a model set including
combined bunting and Yellow-breasted density rather than these taken individually,
including a quadratic term (Figure 5.2). Vegetation density increased until bird combined
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density reached 2.9 birds/ha at which it peaked at 95.2%, after which nest site vegetation
decreased with increasing bird density (Figure 5.2).
Yellow-breasted Chat Nest Placement
Chats in intercropped biofuel treatment increased nest height by 23 cm over those
in pine controls. Nest height also increased over the season as was the case with bunting
although the effect size was about half as large. The standardized model averaged
parameter coefficient estimate for buntings was 12.72 (95% confidence interval: 8.0217.41) and 6.98 (2.69-11.27) for chats. Canopy cover increased 25.6% per year.
Additionally, there was a weak negative relationship between warbler density and chat
nest site canopy cover.
Chat nest vegetation density, similar to buntings, was influenced by year, date and
biofuel treatment parameters. Chat nest placement was not affected by bunting density.
Both date and year lead to slight decreases in nest vegetation density (date: -2.96, 95%
confidence interval -4.68 to -1.23; year -9.17, 95% confidence interval -17.69 to -0.65)
and both biofuel treatments also decreased vegetation density (intercropped: -9.33, 95%
confidence interval -17.94 to -0.73, and older intercropped: –15.75; 95% confidence
interval -30.72 to -0.77; Table 5.2).
Prairie Warbler Nest Placement
None of the predictor variables influenced warbler canopy cover. Nests later in
the season were higher in the vegetation, and nests on the OIC biofuel treatment plots
were a full meter higher than the other treatments (101.99, 95% CI 21.0 to 183.0). The
two ecological mediators of nest placement were crow density index (Figure 5.3) which
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reduced nest height (-19.42, 95% confidence interval -37.14 to -1.70) and warbler adult
density which also reduced nest height to a much smaller extent (-6.9, 95% confidence
interval -12.6 to -1.1; Table 5.4).
Nest Survival Model Results
Ecological parameters related to habitat use were very poor predictors of nest
survivorship. Model averaged parameters in chat and bunting nest survival models had no
clear effect (confidence intervals overlapped zero), except effect of phenological stage
which reduced survivorship when nestlings were present in the nest and a linear effect of
day of year which reduced survivorship later in the breeding season (Tables 5.5–5.8).
Model averaged parameters in warbler nest survival models also had no clear effect
except effect of phenological stage, which again, reduced survivorship when nestlings
were present in the nest (Tables 5.9 and 5.10).
Discussion
There was an effect of chat density on bunting nest placement, but not the
reciprocal effect of bunting density influencing chat nest placement. This supports the
hypothesis that chats are a dominant competitor for nest sites. Sympatric birds’
competitive interactions are often asymmetrical, which pushes resource use to the
extremes of ecological gradients (Robinson and Terborgh 1995, Jankowski et al. 2010).
Buntings moved to dense vegetation nest sites as conspecific adult densities increased, a
reflection of the increasing suitability of research plots with denser vegetation for bunting
nesting, but moved to less dense vegetation nest sites as chats increased at the local level.
Because displacement did not affect productivity for chats and buntings, this supports the
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assertion that sympatry is promoted amongst asymmetrically competing nest site
competitors because the results of losing competitive interactions occurs without apparent
cost within the nest (Table 5.1). Although it is possible that there could be costs
elsewhere such as fledgling survival. In contrast, sympatry of the warblers with each of
the other species was explained through simple niche partioning, by having higher placed
nest sites (Figure 5.1).
Miller (1967) stated that demonstrating interspecific competition requires
significant overlap in fundamental niche and a contraction of realized niche in at least one
species in areas of sympatry. Plotting overlays of nest placement shows a clear overlap
between chats and buntings, and the change with levels of sympatry (density of chats)
illustrates a proportional change in bunting realized niche space. The comparison of
kernel densities of chats and buntings shows that both species disproportionately used
nests around 50% vegetation density, but that chats more often used low density sites
than buntings, and buntings more often used higher density sites. Assuming that
somewhere around that 50% density is the optimal density (Figure 5.1 and the top panel
of Figure 5.2), it’s interesting that chats displaced buntings to lower density sites rather
than high density sites, which they otherwise used. Again this is likely a reflection of the
dominance relationship showing displacement of buntings to less preferred sites.
Our vegetation density results support that site regulation and interspecific
competition is occurring between buntings and chats. Up to an inflection point in joint
chat-bunting density, there is an increase in vegetation density of bunting nest sites, but
then as the joint density passes that optima (or threshold), vegetation density at nest sites
began to decrease (Figure 5.2). In contrast, chats responded only to interspecific densities
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of chats, and there was an equivocal relationship with vegetation density when the joint
chat-bunting density was used, as predicted.
Warbler nest placement was not strongly influenced by interspecific songbird
densities. Increased intraspecific adult densities of chats led to a slight decrease in
vegetation density at nest sites. This is not wholly unexpected, as presumably there is
some competition for nests sites which increased with increased adult density. Warblers
tend to nest in somewhat discrete vegetation patches within an area (Nolan 1978). Likely,
higher densities of adult birds would lead to competition for these patches, with
subordinate birds relegated to less dense or smaller patches. The only other ecological
parameter to affect warbler nest placement was that increasing crow density index
lowered warbler nest height. Crows are a common avian nest predator, prairie warblers
respond antagonistically toward crows flying overhead (Walkinshaw 1959), and lower
nest sites may be less disturbed by crows (Yahner and Cypher 1987), and prairie warbler
nest failure from crow predation may vary with nest height (Nolan 1978).
Microhabitat characteristics did not predict nest predation rates. This is a common
phenomenon in songbird nest survival studies (e.g., Filliater et al. 1994, Howlett and
Stutchbury 1996) including in both yellow-breasted chats (Ricketts and Richison 2000)
and buntings (Burhans and Thompson 1998). The prevailing explanation for these results
is the “adaptive peak hypothesis” (Latif et al. 2012). Stated simply, the strong fitness
consequences of poor nest placement constrain variation in placement to be centered
around an adaptive peak. Therefore using only natural variation present in a wild
population will provide insufficient variation to illuminate consequences of poor nest
placement (Latif et al. 2012). The implication for this study is that although there was
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mediation of nest placement via a competitive mechanism, despite this displacement from
maximally preferred sites, a broad adaptive peak allows sufficient niche space for
coexistence of both buntings and chats, whereas warbler co-occurrence with each of the
other two species seems best explained by niche partitioning (Table 5.1). This result is in
direct contrast to a removal experiment in sympatric warblers (family Parulidae)
Vermivora celata and V. virginiae, which found coexistence in these two sympatric
species (that asymmetrically compete for nests sites) led to negative fitness consequences
for both species (Martin and Martin 2001). Clearly, there exist other conditions
promoting sympatry in competing nesting birds. Songbird densities in their removal
experiment may have promoted a density-dependent numeric predator response that may
not have been present in our study, as overall bird densities were typically very high, and
I did not artificially alter bird densities or occurrence patterns.
How Do Overlapping Territories Lead To Preclusion Of Use Of Certain Nest Sites
By Buntings?
The idea that shrub nesting species have a continuous distribution of possible
places to nest is probably false to some degree, and competitive interactions for nest sites
could be similar to those of cavity nesters. Considerable research has addressed the
“nesting patch,” the immediate locale around a nest (Martin and Roper 1988). Although
describing what constitutes a nesting patch isn’t uniform, and is often bird species (or
guild) specific and plant community specific, it is likely that there is some discretization
in avian perception of nest sites (Burhans and Thompson 1999). Although chat and
bunting territories broadly overlap, there is still opportunity for exclusion from the
nesting patch similar to the way that a woodpecker (Family Picidae, subfamily Picinae)
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or tit (Parus sp.) may exclude another from a cavity (Nilsson 1984). This can be seen in
overlapping territorial species pairs in both Agelaius blackbirds and Acrocepahlus
warblers, where subordinate species maintain only small core areas nested within larger
territories of dominant species (Orians 1961, Orians and Collier 1963, Murray 1971).
Burhans and Thompson (1999) found that both chats and bunting nest success
were related to nest patch size (or distance to edge nest patch edge). It seems therefore
the most probable explanation for how chats displace buntings to lower density nest sites
is that chats exclude buntings from nesting in larger patches, which naturally would be
correlated with higher density vegetation. Interestingly although Burhans and Thompson
(1999) found a negative effect on nest success from use of smaller patches, they found
that patch size had an overall neutral effect on fitness because increased parasitism in
large patches reduced fledged young and counterbalanced the increased overall nest
survival rate. Therefore, although nest site selection was not explicitly tested as a
function of competitor density, they found results which support our assertion that nest
site displacement within a fitness-neutral adaptive peak could promote sympatry of these
two species.
Clarifying the nature of interactions between chats and buntings are promising
areas for understanding sympatry between these species. Many questions remain
unanswered including mechanisms of competitive interaction and nest site preclusion,
testing the perception of nest sites as quantized, and if there exists, and to what extent,
heterospecifics engage in partial territorial exclusion. It’s likely more energetically
efficient to defend a small nesting area than an entire territory. If chats are completely
dominant competitors for nest sites at the microsite level, it may be inefficient or
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unnecessary to exclude buntings at the territory level, especially since they do not present
a threat of extra-pair copulations (Mays and Hopper 2004). Finally, quantifying how
resource availability and distribution affects the nature of intraspecific competition has
varying ecological implications (Minot and Perrins 1986).
Table 5.1

