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ABSTRACT
Recent avian population declines emphasize the need to quantify populations of at-risk
species, assess bird community diversity, and better understand the habitat characteristics
associated with bird population densities and community diversity. In response to bird declines,
the lowa Department of Natural Resources has established Bird Conservation Areas (BCAs) and
has listed many at-risk bird species as Species of Greatest Conservation Need (SGCN). This
study focuses primarily on lowa forest birds, one of many groups of birds with declining
populations. The goals of this study were to 1) estimate densities of breeding avian SGCNs and
other species of management interest, 2) determine relationships between breeding bird densities
and habitat metrics, and 3) quantify bird diversity and determine relationships between bird
diversity and habitat metrics. Our study took place in three primarily forested Bird Conservation
Avreas in south-central lowa. To estimate density, we used point counts over a grid of 493 points
visited twice each breeding season from 2016 to 2019 and hierarchical distance sampling (HDS)
models. To estimate relationships between bird density and habitat, we incorporated 13 habitat
covariates over a range of spatial scales into HDS models for 10 species of conservation and
management concern. To estimate bird diversity and determine bird diversity-habitat
relationships, we estimated species richness by summing occupancy probabilities from HDS
models for 77 total species and 24 SGCN and used multiple regression to compare estimates
with 13 habitat metrics over a range of spatial scales. The five SGCN with the greatest estimated
densities (in descending order) were Eastern Wood-Pewee (Contopus virens), Ovenbird (Seiurus
aurocapilla), Common Yellowthroat (Geothlypis trichas), Acadian Flycatcher (Empidonax
virescens), and Scarlet Tanager (Piranga olivacea), with mean estimated densities ranging from

0.195 — 0.698 birds/ha. Median estimated overall species richness within a 100-m point count



viii
radius was 20.4, and median estimated SGCN species richness was 4.0. Densities of Red-headed
Woodpecker (Melanerpes erythrocephalus), Acadian Flycatcher, Wood Thrush (Hylochichla
mustelina), Ovenbird (Seiurus aurocapilla), Common Yellowthroat, and Scarlet Tanager
(Piranga olivacea) were positively associated with landscape scale forest cover at either a 1 km
or 10 km scale, while Field Sparrow densities were negatively associated with landscape-scale
forest cover. Landscape-scale forest cover within 10 km was also positively associated with
overall species richness and SGCN species richness. Densities of forest birds such as Eastern
Wood-Pewee, Acadian Flycatcher, Wood Thrush, Ovenbird, and Scarlet Tanager were positively
associated with distance to forest edge, while densities of Field Sparrow and Common
Yellowthroat, two species of edges and open areas, had a negative association with distance to
forest edge. Edges and forest interiors (~800 m from edge) both had relatively high species
richness overall and for SGCN; SGCN species richness was greatest in the forest interior. Bird-
habitat relationships at smaller spatial scales were less consistent. For example, leaf litter ground
cover was positively associated with densities for five of ten individual species analyzed, but
negatively associated with Common Yellowthroat densities, overall species richness, and SGCN
species richness. Our results suggest that intact interior forest away from edges is especially
beneficial to SGCN and the bird community as a whole, but that the maintenance of some edge

and open habitat is also needed for some species.



CHAPTER 1. GENERAL INTRODUCTION

Background

At both continental and regional scales in North America, vegetation and primary
productivity explain much of the patterns of avian diversity and distributions; more productive
environments tend to have greater avian species richness (Hawkins and Porter 2003; Rowhani et
al. 2008). Deciduous forests are one of the most productive ecosystems in temperate North
America (Turner et al. 2003), and in the Midwestern United States alone, more than 120 bird
species breed in forests and woodlands (Niemi et al. 2016). Despite the plethora of bird species
in the eastern deciduous forest biome, which spans the Atlantic Coast of the United States and
extends as far northwest as Minnesota and as far southwest as northeastern Texas (Dyer 2006),
more than 60% of species which breed primarily in this biome are in decline (Rosenberg et al.
2019). These declines of avian populations and biodiversity make their assessments a high
priority.

On local landscape scale, disturbance by agriculture and suburban development within 1-
2 km negatively impacts bird diversity and the densities of forest species in eastern deciduous
and mixed forests (Askins and Philbrick 1987; Rodewald and Yahner 2001), although landscape-
scale reforestation efforts in the wake of disturbance can allow bird communities to recover
(Askins and Philbrick 1987). Habitat fragmentation and increasing edge habitat can also
negatively impact bird diversity because some species require a minimum area and interior forest
species often avoid forest edges (Kroodsma 1982; Ambuel and Temple 1983). At a stand scale,
vegetation structure is the primary driver of bird diversity and densities in eastern deciduous
forest. More structurally complex stands usually host a higher species diversity (MacArthur and

MacArthur 1961), and characteristics such as tree density, shrub density, and ground cover type



affect density of a variety of species at a stand scale (Anderson and Shugart 1974; Reidy et al.
2014). Conversion of structurally diverse mixed species forest to even-age, single species
silvicultural plantations can negatively impact bird diversity and densities (Twedt et al. 1999)
Thinning forests to increase regeneration of oak trees can positively impact bird diversity and
density by leaving ample canopy habitat while increasing habitat structure below the canopy
(Newell and Rodewald 2012).

In response to the decline of bird diversity and bird habitat in lowa and the Midwest, the
lowa Department of Natural Resources (DNR), in cooperation with the Partners in Flight
Midwest Working Group, established the Bird Conservation Areas (BCA) program with goals of
reducing habitat fragmentation and improving private land management (lowa DNR 2010;
Ehresman 2015). In 2015, BCAs as a whole harbored 83 out of the 85 bird species designated by
the lowa DNR as Species of Greatest Conservation Need (SGCN; Ehresman 2015; lowa
Department of Natural Resources 2015).

