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Introduction
As a guild, grassland birds show the most precipitous
population declines of any group in North America. The vast
majority of tall- and mixed-grass prairie throughout the central
plains has been lost to habitat alteration, and this trend continues in most states (Jacobs et al. 2012). Habitat management for
grassland-obligate species is therefore of highest conservation
priority. The US Fish and Wildlife Service, state wildlife agencies, and several non-governmental organizations have targeted
grasslands for purchase and restoration. However, with the
majority of grasslands in private ownership, conservation efforts
must focus on individual private landowners in order to achieve
landscape-scale habitat conservation for grassland birds. To answer this need, National Audubon Society (hereafter, Audubon),
the Missouri Department of Conservation, and other partners
have initiated the Prairie Bird Initiative (PBI), a goal of which is
to provide cattle producers with increased economic incentives
for bird-friendly habitat management.
In May 2012, the Missouri River Bird Observatory
(hereafter, MRBO) was contracted by Audubon to perform preliminary surveys for grassland birds on private lands in Missouri,
Kansas, and Nebraska. These surveys were intended to provide
a snapshot of bird communities on private lands prior to birdoriented management actions initiated by landowner-PBI partnerships. Additionally, survey data can be provided to landowners
to illustrate the importance of their land to bird conservation.
In June 2012, surveys were initiated on one Audubon Nebraska
property and five properties in private family ownership. The
Audubon Nebraska property provides an excellent example of
bird response to habitat management (see pages 6-7). This report
details our findings during the pilot year of PBI surveys.

Study Area
The survey region encompassed portions of Missouri,
Kansas, and Nebraska within North American Bird Conservation Initiative BCR 22: Eastern Tall Grass Prairie. Study sites fell
within Partners in Flight Regions 32: Dissected Till Plains and
33: Osage Plains (Fig. 1).
Methods
I. Survey Protocol
Bird surveys were conducted using a hybrid line transect/spot-mapping approach developed by MRBO and Audubon.

Fig. 1. Study site locations.
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Line transects provide increased robustness over point counts for
extrapolating bird density and abundance (Buckland et. al 2001)
and are an especially appropriate survey technique in open habitat
such as grasslands.
Using Google Earth Pro (Google Earth Pro 2012), transects were overlaid within each property’s boundaries such that
each transect was >200m from the property edge. Transects were
oriented in the most appropriate fashion based on the topography
and shape of the respective property. All transects were located
400 m apart. For logistic purposes, transects were divided into
segments for surveying (e.g., segment 1A, 1B, and 1C comprised
transect 1).
Observers were provided with data sheets that displayed
a clear aerial image of the transect segment and scale lines to
100m (e.g, Fig. 2, Appendix A). In open grassland habitat, this allowed observers to determine precise locations for detected birds.
Observers walked each transect at a pace of approximately .75
mi/h and recorded every bird seen and heard. Surveys began 30
minutes prior to sunrise (i.e. at civil twilight) and continued until
0900h. Target species (Table 1) were marked on the aerial image
data sheet according to their exact location on the landscape. This
afforded not only distance sampling data but also resulted in a
visual map of all target species seen and heard. Species, distance
from observer (up to 100m), and observation type (audio, visual,
or both) were recorded for all non-target species in the standard
chart located at the top-right of each data sheet. Flyovers of

all species were also recorded, but were only included in data
analysis if the species could reasonably be assumed to be using
the habitat (e.g., Barn Swallow remains in flight while foraging
Table 1. Target species and total observations across all
properties during June 2012 surveys.
Species
Bell's Vireo
Bobolink
Brown-headed Cowbird
Common Nighthawk
Common Yellowthroat
Dickcissel
Eastern Meadowlark
Grasshopper Sparrow
Greater Prairie-Chicken
Henslow's Sparrow
Northern Bobwhite
Sedge Wren
Upland Sandpaper
Western Meadowlark
Yellow-breasted Chat

Fig. 2. Survey design.
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Total Observed
39
42
30
21
23
637
215
558
0
56
23
0
107
4
8

and therefore is using the surveyed area; Great Blue Heron flying
over is moving to a different area).
Mapped locations of target species were entered as
placemarks in Google Earth. This resulted in a series of maps
for each property that provide a visual description of results (e.g.,
Fig. 3; Attachment A). Placemarks were converted to ArcGIS
(ESRI 2011) with which distance from transect was quantified for
each bird detection (e.g., Appendix B).
Additionally, informal observations of vegetation structure were noted for each transect.
II. Analyses
All survey data from both target and non-target species
were imported into Program Distance (Buckland et al. 2001).
Data were evaluated within several different categories, e.g.,
grassland birds as a guild across all properties; single species
across all properties; each target species within each property,
etc. Detection functions (e.g., Fig. 4) were generated within all
categories and the best-fit model was chosen for further analyses
based on Akaike’s Information Criterion (AIC). Density and
abundance estimates were calculated for all species for which
sample sizes were acceptable (>40) across the entire study region.
Single-species density and abundance estimates were calculated
for each property (or portion of property if patches were not contiguous) where more than 15 observations were made of a single
species.
For species where the majority of detections were of

singing males, we may infer that a near equal ratio of females
were present, but not detected (Bejema et. al. 2001). Therefore,
data were analyzed initially using all observations; a second
analysis was performed using only observations of singing males
with resulting density and abundance estimates doubled.
In order to provide the most accurate representation
of grassland bird occurrence, density and abundance data were
calculated only for the portions of properties that were surveyed.
Thus, if not all transects on a property were completed, or the unsurveyed habitat appeared from aerial photography to be potentially different from that which was surveyed, density abundance
estimates do not include the acreage from the unsurveyed portion.
Fig. 4. Detection function for Dickcissel observation data
on a northern Missouri property. This is an example of a
statististically robust detection function.