Hypotheses and predictions about how density and dependent inter- and
intraspecific competition could influence nest placement and nest survival in
three sympatric songbirds: yellow-breasted chats (Icteria virens), indigo
buntings (Passerina cyanea) and prairie warbler (Setophaga discolor).

Hypothesis name
Ideal Free Distribution

Prediction
Preconditions
Observed
Increased habitat
Bunting veg. density
suitability (absent of
increased with increased
interspecific
adult use, as sites become
competition) results in
more suitable, suggesting
nest placement metrics
preference for denser
converging on preferred
vegetation.
conditions
Ideal Preemptive
If interspecific
Must be niche overlap,
Significant overlap and
Distribution
dominance occurs,
and competition for
maximum kernel density
increases in dominant
preferred sites.
overlap in chats and
species should reduce
buntings in vegetation
use of preferred sites by
density. Buntings increase
subordinate species.
in vegetation density of
Chats, being dominant,
sites until displaced by
don’t respond to joint
increasing chat densities.
density.
Sympatry facilitated through Displacement from
Chats displace buntings
“Wide-adaptive peak”
preferred sites does not
without productivity
-orlead to negative fitness
consequence for buntings.
consequence.
Sympatry though Niche
Physical separation of
Warblers utilize nest sites
Partitioning
nest sites in niche space.
higher in vegetation than
either buntings or chats.
Risk-allocation hypothesis Increased perception of
predation threat should
promote mitigation
behavior via changes in
nest placement.
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prairie warblers lower nest
height in response to
coursing avian predators.
Warblers likely
susceptible as they nest
higher.

Table 5.2

Model averaged standardized parameter estimates influencing vegetation
density at yellow-breasted chat nest sites.

Adj.
Lower Upper
Parameter
Estimate SE
SE
CI
CI
Importance
(Intercept)
41.85
7.68 7.69 26.78 56.92
1.00
DATE*
-2.96
0.88 0.88
-4.68 -1.23
0.99
IC*
-9.33
4.37 4.39 -17.94 -0.73
0.80
OIC*
-15.75
7.62 7.64 -30.72 -0.77
0.80
YEAR*
-9.17
4.34 4.35 -17.69 -0.65
0.87
a
IC X YEAR
NA
NA
NA
NA
NA
NA
OIC X YEAR*
11.15
3.74 3.75
3.79 18.51
0.70
AMCR
2.96
2.26 2.26
-1.48
7.40
0.54
YBCH
-6.50
7.79 7.80 -21.80
8.79
0.52
INBU
3.63
3.68 3.69
-3.60 10.87
0.45
BHCO
-0.79
1.84 1.84
-4.40
2.82
0.33
PRAW
0.22
1.61 1.62
-2.94
3.39
0.28
*Parameters with confidence intervals not overlapping zero.
a

Were unable to generate estimates for this parameter due to data constraints.

INBU—indigo bunting adult density, YBCH—yellow-breasted chat adult density,
AMCR—American crow density index, DATE—relative date within season relative,
IC—Intercropped biofuel treatment, OIC—Older intercropped biofuel treatment,
PRAW—prairie warbler adult density, YEAR—Year effect, brown-headed cowbird
density index.
April-July, 2011-2013. Kemper County, MS.
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Table 5.3

Model averaged standardized parameter estimates influencing vegetation
density at indigo bunting nest sites.