Objectives
The goals of this study were to quantify bird populations and the overall bird community in
the public cores of three primarily forested Bird Conservation Areas in south-central lowa, and
to determine bird-habitat relationships in these areas. We had three primary objectives to reach

these goals:

1) Estimate densities of breeding avian SGCNs and other species of management interest
using hierarchical distance sampling.
2) Determine relationships between breeding bird densities and habitat metrics using

hierarchical distance sampling.



3) Quantify bird diversity while accounting for imperfect detection probability using
hierarchical distance sampling, and determine relationships between bird diversity and

habitat metrics.

The findings of this study have several intended uses. First, they provide important baseline
data about the distribution and abundance of conservation priority species in these areas. Second,
an understanding of bird-habitat relationships will be useful to forest managers who seek to
manage the forest resource in a manner that is consistent with bird conservation. Third, there is
local interest to develop a birding trail, and information about the distribution and abundance of
conservation priority breeding birds will provide the basis for identifying key hotspots for

breeding birds.
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CHAPTER 2. DENSITY ESTIMATES OF CONSERVATION PRIORITY BIRDS IN
SOUTH-CENTRAL IOWA
A manuscript to be submitted to The Wilson Journal of Ornithology
Benjamin M. West! and Stephen J. Dinsmore!
!Department of Natural Resource Ecology and Management, lowa State University, Ames, IA,

50011, USA

Abstract

With recent declines in avian populations, it is important to obtain accurate estimates of
bird populations. Our study focused on 26 species of breeding birds of management concern, in
three primarily forested Bird Conservation Areas (BCAS) in south-central lowa. We used point
counts with distance sampling to account for imperfect detection when estimating density,
visiting a grid of 493 points twice each breeding season from 2016 to 2019 for a total of 3944
surveys. We produced hierarchal distance sampling models with a variety of covariates on
detection probability, as well as a binary forest cover covariate on abundance. For species with
<60 observations, we lumped data for similar species and used a species-specific covariate on
abundance. We combined survey-scale empirical Bayesian abundance distributions to estimate
an overall density, BCA-specific densities, and annual densities for each species. Overall density
estimates varied considerably between species. The five species with the greatest estimated
estimated densities (in descending order) were Eastern Wood-Pewee (Contopus virens),
Ovenbird (Seiurus aurocapilla), Common Yellowthroat (Geothlypis trichas), Acadian Flycatcher
(Empidonax virescens), and Scarlet Tanager (Piranga olivacea), with mean estimated densities
ranging from 0.195 — 0.698 birds/ha . The five species with the lowest estimated densities (in

ascending order) were Veery (Catharus fuscescens), Cerulean Warbler (Setophaga cerulea),



Broad-winged Hawk (Buteo platypterus), Northern Bobwhite (Colinus virginianus), and Eastern
Meadowlark (Sturnella magna), with mean estimated densities ranging from 0.003 — 0.008
birds/ha. Eastern Wood-Pewee densities were exceptionally high compared to similar studies,
while grassland species (e.g., Eastern Meadowlark ) and species on the periphery of their
breeding range (e.g., Cerulean Warbler) generally had low densities. This study provides current
population density estimates that have potential to serve as a baseline for future studies
estimating trends over time. In addition, these data will be useful to local forest managers as they
consider forest management practices and their impacts to local breeding birds. We recommend
maintaining interior forest habitat at the two most heavily forested BCAs for the benefit of
species such as Acadian Flycatcher while also some open habitat to benefit species such as Field
Sparrow.
Introduction

North American bird abundance has declined by almost 30% in recent decades
(Rosenberg et al. 2019), making accurate population estimates of declining and at-risk breeding
birds a high priority. Declines in some species have been severe enough that their current
breeding ranges have contracted to a fraction of their original extent (Rodriguez 2002). Forest
birds are one of many threatened groups of North American birds; more than 60% of species that
breed primarily in forests in the Eastern and Midwestern United States are in decline (Rosenberg
et al. 2019). On their breeding grounds, disturbance by suburban development, agriculture, and
forest fragmentation can all lead to forest bird population declines (Ambuel and Temple 1983;
Askins and Philbrick 1987; Rodewald and Yahner 2001). Although the effects of these types of
disturbance are often negative, the creation of edge habitat by removing forest benefits some bird

species (Kroodsma 1982). In addition to long-term declines in bird populations, bird populations



can fluctuate between years due to factors such as food availability, making multi-year studies
essential to accurately assess population sizes and trends (Holmes and Sherry 1988; Holmes and
Sherry 2001). Additionally, bird population trends on a local scale do not always match those on
a regional or continental scale (Holmes and Sherry 1988), making population assessments at
various sites within a region essential.

A basic and well understood challenge in bird studies is that not all birds present are
detected during surveys. Accounting for this imperfect detection when estimating bird
abundances is therefore critical to avoid biased estimates (Norvell et al. 2003). A variety of
methods exist to estimate detection probability of birds, including distance sampling (Buckland
et al. 2001), time removal methods (Farnsworth et al. 2002), double observer methods (Nichols
et al. 2000), and N-mixture models based on multiple visits (Royle 2004). Of these methods,
distance sampling is particularly common (Buckland et al. 2001). Detection probabilities from
distance sampling can be incorporated into models of abundance, thus allowing for modeled bird
density to vary between sampling locations based on habitat in a hierarchical distance sampling
model (Royle et al. 2004; Chandler et al. 2011).