Adj.
Lower Upper
Parameter
Estimate SE
SE
CI
CI
(Intercept)
47.04
3.67
3.70
39.79
54.29
INBU*
8.06
2.15
2.18
3.79
12.32
YBCH*
-13.44
4.62
4.65
-22.56 -4.33
AMCR*
5.22
1.90
1.92
1.45
8.99
DATE*
-3.51
1.37
1.39
-6.22
-0.79
IC
-6.05
4.60
4.64
-15.14 3.05
OIC
1.07
12.44 12.52 -23.47 25.60
PRAW
2.60
2.87
2.90
-3.08
8.29
YEAR
-1.07
3.80
3.82
-8.56
6.42
BHCO
-1.70
3.00
3.03
-7.64
4.25
IC X YEAR
-0.28
6.05
6.10
-12.23 11.67
OIC X YEAR
9.99
6.27
6.31
-2.37
22.35
*Parameters with confidence intervals not overlapping zero.

Importance
1.00
0.99
0.95
0.92
0.90
0.48
0.48
0.39
0.31
0.28
0.08
0.08

INBU—indigo bunting adult density, YBCH—yellow-breasted chat adult density,
AMCR—American crow density index, DATE—relative date within season relative,
IC—Intercropped biofuel treatment, OIC—Older intercropped biofuel treatment,
PRAW—prairie warbler adult density, YEAR—Year effect, brown-headed cowbird
density index.
April-July, 2011-2013. Kemper County, MS.
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Table 5.4

Model averaged standardized parameter estimates influencing height of
prairie warbler nests.

Adj.
Lower
Parameter
Estimate SE
SE
CI
(Intercept)
114.67 17.05 17.22
80.93
AMCR*
-19.42
8.86
9.04 -37.14
IC
-8.65 19.49 19.87 -47.59
OIC*
101.99 40.71 41.31
21.02
DATE*
12.51
6.21
6.35
0.07
PRAW
11.22
9.01
9.15
-6.71
YBCH
23.17 27.60 27.87 -31.45
YEAR
-10.87 52.80 53.53 -115.78
INBU
-13.70 45.91 46.53 -104.90
IC X YEAR
14.53 99.31 100.83 -183.08
OIC X YEAR
5.31 110.48 112.10 -214.40
*Parameters with confidence intervals not overlapping zero.

Upper
CI
Importance
148.42
1.00
-1.70
0.86
30.30
0.75
182.96
0.75
24.95
0.71
29.15
0.48
77.79
0.46
94.04
0.34
77.50
0.32
212.15
0.03
225.01
0.03

INBU—indigo bunting adult density, YBCH—yellow-breasted chat adult density,
AMCR—American crow density index., DATE—relative date within season relative,
IC—Intercropped biofuel treatment, OIC—Older intercropped biofuel treatment,
PRAW—prairie warbler adult density, YEAR—Year effect, brown-headed cowbird
density index.
April-July, 2011-2013. Kemper County, MS.
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Table 5.5

Model selection table of top models of yellow-breasted chat nest survival
using logistic exposure (logit scale).

Interc Density Density2 Canopy Day Day2 Height Stage Year
3.62 -0.17
-0.38 +
3.68
-0.36 +
3.54 -0.16
-0.43 0.09
+
3.59
-0.42 0.09
+
3.67 -0.18
-0.06
-0.38 +
3.67
0.08 -0.36 +
3.69
-0.38 0.09
+
3.63 -0.16
-0.39 0.04
+
3.63 -0.16
0.03 -0.38 +
-

df
4
3
5
4
5
4
4
5
5

LogL
-336.21
-337.34
-335.72
-336.78
-336.00
-337.04
-337.08
-336.16
-336.18

AICc
680.47
680.70
681.50
681.60
682.06
682.12
682.20
682.38
682.43

∆AICc wi
0.00 0.09
0.23 0.08
1.04 0.05
1.13 0.05
1.59 0.04
1.65 0.04
1.74 0.04
1.92 0.04
1.96 0.03

Interc—Model intercept
Density—Mean vegetation density,
Canopy—Overhead canopy cover
Day—Day within year, relative to May 4
Height—Nest height
Stage— Categorical phenological stage of the nest, , 0 nestlings, 1 nest doesn’t contain
nestlings.
Year—Year in which nest was intitated, 2011, 2012 or 2013
Kemper Co., MS, April-July 2011-2013.
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Table 5.6

Model averaged estimates of yellow-breasted chat nest survival parameters
using logistic exposure (logit scale).

Std.
Adjusted Lower Upper
Parameter Estimate Error
SE
CI
CI
Importance
(Intercept)
3.62
0.21
0.21
3.20
4.03
1.00
Stage
-0.90
0.21
0.21
-1.31 -0.48
1.00
Day
-0.39
0.11
0.11
-0.60 -0.19
1.00
Density
-0.18
0.12
0.12
-0.41
0.05
0.53
2
Day
0.09
0.09
0.09
-0.09
0.26
0.37
2
Density
-0.05
0.09
0.09
-0.24
0.13
0.30
Canopy
0.05
0.11
0.11
-0.17
0.26
0.29
Height
0.05
0.13
0.13
-0.20
0.30
0.29
Year:2012
0.24
0.26
0.26
-0.28
0.75
0.20
Year:2013
-0.01
0.24
0.24
-0.47
0.46
0.20
Density—Mean vegetation density
Canopy—Overhead canopy cover
Day—day within year, relative to May 4
Height—Nest height
Stage— Categorical phenological stage of the nest, , 0 nestlings, 1 nest doesn’t contain
nestlings.
Year—Year in which nest was intitated, 2011 (intercept), 2012 or 2013
Kemper Co., MS, April-July 2011-2013.
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Table 5.7

Model selection table of top models of indigo bunting nest survival using
logistic exposure (logit scale).

Interc Density Density 2 Canopy Day Day2 Height Stage Year df LogL AICc ∆AICc
3.47
0.32 -0.31 +
4 -181.83 371.75 0.00
3.54
0.25 -0.35 0.24
+
5 -181.32 372.78 1.03
3.40
0.31 -0.38 0.08
+
5 -181.53 373.20 1.45
3.49
-0.03
0.31 -0.31 +
5 -181.80 373.76 2.01

wi
0.11
0.06
0.05
0.04

Interc—Model intercept
Density—Mean vegetation density
Canopy—Overhead canopy cover
Day—day within year, relative to May 4
Height—Nest height
Stage— Categorical phenological stage of the nest, , 0 nestlings, 1 nest doesn’t contain
nestlings.
Year—Year in which nest was intitated, 2011, 2012 or 2013.
Kemper Co., MS, April-July 2011-2013.
Table 5.8

Model averaged estimates of indigo bunting nest survival parameters using
logistic exposure (logit scale).