While it is straightforward to estimate overall abundance for the entire study region from
a distance sampling model, or to estimate abundance at the scale of a single survey when using
hierarchical distance sampling (Royle et al. 2004; Fiske and Chandler 2011), obtaining estimates
with precision for areas representing larger subsets of surveys using maximum likelihood-based
methods is less straightforward. R package ‘unmarked’ estimates survey-scale abundance using
empirical Bayes methods; these survey scale estimates can be summed to create area-specific
estimates (Morris 1983; Fiske and Chandler 2011; Furnas et al. 2019). Obtaining precision for

these estimates is somewhat challenging, given that empirical Bayes methods do not incorporate



uncertainty in detection probability and abundance coefficients (Laird and Louis 1987; Fiske and
Chandler 2011). Parametric bootstrapping across the different levels of model hierarchy allows
for calculation of confidence intervals that capture uncertainty in hyperparameters, but this can
take considerable computation time with large datasets and multiple subsets (Furnas et al. 2019).
In spite of issues with biased and narrow confidence intervals as a result of not incorporating
hyperparameter uncertainty, using quantiles of empirical Bayesian posterior distributions
remains the fastest way to produce a precision estimate for empirical Bayesian estimates (Laird
and Louis 1987).

In this study we focus on 24 lowa Species of Greatest Conservation Need (SGCN), as
well as two additional bird species of management concern. Our goal for each study species was
to use hierarchical distance sampling to 1) estimate a single overall density across all BCAs and
years, 2) estimate density for each of the 3 BCAs across year, and 3) estimate an annual density
for each of the four years across all BCAs, eight estimates per species and 408 estimates in total.
We used hierarchical distance sampling with empirical Bayes methods to estimate densities for
each survey, and we combined posterior distributions from each survey to estimate a mean
density and quantile-based 95% confidence interval for the subsets of surveys listed above,
acknowledging the tradeoff between computational ease and bias when using quantile-based
empirical Bayes confidence intervals. We predicted a wide range of densities between species,
that forest species would occur in higher densities in more forested BCAs, and that some species’

populations would vary between years.



Methods

Study Area

Our study area comprised six units of Stephens State Forest and Sand Creek Wildlife
Management Area, spanning Clarke, Decatur, Lucas, Monroe, and Ringgold counties in south-
central lowa, USA. These properties are the “cores” of three primarily forested Bird
Conservation Areas (BCA), areas designated as containing habitat important to lowa bird
populations (Ehresman 2015). The Woodburn, Whitebreast, and Lucas Units of Stephens State
Forest are almost entirely contiguous and are located within the Stephens Forest BCA, these
units combined are 2,767 ha and will hereafter be collectively called “Stephens” (Figure 3.1A).
The Cedar Creek, Chariton, and Thousand Acres Units of Stephens State Forest are separated
from each other by a distance of 1-4 km and are located within Stephens Forest -Thousand Acres
BCA,; these units combined are 2,361 ha and will hereafter be collectively called “Thousand
Acres” (Figure 3.1B). Sand Creek Wildlife Management Area (hereafter “Sand Creek”), is 1,457
ha and is located within the Sand Creek Woodland Savanna BCA (Figure 3.1C).

These areas are comprised primarily of deciduous forest and woodlands, especially
upland oak (Quercus spp.)-hickory (Carya spp.) forest, but also bottomland cottonwood
(Populus deltoides)-silver maple (Acer saccharinum) woodlands. Small portions of these forests
are actively managed; activities include girdling to create standing dead wood and selective
harvesting of trees to create a more open canopy. The topography of these forests is
characterized primarily by ridges and ravines; many ravines have seasonal streams. Some larger
perennial streams and rivers are also present; bottomland forests tend to occur along these

waterways. Other habitats present in smaller patches are pine plantations, wetlands, grassland,
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pasture, and crop fields; grasslands were more prevalent at Sand Creek compared to the other
two study areas, and wetlands were largely confined to a small corner of Stephens (Figure 3.1).
Dominant tree species were white, northern red, and bur oaks (Quercus alba, Q. rubra, and Q.
velutina), shagbark hickory (Carya ovata), and American elm (Ulmus americana). Three species
of ash (Fraxinus spp.) were also present, but most individuals were standing deadwood killed by
emerald ash borer (Agrilus planipennis). Common woody plants in the understory and in
clearings included ironwood (Ostrya virginiana), coralberry (Symphoricarpos orbiculatus),
multiflora rose (Rosa multiflora), black raspberry (Rubus occidentalis), blackberry (Rubus
allegheniensis), and eastern redcedar (Juniperus virginiana).

Study Species and Species Groups

We modeled densities for 26 breeding bird species, 24 of which were listed as Species of
Greatest Conservation Need (SGCN) in lowa (lowa Department of Natural Resources 2015). We
excluded other SGCN for which there were <5 detections. In addition to SGCN, we also chose
to include Ovenbird (Seiurus aurocapilla) and Scarlet Tanager (Piranga olivacea). Ovenbirds
are only locally abundant in lowa (pers. obs.) and Scarlet Tanagers are considered an indicator
species for forest habitat quality (Rosenberg et al. 1999; Urban et al. 2012).