Std.
Adjusted Lower Upper
Parameter Estimate Error
SE
CI
CI
Importance
(Intercept)
3.37
0.32
0.32
2.74
4.01
1.00
Stage
-0.72
0.28
0.28 -1.28 -0.17
0.92
Day
-0.34
0.16
0.16 -0.66 -0.02
0.79
Canopy
0.27
0.14
0.14 -0.01
0.56
0.70
Height
0.27
0.25
0.25 -0.21
0.76
0.42
2
Day
0.07
0.12
0.12 -0.16
0.30
0.32
Density
-0.06
0.16
0.16 -0.37
0.26
0.28
Density2
0.02
0.10
0.10 -0.18
0.21
0.27
Year:2012
0.20
0.36
0.36 -0.50
0.91
0.14
Year:2013
0.17
0.39
0.39 -0.61
0.94
0.14
Density—Mean vegetation density
Canopy—Overhead canopy cover
Day—day within year, relative to May 4
Height—Nest height
Stage— Categorical phenological stage of the nest, 0 nestlings, 1 nest doesn’t contain
nestlings.
Year—Year in which nest was intitated, 2011 (intercept), 2012 or 2013.
Kemper Co., MS, April-July 2011-2013.
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Table 5.9
Interc
3.43
3.44
3.20
3.40
3.49
3.75
3.54
3.34

Model selection table of top models of prairie warbler nest survival using
logistic exposure (logit scale).

Density Density2 Canopy Day Day2 Height Stage
-0.32
-0.38 0.34
+
-0.40
-0.18 -0.39 0.33
+
-0.40 0.35 0.18
+
-0.35 0.31
+
-0.29
0.32
+
-0.28
-0.29 +
-0.28 -0.08
-0.39 0.35
+
-0.25
-0.39 0.36 0.08
+

Year
-

df LogL AICc
∆AICc wi
5 -91.64 193.58 0.00 0.07
6 -91.17 194.76 1.18 0.04
5 -92.31 194.92 1.34 0.04
4 -93.41 195.01 1.43 0.04
4 -93.49 195.18 1.60 0.03
4 -93.54 195.27 1.69 0.03
6 -91.48 195.37 1.79 0.03
6 -91.48 195.38 1.80 0.03

Interc—Model intercept
Density—Mean vegetation density
Canopy—Overhead canopy cover
Day—day within year, relative to May 4
Height—Nest height
Stage— Categorical phenological stage of the nest, 0 nestlings, 1 nest doesn’t contain
nestlings.
Year—Year in which nest was intitated, 2011 (intercept), 2012 or 2013.
Kemper Co., MS, April-July 2011-2013.
Table 5.10

Model averaged estimates of prairie warbler nest survival parameters
logistic exposure (logit scale).

Std.
Adjusted Lower Upper
Parameter Estimate Error SE
CI
CI
Importance
(Intercept)
3.58
0.52
0.52
2.57
4.60
1.00
Stage
-1.35
0.43
0.44 -2.20 -0.49
0.99
2
Day
0.33
0.19
0.19 -0.04
0.70
0.66
Day
-0.35
0.20
0.20 -0.75
0.04
0.65
Density
-0.31
0.19
0.19 -0.68
0.07
0.57
Height
0.11
0.15
0.15 -0.19
0.41
0.34
Canopy
-0.14
0.19
0.19 -0.52
0.24
0.33
2
Density
-0.09
0.13
0.13 -0.35
0.17
0.31
Year:2012
-0.39
0.64
0.64 -1.65
0.87
0.16
Year:2013
-0.46
0.59
0.60 -1.63
0.71
0.16
Density—Mean vegetation density
Canopy—Overhead canopy cover
Day—day within year, relative to May 4
Height—Nest height
Stage— Categorical phenological stage of the nest, 0 nestlings, 1 nest doesn’t contain
nestlings.
Year—Year in which nest was intitated, 2011 (intercept), 2012 or 2013.
Kemper Co., MS, April-July 2011-2013.
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Figure 5.1

Kernel density estimates of nest height and vegetation density for each of
the three species overlayed in pairs to show contrasts in nest placements.

Indigo bunting is green. Prairie warbler is blue and yellow-breasted chat is red. Data were
collected in Spring-Summer, Kemper Co., MS 2011-2013.
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Figure 5.2

Prediction intervals of influence of (a) Indigo Bunting, (b) Yellow-breasted
Chat, and combined (c) Indigo Bunting and Yellow-breasted Chat adult
density on Indigo Bunting vegetation density at nest sites.

Intervals are plotted over observed range of densities (x-axis in quarter standard
deviations). April-July, 2011-2013, Kemper County, MS.
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Figure 5.3

Prediction interval of influence of American Crow density index on height
of Prairie Warbler nests.

Intervals are plotted over observed range of densities (x-axis in quarter standard
deviations). April-July, 2011-2013, Kemper County, MS.
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CHAPTER VI
SYNTHESIS