The general cutoff for number of detections in distance sampling analyses is ~60
(Buckland et al. 2001), but species with similar song volume, quality, and frequency can be
modeled with shared detection functions to improve sample size (Alldredge, Pollock, et al.
2007). We grouped SGCN with <60 detection into six different groups containing species with
similar song quality and habitat preferences; seven species in these groups were not one of the 26
species of interest; we do not report densities for these species. Northern Bobwhite (Colinus

virginianus), a SGCN, was grouped with Ring-necked Pheasant (Phasianus colchicus), a non-
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SGCN, on account of both being gallinaceous birds of open habitats with loud vocalizations; this
grouping will be called the “gallinaceous group” (Brennan et al. 2020; Giudice and Ratti 2020).
Yellow-billed Cuckoo (Coccyzus americanus) and Black-billed Cuckoo (Coccyzus
erythropthalmus), both SGCN, were grouped due to similar vocalizations and a shared
preference for shrubby habitat away from deep forest; this group will be called the “cuckoo
group” (Hughes 2020a; Hughes 2020b). We grouped Red-shouldered Hawk (Buteo lineatus) and
Broad-winged Hawk (Buteo platypterus), two SGCN, with Cooper’s Hawk (Accipiter cooperii)
and Red-tailed Hawk (Buteo jamaicensis), two non-SGCN; this group will collectively be called
the “hawk group”. Although vocalizations and habitat preferences differ between these hawk
species, all are members of the family Accipitridae and have at least moderately loud
vocalizations (Dykstra et al. 2020; Goodrich et al. 2020; Preston and Beane 2020; Rosenfield et
al. 2020). Eastern Kingbird (Tyrannus tyrannus), an SGCN, was grouped with Eastern Bluebird
(Sialia sialis), a non-SGCN; both species prefer savanna-type habitat, engage in aggressive and
vocal territory defense, and have a combination of soft and loud vocalizations; this group will be
referred to as “the savanna group” (Gowaty and Plissner 2020; Murphy and Pyle 2020). We
grouped Bell’s Vireo (Vireo bellii) and Brown Thrasher (Toxostoma rufum), two SGCN, with
two non-SGCN: White-eyed Vireo (Vireo griseus) and Yellow-breasted Chat (Icteria virens).
Each of these four species is relatively secretive, prefers scrubland and thicket habitats, and has a
moderately loud song; this group will be referred to the as “the scrubland grouping” (Cavitt and
Haas 2020; Eckerle and Thompson 2020; Hopp et al. 2020; Kus et al. 2020). We grouped Sedge
Wren (Cistothorus platensis), Grasshopper Sparrow (Ammodramus savannarum), and Henslow’s
Sparrow (Ammodramus henslowii), three SGCN, into a “quiet grassland grouping.” All are all

secretive grassland species with quiet songs; previous research suggests that Grasshopper
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Sparrows are somewhat harder to detect than the other two species, but Henslow’s Sparrow and
Sedge Wren generally have similar detection probabilities (Rigby and Johnson 2019). Given our
low number of Grasshopper Sparrow detections we believed this grouping was our best option to
estimate density that species’ density. We grouped Veery (Catharus fuscescens) and Cerulean
Warbler (Setophaga cerulea), two SGCN, along with the non-SGCN, Summer Tanager (Piranga
rubra) and (Piranga olivacea) as “forest grouping.” There is previous precedent for grouping
Scarlet Tanager and Veery in distance sampling analyses (Alldredge, Pollock, et al. 2007), and
all of these species are area-sensitive forest birds that have moderately loud songs (Buehler et al.
2020; Heckscher et al. 2020; Mowbray 2020; Robinson 2020). We grouped Eastern Meadowlark
(Sturnella magna) and Bobolink (Dolichonyx oryzivorus), two SGCN, into a “loud grassland
grouping” due to being loudly singing, easy-to-detect grassland species (Rigby and Johnson
2019). SGCN with single-species models included Red-headed Woodpecker (Melanerpes
erythrocephalus), Northern Flicker (Colaptes auratus), Eastern Wood-Pewee (Contopus virens),
Acadian Flycatcher (Empidonax virescens), Wood Thrush (Hylocichla mustelina), Field Sparrow
(Spizella pusilla), Baltimore Oriole (Icterus galbula), and Common Yellowthroat (Geothlypis
trichas); Ovenbird also had a single species model.
Bird Surveys

We conducted bird point counts from mid-to-late May through early-to-mid August
2016-2019. We randomly placed a grid of points 300 m apart at each site, and we removed
points within 150 m of a study area boundary, resulting in 503 total points (Figure 2.2). We
conducted 10-min, 100-m radius multispecies bird point counts. Data were collected on all bird
detections, but we excluded visual-only detections and detections of known females and

juveniles. For consistency with other studies, we would have ideally used only singing males for
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most species but due to slight changes in data collection protocol between years, we were unable
to reliably determine singing males versus other types of detections. Our survey condition
parameters were to conduct surveys between 0.7 hours before and 4.5 hours after sunrise with
wind speeds <20 km/h and no precipitation. Both wind speed and time since sunrise were
considered as covariates in models to account for deviations from our protocol (see Bird Survey
Covariates below). Of 503 original points, 493 were surveyed twice each year for an early and
late season visit; the cutoff between the seasons was approximately 1 July, and 10 of the original
points were missed at least one of four years due logistical issues such as flooding. There were
five total observers and two observers per season; when possible (85% of cases), each observer
visited each point once during a season to minimize observer bias. Two relatively inexperienced
observers surveyed in 2016 only, one experienced observer surveyed 2017-2019, one moderately
experienced observer surveyed in 2017 and 2018, and a separate experienced observer surveyed

in 2019 only.

Bird Survey Covariates

We obtained precipitation data and average wind speed data from climate stations at
municipal airports in Chariton, lowa, USA (Station ID: WBAN:04913) and Osceola, lowa, USA
(Station ID: WBAN:54942), as these variables may affect an observer’s ability to hear a bird
vocalization. The Chariton station was ~21 km from the center of Thousand Acres, ~14 km from
the center of Stephens, and ~57 km from the center of Sand Creek. The Osceola station was ~48
km from the center of Thousand Acres, ~16 km from the center of Stephens, and ~34 km from
the center of Sand Creek. Despite the somewhat long distances, these were the closest weather
stations to our study areas, and we lacked consistent weather data from the survey points. At both

stations, weather data were recorded at 15 minutes, 35 minutes, and 55 minutes after each hour.
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Precipitation was defined as at least one station having a present weather code indicating rain,
fog, etc., and thus we likely overestimated the proportion of surveys with precipitation. Due to a
low proportion of surveys with precipitation and lack of survey site-specific data, we did not
ultimately include precipitation as a model covariate.