Intercropping switchgrass (Panicum virgatum) in intensively managed production
pine (Pinus spp.) forest is a novel land use practice. Until recently, meaningful
predictions about biodiversity response to this management regime were not possible due
to a lack of research (Riffell et al. 2012). This dissertation, and related publications based
on the findings herein (Loman 2013, 2014), are among the earliest research completed on
wildlife response to intercropping. There now exists a small, but growing body of
literature on vertebrate response to intercropping switchgrass (Marshall et al. 2012,
Briones et al. 2013, Homyack et al. 2013, Loman et al. 2014).
All of these studies are limited however, as intercropping is so new, and there has
not been sufficient time from stand establishment for intercropped stands to look at
effects of intercropping throughout an entire stand rotation. Additionally, there are many
interacting or potentially mitigating factors known to affect biodiversity in intensively
managed pine stands that have not been as of yet investigated within the context of
intercropping.
The key result from Chapter II was that distribution and amount of coarse woody
debris (CWD) were unaffected by site preparation for intercropping and establishment of
switchgrass. Research by Iglay et al. (2012) found reductions in woody plant biomass
resulting from intercropping. This suggests there may be reduced wood on the landscape
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after a complete stand rotation of intercropping. Therefore it may be necessary to look at
CWD after a complete rotation to determine any residual effect on CWD. I found a
reduction in standing snags and green trees from site preparation for intercropping. This
may impede positive conservation externalities from snag and green tree retention
policies, although this was not studied directly in this dissertation. Future research may
clarify what if any consequences to snag-utilizing species may result from this structural
habitat change.
Chapter III examined bird community response to establishment of switchgrass in
an intercropped setting and in monocultures within an operational scale landscape
managed for forest products and switchgrass as a biofuel feedstock. Intensively managed
pine supports a diverse avian assemblage potentially affected by establishment and
maintenance of an annual biomass feedstock via changes in plant communities, dead
wood resources, and habitat structure. I detected 63 breeding bird species from more than
11,000 detections (Figure 6.1). Neotropical migrants and forest-edge associated species
were less abundant in intercropped plots than controls the first two years after
establishment and more abundant in year three. Short distance migrants and residents
were scarce in intercropped and control plots initially, and did not differ between these
two treatments in any year. Species associated with pine-grass habitat structure were less
abundant initially in intercropped plots, but converged with pine controls in subsequent
years. Switchgrass monocultures provided minimal resources for birds.
Chapter IV moved beyond habitat usage as a stand-in for habitat quality, and
additionally examined if there were demographic or productivity effects on songbirds
from nesting in intercropped plantations. In this chapter I proposed a new method for
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generating nest survivorship estimates using Bayesian hierarchical models. This approach
uses hyperpriors to share information within bird guilds to inform survivorship estimates
of rarely encountered species for which limited data were available. This chapter
additionally addressed nest placement effects on nest survivorship. I studied songbirds
nesting survival during 2011-2013 in Kemper County, MS, and found nests and modeled
survival for 16 species of passerines and Mourning Dove (Zenaida macroura). I found no
clear positive or negative effect on nest survivorship of breeding birds from intercropping
during initial stages of switchgrass establishment or of nest placement parameters within
the range of values observed in this research context.
Chapter V used the intercropped study system to examine mechanisms promoting
sympatry in nesting songbirds. I found evidence for dominance of one species, yellowbreasted chat (Icteria virens), over another, indigo bunting (Passerina cyanea) in
competition for nest sites further displacing buntings from preferentially used microsite
nest sites to otherwise less used nest sites did not yield direct productivity consequences.
This may explain multiple species using nest sites within this broad fitness-consequenceneutral niche space. Songbird nest survival and nest success studies often fail to
determine influence of microsite characteristics on nest predation. The breadth of a wide
“adaptive peak” in microsite-based nest site selection allows coexistence of these
sympatric nesting species. In a third sympatric species, prairie warbler, coexistence was
best explained simply by niche partioning, and this species altered nest placement in
response to predator abundance. I illustrate a mechanism how songbirds competing for
nest sites can coexist in sympatry without the dominant species driving a subordinate
competitor to local extirpation.
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Conclusions
Switchgrass intercropping provides important habitat for bird communities (Table
6.1-6.4) It provides similar structure to typically managed pine plantation forests for
vertebrate communities that use downed course woody debris (DCWD) following
clearcut harvesting, site preparation and replanting of pines, before much of the naturally
occurring plant communities have had time to reestablish. Intercropping provides less
suitable habitat structure for species reliant on standing snags or green trees that are
retained after harvesting crop trees, although this does not account for non-operational
stands on the landscape, such as stream buffers, which can provide substantial dead wood
resources (Wigley et al. 2000, Miller et al. 2009). Maintaining DCWD via intercropping
provides an advantage of this lignocellulosic feedstock production method over removal
of residual woody biomass.
Bird communities were altered following establishment of switchgrass, however
there was fairly rapid convergence in communities with variation depending on species
guild. Rapid convergence of bird communities in forests following management was not
unexpected, as other forest management practices in loblolly pine plantations have
produced similar results (e.g., Lane et al. 2011). compared with unmanaged There was
not an apparent positive or negative effect on nest survivorship of breeding songbirds
from intercropping during initial stages of switchgrass establishment. If, and how,
community composition or nest survivorship may change as stands age is unclear. Also,
meriting further study is potential effect on other demographic parameters such as adult
and fledgling survivorship, and songbird use and survivorship response to intercropping
outside the breeding season. Effects of scale, landscape configuration (Dauber et al.
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2010) and harvest schedules (Murray and Best 2003, Roth et al. 2005, Fargione et al.
2009, Riffell et al. 2012, Robertson et al. 2012) should also be studied.
Research should continue throughout the plantation rotation as changes in stand
forest structure may become pronounced through time. Study outside the breeding season
is also needed. Other grass species under consideration for use in intercropping including
elephant grass (Miscanthus giganteus) and reed canary grass (Phalaris arundinacea)
should be studied. Neither of these non-native species have been studied in the context of
intercropping in the United States as it relates to bird conservation, and different bird
communities will likely respond to these grass species in different ways (Semere and
Slater 2006, Kirsch et al. 2007, Bellamy et al. 2009, Robertson et al. 2011).
If songbird conservation is a management priority, land managers using
intercropping on the landscape should consider abundance reductions within some bird
guilds for up to two years following intercropping, and should not grow switchgrass in
monocultures in a forest matrix. However, how these abundance relationships will
change as stands age is unclear or outside of the breeding season and may be beneficial
over the longer term for some early successional species.
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Table 6.1

Complete list of bird species detected with point counts in intercropped,
older intercropped, pine control and switchgrass monoculture plots,

Common Name
American Bittern
American Crow
American Goldfinch
American Kestrel
Barn Swallow
Black Vulture
Black-and-white Warbler
Blue Grosbeak
Blue Jay
Blue-gray Gnatcatcher
Bobolink
Brown Thrasher
Brown-headed Cowbird
Brown-headed Nuthatch
Carolina Chickadee
Carolina Wren
Cedar Waxwing
Chimney Swift
Cliff Swallow
Common Grackle
Common Ground-dove
Common Nighthawk
Common Yellowthroat
Downy Woodpecker
Eastern Bluebird
Eastern Kingbird
Eastern Meadowlark
Eastern Towhee
Eastern Wood-pewee
Field Sparrow
Fish Crow
Gray Catbird
Great Blue Heron
Great Crested Flycatcher
Indigo Bunting
Kentucky Warbler
Killdeer
Mourning Dove
Northern Bobwhite