When both weather stations were functional, we averaged wind speeds for Chariton and
Osceola for all sites. Occasionally, one of the two stations was offline; in these cases, we only
used data from the functional station. We excluded one aberrant wind speed reading at the
Chariton weather station (>1000 km/h) and used only the Osceola data. There were seven (7)
instances out of 629 where neither station recorded data; in these cases; we found a time within
40 minutes of the missing value and used the averaged wind speed from that time. For each bird
survey, we used the wind speed value that was closest in time to the start of the bird survey; e.g.,
if a bird survey started at 8:01 a.m., we would use the wind speed data from 7:55 a.m.

We obtained sunrise times for the lowa municipalities of Grand River, Woodburn, Lucas,
and Russell from the Astronomical Observations Department of the United States Naval
Observatory (3450 Massachusetts Ave NW, Washington, DC 20392). We used Grand River
sunrise times for Sand Creek, Woodburn for the Woodburn and Whitebreast Units in Stephens,

Lucas for the Lucas Unit in Stephens, and Russell for all units of Thousand Acres.

Forest Delineation

In response to the combination of forest and grassland species in our study area, we
assigned points to “forest” or “non-forest” categories. To determine if a point was in a forest, we
digitized forest to polygons in ArcGIS Pro® using 2016-2018 lowa Spring Color Infrared
Orthophotos, which were taken prior to leaf-out (lowa State University, 2018). We identified

deciduous forest images as large, dark reddish-brown patches, and coniferous trees and shrubs as



15

bright red, irregularly shaped patches, categorizations corroborated by our vegetation surveys.
Forest only split by streams and narrow gravel roads was considered continuous and was
digitized as a single patch, as narrow non-forest corridors do not seem to affect deciduous forest
bird habitat use (Rich et al. 1994). Internal fields and lakes were not counted as forest. We did
not categorize cedar groves with open canopy (i.e., visible spacing between trees) as forest. We
selected “forest points™ as bird survey points within forest patch polygons using the Intersect tool
in ArcGIS Pro®.
Mapping

To create a mappable dataset of point-scale densities for each species, we used the
arithmetic mean of point-year density estimates for each point. We used ArcGIS Pro® to create a
300 m x 300 m square buffer centered on each point and depicted point-scale density within each
buffer using a discrete version of the ‘viridis’ color scale. For all but one species, we used a
density interval of [0.00, 0.05) birds/ha to depict extremely low densities. Densities >0.05
birds/ha were generally depicted in either 0.10 birds/ha-wide intervals or 0.20 birds/ha-wide
intervals; 0.10 was used for species with a maximum point scale density <0.80 birds/ha. If the
hundredth’s place of the maximum density was 6, maximum density was used as the upper
bound of highest density interval instead of creating a new interval, e.g., an interval of [0.85,
1.06]. Common Yellowthroat densities were symbolized differently due to exceptionally high
minimum and maximum densities; the first two intervals were [0.00, 0.10) and [0.10, 0.35), and
subsequent intervals were 0.30 birds/ha in width.
Statistical Approach

We used hierarchical distance sampling (HDS) models using the ‘distsamp’ and

‘gdistsamp’ functions in R package ‘unmarked’ to estimate bird densities; these functions
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produced identical results within our analysis framework (Chandler et al. 2011; Fiske and
Chandler 2011; R Core Team 2019). HDS models in ‘unmarked’ use a site-specific likelihood
for data collected at each site. For this analysis, we defined “site” as the 100-m radius plot
around a point on a single visit, meaning each point count station served as the location of eight
separate “sites” from 2016 to 2019. We chose this definition so we could estimate separate
densities for each year, and because preliminary analyses using both visits to a point within a
year as a single site resulted in unreasonably small and imprecise detection probabilities.

In hierarchical distance sampling in ‘unmarked,’ site-level abundance is treated as a
random effect, and analysis is based on the integrated likelihood or on a function of the
parameters of the detection function, detectability covariates, abundance, and abundance
covariates, with the number of model components varying based on the inclusion or exclusion of
covariates at each stage of the hierarchy (Royle et al. 2004; Royle 2004; Chandler et al. 2011).
Distance sampling assumes that (1) detection is perfect at distance 0 from the observer, (2)
individuals are detected at their initial location, and (3) individuals are counted in the correct
distance bins (Buckland et al. 2001).

We used a half-normal detection function for all hierarchical distance sampling models
and a Poisson distribution for abundance (the default in ‘unmarked”). The distance bins matched
those described in “Bird Surveys” for most species; the one exception was the hawk group,
which used distance bins of 0-75 m and 75-100 m due to relatively few detections close to the
sampling point. Possible detection covariates for models included time since sunrise (TSSR), the
quadratic of TSSR, Julian date (JDAY), and the quadratic of JDAY, observer, and wind speed;
each of these covariates has previously been demonstrated to affect detection probability

(Alldredge, Simons, et al. 2007; S6lymos et al. 2013; Rigby and Johnson 2019). Possible
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abundance covariates depended on the species being modeled. For single species, we only
considered binary forest versus non-forest. For all multispecies groups, we also considered
species as a fixed effect on abundance. For the hawk group only, we also considered a species by
forest interaction in combination with both species and forest as covariates due to the differing
habitat preferences of the species in that group. Per guidelines for abundance models accounting
for imperfect detection probability, we attempted to consider models with all combinations of
both detectability and abundance covariates, and we selected the top model using AIC (Doherty
et al. 2012). This modeling framework resulted in 128 possible models for single species, 256
possible models for most multispecies groups, and 320 possible models for the hawk group.
However, due to some species with small sample size, not all combinations of covariates
produced converging models; models which failed to converge were discarded from
consideration. Due to the need for a single model per species or multispecies group to estimate
year-specific and area-specific densities, we did not model average (Cade 2015).