Scientific Name
Botaurus lentiginosus
Corvus brachyrhynchos
Spinus tristis
Falco sparverius
Hirundo rustica
Coragyps atratus
Mniotilta varia
Passerina caerulea
Cyanocitta cristata
Polioptila caerulea
Dolichonyx oryzivorus
Toxostoma rufum
Molothrus ater
Sitta pusilla
Poecile carolinensis
Thryothorus ludovicianus
Bombycilla cedrorum
Chaetura pelagica
Petrochelidon pyrrhonota
Quiscalus quiscula
Columbina passerine
Chordeiles minor
Geothlypis trichas
Picoides pubescens
Sialia sialis
Tyrannus tyrannus
Sturnella magna
Pipilo erythrophthalmus
Contopus virens
Spizella pusilla
Corvus ossifragus
Dumetella carolinensis
Ardea herodias
Myiarchus crinitus
Passerina cyanea
Geothlypis Formosa
Charadrius vociferus
Zenaida macroura
Colinus virginianus
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Table 6.1 (Continued)
Northern Cardinal
Cardinalis cardinalis
Northern Flicker
Colaptes auratus
Northern Mockingbird
Mimus polyglottos
Orchard Oriole
Icterus spurius
Painted Bunting
Passerina ciris
Pine Warbler
Setophaga pinus
Prairie Warbler
Setophaga discolor
Purple Martin
Progne subis
Red-bellied Woodpecker
Melanerpes carolinus
Red-eyed Vireo
Vireo olivaceus
Red-headed Woodpecker
Melanerpes erythrocephalus
Red-shouldered Hawk
Buteo lineatus
Rock Pigeon
Columba livia
Ruby-throated Hummingbird
Archilochus colubris
Sedge Wren
Cistothorus platensis
Summer Tanager
Piranga rubra
Swainson's Warbler
Limnothlypis swainsonii
Tufted Titmouse
Baeolophus bicolor
Turkey Vulture
Cathartes aura
White-eyed Vireo
Vireo griseus
Wild Turkey
Meleagris gallopavo
Wood Thrush
Hylocichla mustelina
Yellow-billed Cuckoo
Coccyzus americanus
Yellow-breasted Chat
Icteria virens
Kemper Co., MS, USA, May-July 2011-2013.
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Table 6.2

Detection frequency (% of surveys) with standard errors of bird species
detected by point counts within biofuel and control treatments, and ranked
abundance for pine control and intercropped treatments.

Species
American Bittern
American Crow
American Kestrel
Barn Swallow
Black Vulture
Blue Grosbeak
Blue Jay
Blue-gray Gnatcatcher
Brown Thrasher
Brown-headed Cowbird
Brown-headed Nuthatch
Carolina Chickadee
Carolina Wren
Chimney Swift
Cliff Swallow
Common Grackle
Common Nighthawk
Common Yellowthroat
Eastern Bluebird
Eastern Kingbird
Eastern Towhee
Eastern Wood-pewee
Field Sparrow
Fish Crow
Gray Catbird
Great Blue Heron
Great Crested Flycatcher
Indigo Bunting
Killdeer
Mourning Dove
No Species Detected
Northern Bobwhite
Northern Cardinal
Northern Flicker
Northern Mockingbird
Orchard Oriole
Prairie Warbler
Red-bellied Woodpecker
Red-eyed Vireo
Red-headed
Woodpecker
Red-shouldered Hawk

PC
0.0
1.4
0.5
13.4
0.9
19.0
2.3
0.0
2.8
30.1
0.0
0.0
1.9
1.4
0.5
0.5
1.4
4.2
28.7
34.7
2.3
0.0
1.9
0.5
0.5
0.5
2.3
38.9
0.5
18.1
2.8
9.7
2.8
3.2
41.7
9.7
5.1
8.8
0.0

SE
0.0
0.7
0.4
2.0
0.6
2.3
0.9
0.0
1.0
2.7
0.0
0.0
0.8
0.7
0.4
0.4
0.7
1.2
2.7
2.8
0.9
0.0
0.8
0.4
0.4
0.4
0.9
2.9
0.4
2.3
1.0
1.7
1.0
1.0
2.9
1.7
1.3
1.7
0.0

IC
2.8
0.0
0.0
13.9
0.0
5.6
5.6
0.0
0.0
11.1
8.3
0.0
0.0
0.0
0.0
0.0
0.0
5.6
41.7
33.3
0.0
2.8
0.0
2.8
0.0
0.0
5.6
13.9
2.8
2.8
11.1
13.9
5.6
8.3
38.9
0.0
0.0
0.0
0.0

SE
2.7
0.0
0.0
5.8
0.0
3.8
3.8
0.0
0.0
5.2
4.6
0.0
0.0
0.0
0.0
0.0
0.0
3.8
8.2
7.9
0.0
2.7
0.0
2.7
0.0
0.0
3.8
5.8
2.7
2.7
5.2
5.8
3.8
4.6
8.1
0.0
0.0
0.0
0.0

SG
0.0
0.0
0.0
8.3
0.0
0.0
2.8
0.0
0.0
2.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.8
5.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.8
2.8
72.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

SE
0.0
0.0
0.0
4.6
0.0
0.0
2.7
0.0
0.0
2.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.7
3.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.7
2.7
7.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

OIC
0.0
3.3
0.0
0.0
0.0
5.6
10.0
4.4
12.2
44.4
0.0
10.0
11.1
0.0
0.0
0.0
0.0
46.7
0.0
12.2
65.6
0.0
20.0
3.3
11.1
0.0
1.1
98.9
0.0
13.3
0.0
44.4
28.9
1.1
8.9
32.2
63.3
1.1
1.1

SE
0.0
1.9
0.0
0.0
0.0
2.4
3.2
2.2
3.5
5.2
0.0
3.2
3.3
0.0
0.0
0.0
0.0
5.3
0.0
3.5
5.0
0.0
4.2
1.9
3.3
0.0
1.1
1.1
0.0
3.6
0.0
5.2
4.8
1.1
3.0
4.9
5.1
1.1
1.1

PC
Rank
T32
T27
T32
9
T30
7
T22
NA
T19
5
NA
NA
T25
T27
T32
T32
T27
T15
6
4
T22
NA
T25
T32
T32
T32
T22
3
T32
8
T19
10
T19
18
2
T10
T13
12
NA