To estimate detection probability, we first estimated the mean and 95% confidence
intervals for ¢ of half normal detection functions for each survey and species using the ‘predict’
function in ‘unmarked.” To convert ¢ to a detection probability, we integrated from 0 to 100 m
using the circular half normal function ‘grhn’ in ‘unmarked’ (Fiske and Chandler 2011). For
each species or multispecies grouping, we report an arithmetic mean of all survey-scale mean
detection across all surveys, and a standard deviation of the distribution of survey-scale means.
To provide an estimate of precision, we used lower quartile, median, and upper quartile of the
survey-scale detection probabilities and report the 95% confidence intervals for each species or

multispecies group. For coefficients of continuous variables, we report the signs (+ or -) and
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whether the 95% confidence intervals overlapped 0. For fixed effects, we report presence or
absence in a top model.

We used multi-step process to convert visit-specific probability distributions from the
‘ranef” function methods in ‘unmarked’ to arca-wide density estimates. This function uses
empirical Bayes methods to estimate site-scale densities. One previously mentioned caveat to
this method is that it does not incorporate hyperparameter uncertainty, in this case uncertainty in
detection probability and abundance parameters (Laird and Louis 1987; Fiske and Chandler
2011). When calculating a visit-specific density, ‘unmarked’ adds the observed count of
individuals to a distribution of possible unobserved counts, ~Poisson in this case, calculated from
detection and abundance coefficients. Because we visited each point twice within a year, each
“point-year” had two observed counts and two distributions of unobserved counts. We subtracted
the observed counts from the mean of each ‘ranef” distribution to obtain the mean (1) of the
unobserved count Poisson distribution. For each point-year, we selected the higher observed
count because we assumed a closed population within each year. We selected the unobserved
count distribution with the lower A because abundance covariates were constant between visits,
so a lower A estimate corresponded to the visit with a higher detection probability. To calculate
an area-wide abundance, we first estimated A for the unobserved counts (Aarea) By SUMMIng the
selected A values for all point-years within that area. We used Aarea @S the mean estimate of
unobserved individuals and to estimate credible intervals (see below). We summed the selected
observed counts from the same point years, and added that sum to both Aarea and the credible
interval bounds to get area-wide abundance with an estimate of precision. To convert abundances
to birds/ha, we divided abundance by the number of point-years and the area of a point count

circle (~3.14 ha).
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To calculate the equivalent of 95% credible intervals, we used the ‘gpois’ function in R to
calculate the 2.5% and 97.5% quantiles of a Possion distribution with A = Aarea; these are
equivalence to the methods used by ‘unmarked’ to calculate these estimates from empirical
Bayes posterior distributions (Fiske and Chandler 2011). However, we note that empirical Bayes
credible intervals derived from quantiles are easy to compute but tend to be overly narrow (Laird
and Louis 1987); given our large dataset (n = 3944 surveys) and large number of desired
estimates (n = 408), we decided to accept this tradeoff and continue with quantile-based credible
intervals. Given the nature of the lower bounds of these intervals, we consider 95% credible
intervals overlapping 0.001 birds/ha to indicate possible absence of a species from an area.

We calculated densities for three groupings of point-years: 1) across all BCAs and years
for each species individually to produce an overall probability distribution, 2) across all years for
each BCA for each species individually to produce BCA-specific probability distributions, and
3) across all BCAs for each year for each species individually to produce annual probability
distributions. For the annual densities, we only report the two years with the maximum and
minimum annual density estimates; when multiple years shared the same maximum or minimum
density, we only report the most recent year. To compare HDS estimates to metric which
assumes perfect detection, we also calculated a “naive” density as the sum of the maximum
number of birds at each point with a year across all years divided by the number of surveys and

the area covered by all surveys (12,390 ha).
Results

Bird Survey and Covariate Summaries
Bird survey covariates had relatively wide and continuous ranges of values (Table 2.1).

When delineating forest points, 407 points were classified as forest, and 86 were classified as
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non-forest; Sand Creek had proportionally fewer forest points compared to the other areas (Table
2.2). We detected 25 breeding SGCN from 2016 to 2019, only one of which had <10 detections

(Table 2.3).

Detection Probabilities and Model Coefficients

Mean detection probabilities by species ranged from 0.202 to 0.861; 8 of 26 species had
mean detection probability >0.50 (Table 2.4). Confidence interval widths on detection
probability varied between species groups, with widths ranging in rare instances between 0.0
(hawk group) and 1.0 (gallinaceous group); most confidence interval widths were close to 0.1 or
0.2 (Table 2.5). All detectability covariates appeared in the top models for multiple species; wind
speed was the only covariate with a consistent sign (negative; Table 2.6, Table 2.7). Forest
appeared as an abundance coefficient in 15 of 18 species/multispecies groups. Only one species
or multispecies group, the hawk group, had a forest coefficient with 95% CI overlapping 0
(Table 2.7).
Bird Densities

Overall density estimates varied considerably between species. The five species with the
highest estimated densities (in descending order) were Eastern Wood-Pewee, Ovenbird,
Common Yellowthroat, Acadian Flycatcher, and Scarlet Tanager, with mean estimated densities
ranging from 0.195 — 0.698 birds/ha (Table 2.4). The five species with the lowest estimated
densities (in ascending order) were Veery, Cerulean Warbler, Broad-winged Hawk, Northern
Bobwhite, and Eastern Meadowlark, with mean estimated densities ranging from 0.003 — 0.008
birds/ha (Table 2.4). For 21 of 26 species, the lower 95% confidence interval bound of the

estimated density was greater than naive density estimate (Table 2.4). All species with densities
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<0.012 birds/ha (n = 8) had very narrow 95% CI widths, ranging from 0.000-0.003 birds/ha
(Table 2.4).

When comparing estimated densities between BCAs, the top three most common study
species in each BCA were Eastern Wood-Pewee, Ovenbird, and Common Yellowthroat (Table
2.8). For both Stephens and Thousand Acres, Acadian Flycatcher and Scarlet Tanager were
among the top five most common study species. Among all study areas, Stephens had the highest
mean density of four of 26 study species: Broad-winged Hawk, Ovenbird, Kentucky Warbler,
and Scarlet Tanager (Table 2.8). Thousand Acres had the highest mean densities of ten of 26
study species, including Eastern Wood-Pewee, Acadian Flycatcher, Yellow-billed Cuckoo, and
Northern Flicker (Table 2.8). At Sand Creek, Yellow-billed Cuckoo and Field Sparrow were
among the top five most common study species. Sand Creek had the highest mean densities of
thirteen of 26 study species, including Eastern Kingbird, Field Sparrow, and Common
Yellowthroat; Yellow-billed Cuckoo densities were equal in Thousand Acres and Sand Creek
(Table 2.8). Only three species had estimated densities with a 95% credible overlapping 0.001
birds/ha in at least one BCA: Broad-winged Hawk and Veery in Sand Creek and Cerulean
Warbler in both Stephens and Sand Creek (Table 2.8).

When comparing maximum and minimum mean annual densities between years, the
highest ratio of maximum to minimum mean annual density was 3.0; Northern Bobwhite and
Black-billed Cuckoo shared this ratio. An addition six of 26 species had a maximum annual
density >2.0 times their minimum annual density: Broad-winged Hawk, Sedge Wren, Veery,
Eastern Meadowlark, Baltimore Oriole, and Cerulean Warbler. The lowest ratio of maximum to
minimum mean annual density was 1.2; Acadian Flycatcher, Field Sparrow, Kentucky Warbler,

Common Yellowthroat, and Scarlet Tanager all shared this ratio (Table 2.9).
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Spatial distributions of bird densities varied between species. In general, open area
species were densest in areas with “grass” landcover, forest species were densest in areas with
forest land cover, and rare species had spotty distributions, usually with small clusters (Figure
2.1, Figures A1-A26).

Discussion

The three BCAs in this study were home to at least 25 different breed bird SGCN
from 2016 to 2019, as well as Ovenbird and Scarlet Tanager. More than 60% of forest bird
species that breed primarily in the Eastern and Midwestern United States are in decline
(Rosenberg 2019); this trend, along with the high number of SGCN in our study area, confirms
these BCAs’ importance for populations of at-risk and threatened breeding bird species. Below,
we compare our density estimates to those in similar studies, offer likely biological and statistical
reasons for our estimated densities, and posit guidelines for future studies and management
practices within our study areas.

Eastern Wood-Pewee, our most numerous SGCN, had an estimated density in our study
area of 0.698 birds/ha (mean territory size of ~1.4 ha/bird), higher than a recent study in
Missouri Ozark habitats (0.22 to 0.40 birds/ha; Kendrick et al. 2013) and in other parts of lowa
30 years earlier (territory size of 2.2 ha/bird, Best and Stauffer 1986), potentially making our
study areas a hotspot of Eastern Wood-Pewee density. However, it should be noted that our
detection probability for Eastern Wood-Pewee was lower than another study on density of this
species (0.44 versus 0.65; Kendrick et al. 2013), and we were unable to exclude all non-singing
male detections due to dataset limitations.

Other forest and woodland species that ranged from uncommon to relatively common

(>0.040 birds/ha) in our study area were Red-headed Woodpecker, Northern Flicker, Wood
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Thrush, Ovenbird, and Scarlet Tanager. Acadian Flycatcher, Ovenbird, and Scarlet Tanager are
all area-sensitive (i.e., occur almost exclusively in large forest patches) and are indicators of
relatively undisturbed forest habitat (Ambuel and Temple 1983; Gibbs and Faaborg 1990; Urban
et al. 2012). In terms of BCA-specific density, each of these indicator species, along with almost
all other forest and woodland birds in this study, had their highest density in either Stephens of
Thousand Acres, indicating that these BCAs are especially important to breeding forest birds of
conservation and management concern.

A Missouri Ozarks study in forest and restored woodland-savanna with many of the same
species offered a nice comparison. Compared to the Missouri study, our Yellow-billed Cuckoo
and Field Sparrow were slightly higher, and our Acadian Flycatcher and Kentucky Warbler
densities were lower (Reidy et al. 2014). Given the mixture of grassland and forest within our
study area, slightly higher densities of Yellow-billed Cuckoo and Field Sparrow compared to
savanna restoration sites and forests elsewhere in the Midwest makes sense. Acadian Flycatcher
densities are negatively associated with landscape-scale human disturbance elsewhere in the
Midwestern United States (Bakermans and Rodewald 2006), so lower densities in the heavily-
disturbed state such as lowa is expected. The Kentucky Warbler is at the northwestern edge of its
range in southern lowa, a likely explanation for very low densities (0.024 birds/ha) in our study
areas (McDonald 2020).