IC
Rank
T17
NA
NA
T4
NA
T12
T12
NA
NA
T8
T10
NA
NA
NA
NA
NA
NA
T12
1
3
NA
T17
NA
T17
NA
NA
T12
T4
T17
T17
T8
T4
T12
T10
2
NA
NA
NA
NA

48.1
0.9

2.9
0.6

13.9
0.0

5.8
0.0

0.0
0.0

0.0
0.0

1.1
0.0

1.1
0.0

1
T30

T4
NA
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Table 6.2 (Continued)
Rock Pigeon
Ruby-throated
Hummingbird
Summer Tanager
Turkey Vulture
White-eyed Vireo
Wild Turkey
Yellow-billed Cuckoo
Yellow-breasted Chat

0.5

0.4

0.0

0.0

0.0

0.0

0.0

0.0

T32

NA

3.7
0.5
5.1
0.0
0.0
0.0
4.2

1.1
0.4
1.3
0.0
0.0
0.0
1.2

0.0
0.0
2.8
0.0
0.0
0.0
2.8

0.0
0.0
2.7
0.0
0.0
0.0
2.7

0.0
0.0
2.8
0.0
0.0
0.0
2.8

0.0
0.0
2.7
0.0
0.0
0.0
2.7

3.3
1.1
0.0
58.9
1.1
2.2
100.0

1.9
1.1
0.0
5.2
1.1
1.6
0.0

17
T32
T13
NA
NA
NA
T15

NA
NA
T17
NA
NA
NA
T17

May – July, 2011, Kemper Co. MS, USA. PC is pine control, IC is intercropped, OIC is
older intercropped, and SG is switchgrass monoculture.
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Table 6.3

Detection frequency (% of surveys) with standard errors of bird species
detected by point counts within biofuel and control treatments, and ranked
abundance for pine control and intercropped treatments.

Species
American Crow
American Goldfinch
American Kestrel
Barn Swallow
Black Vulture
Blue Grosbeak
Blue Jay
Blue-gray Gnatcatcher
Bobolink
Brown Thrasher
Brown-headed Cowbird
Brown-headed Nuthatch
Carolina Chickadee
Carolina Wren
Cedar Waxwing
Common Grackle
Common Ground-dove
Common Yellowthroat
Downy Woodpecker
Eastern Bluebird
Eastern Kingbird
Eastern Towhee
Eastern Wood-pewee
Field Sparrow
Fish Crow
Gray Catbird
Great Blue Heron
Great Crested Flycatcher
Indigo Bunting
Kentucky Warbler
Mourning Dove
No Species Detected
Northern Bobwhite
Northern Cardinal
Northern Flicker
Northern Mockingbird
Orchard Oriole
Painted Bunting
Prairie Warbler
Purple Martin
Red-bellied
Woodpecker

PC
3.3
2.2
0.0
3.3
0.0
37.2
2.2
1.1
0.6
2.8
27.2
0.0
1.1
6.7
1.1
1.7
1.7
83.9
0.6
16.7
24.4
20.6
1.1
10.0
0.0
1.1
0.6
1.1
97.8
0.0
22.2
0.0
61.7
19.4
5.6
46.7
43.3
0.0
81.7
1.1

SE
1.3
1.1
0.0
1.3
0.0
3.6
1.1
0.8
0.6
1.2
3.3
0.0
0.8
1.9
0.8
1.0
1.0
2.7
0.6
2.8
3.2
3.0
0.8
2.2
0.0
0.8
0.6
0.8
1.1
0.0
3.1
0.0
3.6
2.9
1.7
3.7
3.7
0.0
2.9
0.8

IC
6.7
1.1
2.2
2.2
1.1
35.6
1.1
0.0
0.0
1.1
22.2
0.0
3.3
8.9
0.0
0.0
0.0
32.2
0.0
12.2
17.8
16.7
0.0
1.1
0.0
1.1
0.0
2.2
87.8
0.0
13.3
2.2
51.1
7.8
1.1
61.1
37.8
0.0
42.2
0.0

SE
2.6
1.1
1.6
1.6
1.1
5.0
1.1
0.0
0.0
1.1
4.4
0.0
1.9
3.0
0.0
0.0
0.0
4.9
0.0
3.5
4.0
3.9
0.0
1.1
0.0
1.1
0.0
1.6
3.5
0.0
3.6
1.6
5.3
2.8
1.1
5.1
5.1
0.0
5.2
0.0

SG
0.0
0.0
0.0
2.8
0.0
0.0
0.0
0.0
8.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
8.3
8.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
77.8
5.6
0.0
0.0
2.8
2.8
0.0
0.0
0.0

SE
0.0
0.0
0.0
2.7
0.0
0.0
0.0
0.0
4.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.6
4.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.9
3.8
0.0
0.0
2.7
2.7
0.0
0.0
0.0

OIC
21.1
1.1
0.0
0.0
0.0
0.0
23.3
6.7
0.0
14.4
43.3
4.4
8.9
30.0
0.0
0.0
0.0
80.0
1.1
1.1
0.0
82.2
0.0
6.7
7.8
18.9
0.0
0.0
88.9
1.1
21.1
0.0
46.7
50.0
0.0
1.1
21.1
3.3
56.7
0.0

SE
4.3
1.1
0.0
0.0
0.0
0.0
4.5
2.6
0.0
3.7
5.2
2.2
3.0
4.8
0.0
0.0
0.0
4.2
1.1
1.1
0.0
4.0
0.0
2.6
2.8
4.1
0.0
0.0
3.3
1.1
4.3
0.0
5.3
5.3
0.0
1.1
4.3
1.9
5.2
0.0

PC
Rank
T20
T23
NA
T20
NA
9
T23
T29
T38
22
10
NA
T29
18
T29
T26
T26
3
T38
15
11
13
T29
16
NA
T29
T38
T29
1
NA
12
NA
5
14
19
6
7
NA
4
T29

IC
Rank
17
T24
T19
T19
T24
7
T24
NA
NA
T24
9
NA
18
15
NA
NA
NA
8
NA
14
11
12
NA
T24
NA
T24
NA
T19
1
NA
13
T19
4
16
T24
2
6
NA
5
NA

1.7

1.0

0.0

0.0

0.0

0.0

1.1

1.1

T26

NA
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Table 6.3 (Continued)
Red-headed
Woodpecker
Ruby-throated
Hummingbird
Summer Tanager
Swainson's Warbler
Tufted Titmouse
Turkey Vulture
White-eyed Vireo
Wild Turkey
Yellow-breasted Chat

42.8

3.7

17.8

4.0

0.0

0.0

0.0

0.0

8

10

1.1
0.6
0.6
0.0
2.2
7.2
1.1
96.1

0.8
0.6
0.6
0.0
1.1
1.9
0.8
1.4

0.0
0.0
0.0
0.0
2.2
1.1
0.0
60.0

0.0
0.0
0.0
0.0
1.6
1.1
0.0
5.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

5.6
1.1
0.0
1.1
0.0
80.0
7.8
100.0

2.4
1.1
0.0
1.1
0.0
4.2
2.8
0.0

T29
T38
T38
NA
T23
17
T29
2

NA
NA
NA
NA
T19
T24
NA
3

May – July, 2012, Kemper Co. MS, USA. PC is pine control, IC is intercropped, OIC is
older intercropped, and SG is switchgrass monoculture.
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Table 6.4

Detection frequency (% of surveys) with standard errors of bird species
detected by point counts within biofuel and control treatments, and ranked
abundance for pine control and intercropped treatments.

Species
American Crow
American Goldfinch
American Kestrel
Barn Swallow
Black-and-white
Warbler
Blue Grosbeak
Blue Jay
Blue-gray
Gnatcatcher
Brown Thrasher
Brown-headed
Cowbird
Carolina Chickadee
Carolina Wren
Common Nighthawk
Common
Yellowthroat
Downy Woodpecker
Eastern Bluebird
Eastern Kingbird
Eastern Meadowlark
Eastern Towhee
Eastern WoodPewee
Field Sparrow
Gray Catbird
Great Crested
Flycatcher
Indigo Bunting
Mourning Dove
No Species Detected
Northern Bobwhite
Northern Cardinal
Northern Flicker
Northern
Mockingbird
Orchard Oriole
Pine Warbler
Prairie Warbler
Red-bellied
Woodpecker
Red-eyed Vireo

PC
0.6
1.7
0.6
0.6

SE
0.6
1.0
0.6
0.6

IC
2.2
2.2
0.0
2.2

SE
1.6
1.6
0.0
1.6

SG
0.0
0.0
0.0
6.7

SE
0.0
0.0
0.0
4.6

OIC
4.4
1.1
0.0
0.0

SE
2.2
1.1
0.0
0.0

PC
Rank
T30
T23
T30
T30

IC
Rank
T21
T21
NA
T21

0.0
17.2
1.7

0.0
2.8
1.0

0.0
22.2
4.4

0.0
4.4
2.2

0.0
3.3
0.0

0.0
3.3
0.0

3.3
0.0
18.9

1.9
0.0
4.1

NA
13.0
T23

NA
10.0
T19

0.0
2.2

0.0
1.1

0.0
5.6

0.0
2.4

0.0
0.0

0.0
0.0

2.2
2.2

1.6
1.6

NA
T21

NA
T17

39.4
7.2
1.1
0.6

3.6
1.9
0.8
0.6

30.0
4.4
0.0
0.0

4.8
2.2
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

21.1
10.0
25.6
0.0

4.3
3.2
4.6
0.0

6.0
16.0
T26
T30

8.0
T19
NA
NA

83.3
0.0
0.6
9.4
0.0
40.6

2.8
0.0
0.6
2.2
0.0
3.7

94.4
0.0
0.0
18.9
0.0
42.2

2.4
0.0
0.0
4.1
0.0
5.2

0.0
0.0
0.0
10.0
3.3
0.0

0.0
0.0
0.0
5.5
3.3
0.0

73.3
3.3
0.0
0.0
0.0
57.8

4.7
1.9
0.0
0.0
0.0
5.2

4.0
NA
T30
15.0
NA
5.0

3.0
NA
NA
12.0
NA
5.0

1.1
6.7
3.3

0.8
1.9
1.3

0.0
15.6
5.6

0.0
3.8
2.4

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
11.1

0.0
0.0
3.3

T26
17.0
19.0

NA
14.0
T17

2.8
92.8
16.1
0.0
18.9
20.6
4.4

1.2
1.9
2.7
0.0
2.9
3.0
1.5

1.1
94.4
20.0
0.0
14.4
17.8
0.0

1.1
2.4
4.2
0.0
3.7
4.0
0.0

0.0
0.0
10.0
70.0
0.0
0.0
0.0

0.0
0.0
5.5
8.4
0.0
0.0
0.0

0.0
83.3
10.0
0.0
11.1
46.7
0.0

0.0
3.9
3.2
0.0
3.3
5.3
0.0

20.0
2.0
14.0
NA
12.0
10.0
18.0

T24
2.0
11.0
NA
15.0
13.0
NA

26.1
32.2
0.0
88.9

3.3
3.5
0.0
2.3

32.2
41.1
0.0
91.1

4.9
5.2
0.0
3.0

0.0
3.3
0.0
0.0

0.0
3.3
0.0
0.0

5.6
3.3
2.2
53.3

2.4
1.9
1.6
5.3

8.0
7.0
NA
3.0

7.0
6.0
NA
4.0

0.6
1.1

0.6
0.8

1.1
1.1

1.1
1.1

0.0
0.0

0.0
0.0

0.0
1.1

0.0
1.1

T30
T26

T24
T24
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Table 6.4 (Continued)
Red-headed
Woodpecker
Ruby-throated
Hummingbird
Sedge Wren
Tufted Titmouse
Turkey Vulture
White-eyed Vireo
Wood Thrush
Yellow-billed
Cuckoo
Yellow-breasted
Chat

19.4

2.9

6.7

2.6

3.3

3.3

0.0

0.0

11.0

16.0

2.2
1.1
0.0
1.7
23.3
0.0

1.1
0.8
0.0
1.0
3.2
0.0

0.0
1.1
0.0
0.0
23.3
0.0

0.0
1.1
0.0
0.0
4.5
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

4.4
0.0
1.1
0.0
65.6
2.2

2.2
0.0
1.1
0.0
5.0
1.6

T21
T26
NA
T23
9.0
NA

NA
T24
NA
NA
9.0
NA

0.6

0.6

0.0

0.0

0.0

0.0

4.4

2.2

T30

NA

100.0

0.0

100.0

0.0

0.0

0.0

97.8

1.6

1.0

1.0

May – July, 2013, Kemper Co. MS, USA. PC is pine control, IC is intercropped, OIC is
older intercropped, and SG is switchgrass monoculture.
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