In addition to Kentucky Warbler, 14 of 25 other SGCN had very low density (<0.040
birds/ha), or too few detections to estimate density in the case of the Horned Lark. Southern lowa
is at or near the periphery of the normal breeding range for Broad-winged Hawk, Veery, and
Cerulean Warbler (Buehler et al. 2020; Goodrich et al. 2020; Heckscher et al. 2020), explaining

the very low densities of these species, and in the case of Cerulean Warbler, probable absence
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from multiple BCAs. The Veery in particular is declining on the edge of its range, causing it to
disappear from some of its historical breeding grounds (Rodriguez 2002). Black-billed Cuckoos
are generally uncommon and have declined throughout their range (Hughes 2020a), making very
low densities unsurprising. Baltimore Oriole densities were unexpectedly low, although a study
in Mississippi only recorded this species in cottonwood plantations as opposed to “natural”
bottomland forest similar to the bottomland forests in our study (Twedt et al. 1999). Our study
areas were primarily forested, and many of the SGCN with very low densities were grassland or
scrubland species, including Northern Bobwhite, Eastern Kingbird, Bell’s Vireo, Sedge Wren,
Horned Lark, Grasshopper Sparrow, Brown Thrasher, Henslow’s Sparrow, Eastern Meadowlark,
and Bobolink. With the exception of Bell’s Vireo and Sedge Wren, all of these species were
most abundant at Sand Creek, indicating that this site is relatively important to open area species.

Field Sparrow and Common Yellowthroat were the only two SGCN that live primarily in
open areas that were relatively common in our study areas. Like other open area SGCN, these
species were most abundant at Sand Creek. Field Sparrows have small territories (average of
0.76 ha in Illinois) and are known to pack tightly into suitable habitat (Best 1977), which could
explain unexpectedly high densities of this open area species in a primarily forested area.
Common Yellowthroats have even smaller territories, ranging in size from 0.16-0.60 ha
elsewhere in the Midwest (Hofslund 1959), and they occur in very small patches of suitable
shrubland-type habitat (Lehnen and Rodewald 2009). Management activities which open parts of
the forest canopy, such as the activities in our study area, can benefit Common Yellowthroat
densities if they lead to increased undergrowth (Burger et al. 1998; Twedt et al. 1999).

The multi-year nature of this study emphasizes that annual densities within the same area

can vary for some species. For example, estimated densities of Northern Bobwhite and Black-
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billed Cuckoo varied three-fold between the year with the lowest density and the year with the
highest density. Both of these species have well-documented boom-and-bust population cycles
(Brennan et al. 2020; Hughes 2020a), meaning multi-year studies may be needed to detect areas
that are important. Sand Creek on average had the highest densities of each of these species.

As predicted, confidence intervals were generally narrower than would be expected for
this type of model, with 95% CI widths <0.003 for eight species, a likely result of using quantile-
based empirical Bayes confidence intervals (Laird and Louis 1987). This issue was most
prevalent for species with low densities. However, our modeling framework tended to produce
density estimates close to naive density estimates for rare species. At the very least, our estimates
for rare species are either equal to or very close to naive density, meaning our estimates are
conservative despite unreasonably high estimated precision.

Detection probabilities seemed unrealistically high for the hawk group and Wood Thrush,
especially the former, and the gallinaceous group had very wide confidence intervals for
detection probability. All of these species have loud songs or calls, making fitting a declining
half normal detection function difficult given our truncation distance of 100 m (Brennan et al.
2020; Dykstra et al. 2020; Evans et al. 2020; Goodrich et al. 2020). A previous study found an
effective detection radius of Wood Thrush of 90-120 m using a 200 m truncation; the addition
distance bins in their study likely allowed for a better detection probability estimates; their
estimates were generally between 0.0 and 0.5 (Simons et al. 2000). Wider spacing of points and
longer distance bins may have assisted in estimating detection probability of these specific
species, but our goal was to maximize coverage for the greatest number of species possible
without overlap between points. Another potential method of increasing precision of detection

probability estimates, especially for rare species, would be a conditional replicates design where
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sites with rare species are visited more frequently to increase the number of detections (Specht et
al. 2017).

The hawk group produced an additional challenge of territory size. Red-shouldered
Hawks generally have territories of 90-200 ha (Dykstra et al. 2020), which would lead to
densities between 0.02 birds/ha to 0.01 birds/ha, assuming non-overlapping territories, a
saturated landscape, and detections of both members of a pair. However, our estimated and naive
densities were higher than this value at 0.029 birds/ha, suggesting detections of the same
individual at multiple points. Roadside repeated visits with 0.8 km spacing using playback have
previously been effective in estimating densities of Red-shouldered Hawk (Johnson and
Chambers 1990); this method may be more appropriate than 100-m radius point counts for future
studies of forest raptors in south-central lowa.

Despite modeling issues for a few species and narrow confidence intervals on density,
this study provided valuable population density estimates for the cores of three Bird
Conservation Areas in south-central lowa. We identified 25 Species of Greatest Conservation
need in these areas, ranging in abundance from common to very rare. Aside from Field Sparrow
and Common Yellowthroat, the most common SGCN were forest species. This study has the
potential to serve as a baseline for future studies by providing density estimates that can be
combined with future studies to estimate population trends. Although 100-m radius point counts
were appropriate for many species, different survey protocols, such as roadside broadcast
surveys, may be needed to better estimate densities for species such as Red-shouldered Hawk.
We believe the very low estimated densities for Veery, Kentucky Warbler, and Cerulean Warbler
are a result of these species being at the edge of their breeding range in southern lowa, meaning

management directly specifically at these species is unlikely to increase local populations. Due to
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higher densities of SGCN that use grassland, shrubland, and edge habitats at Sand Creek
compared to the other BCAs, we suggest maintaining open habitats at this site. We recommend
the maintenance of forest at Stephens and Thousand Acres, especially large patches, to continue
to benefit species such as Acadian Flycatcher, Ovenbird, and Scarlet Tanager. We also
recommend multi-year bird monitoring, especially for species with volatile populations such as

Northern Bobwhite and Black-hilled Cuckoo.
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