Fig. 3. Spatial data representing actual locations of birds surveyed.

4

Table 2a. Coverage of
grassland bird survey
transects completed on
private lands in Nebraska,
Missouri, and Kansas in
June 2012.

Table 2b. Percent coverage of
study area of grassland bird
surveys completed on private
lands in Nebraska, Missouri,
and Kansas in June 2012.

Table 3a. Overall
density and abundance
of target species across
all properties surveyed
in 2012, where n =
number of observations,
D = estimated density
per acre, N = estimated
total number of
individuals, 95% CI
= upper and lower
confidence limits for
number of individuals,
and CV% = Percent
Coefficient of Variance
for individual estimates.
Estimates calculated
only for species where
n>40.

Property

Total length all
transects (mi)

Audubon Nebraska Spring Creek
Chase County, KS 1 (House Area)
Chase County, KS 1 (Northeast)
Chase County, KS 2 (“L”)
Chase County, KS 2 (Lodge)
Chase County, KS 2 (Southeast)
Grand River Grasslands, MO (East)
Grand River Grasslands, MO (West)
Mystic Plains, MO
St. Clair County, MO

4.42
13.5
4.3
4
9.21
12
5
5
0.96
4

Length of transects covered in
2012 (mi)
4.42
6.91
3.5
4
7.79
7.5
1.11
3
0.96
4

Property

Total Property
Area (Acres)

Study
Area
(Acres)

Audubon Nebraska Spring Creek
Chase County, KS 1 (House Area)
Chase County, KS 1 (Northeast)
Chase County, KS 2 (“L”)
Chase County, KS 2 (Lodge)
Chase County, KS 2 (Southeast)
Grand River Grasslands, MO (East)
Grand River Grasslands, MO (West)
Mystic Plains, MO
St. Clair County, MO

790
2,669
939
791
1823
2407
900
900
121
630

790
1,196
939
791
1711
1501
267
623
121
630

Species
Bobolink
Dickcissel
Eastern Meadowlark
Grasshopper Sparrow
Henslow’s Sparrow
Upland Sandpiper
Species
Bobolink
Dickcissel
Eastern Meadowlark
Grasshopper Sparrow
Henslow’s Sparrow
Upland Sandpiper

n
42
637
215
558
56
107

D
0.018
0.255
0.08
0.205
0.021
0.048

N
211
2,946
928
2363
247
552

Percentage of
transects covered
in 2012
100.00%
51.19%
81.40%
100.00%
84.58%
62.50%
22.20%
60.00%
100.00%
100.00%

Area
Directly
Surveyed
(Acres)
343.4
553.7
278.4
284
787.6
577.8
88.5
245.6
110
318.4

95% CI
100 – 447
2,275 – 3,815
647 – 1,333
1,906 – 2,931
130 – 472
351 – 867

Study Area
Coverage
43.47%
46.30%
29.65%
35.90%
46.03%
38.49%
33.15%
39.42%
90.91%
50.54%
CV%
38.80
12.90
18.40
10.70
33.02
22.90

Total n

Song-only n

D

N

95% CI

% CV

42
637
215
558
56
107

33
505
78
468
55
51

0.024
0.377
0.051
0.327
0.042
0.035

276
4352
592
3774
482
400

144-534
3330-5686
390-896
3042-4684
252-920
236-678

33.55
13.36
21.07
10.75
33.1
26.96

Table 3b. Density and population estimates for target species on all properties combined. Estimates based on density of
singing males when observations were made by song detection. Estimates assume equal sex ratio (D, N, and Confidence
Intervals multiplied by two).
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Table 4a. Density and abundance of target
species on the Audubon Spring Creek
property, Lancaster County, Nebraska, where
n = number of observations, D = estimated
density per acre, N = estimated total number
of individuals, 95% CI = upper and lower
confidence limits for number of individuals,
and CV% = Percent Coefficient of Variance for
individual estimates.
Table 4b. Density and population estimates for
target species. * Estimates based on density of
singing males when observations were made
by song detection. Estimates assume equal
sex ratio (D, N, and Confidence Intervals
multiplied by two).

Species
Dickcissel
Grasshopper Sparrow
Eastern Meadowlark
Upland Sandpiper
Henslow’s Sparrow
Bobolink
Species
Bobolink
Dickcissel
Eastern Meadowlark
Grasshopper Sparrow
Henslow’s Sparrow
Upland Sandpiper

Spring Creek
n
D
N
101
0.50 353
35
0.12 87
3
5
17
0.06 44
7
Total
n
7
101
3
35
17
5

Songonly n
6
74
3
29
17
2

95% CI
260-478
35-214
23-85
-

CV%
14.77
29.28
25.65
-

D

N

95% CI

% CV

0.677
0.196
0.125
-

474
138
88
-

308-726
64-290
46-168
-

20.22
24.27
26.32
-

Habitat Notes
The Spring Creek Audubon Center is an extremely heterogenous property containing floristically diverse, high-quality habitat,
especially in the recently managed areas. Native grass-forb mix areas are interspersed with wet meadows, some brome-dominated
areas, and scrub-shrub areas. The latter are concentrated near roads.
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Response to Mangement
Controlled burning and haying were conducted in 2011. Grasshopper Sparrows (n=35) showed
the expected propensity to select areas one year after removal of dense litter and thatch. Survey results
show, as expected, that some Henslow’s Sparrows (n=17) persisted in areas not yet treated by fire
or haying. This baseline information will be more useful for comparison in each subsequent year of
treatment.
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Global detection probability (e.g., for data pooled across
the study region) was used for all species except Dickcissel when
calculating property-specific density and abundance estimate.
Models indicated that for most properties, Dickcissel detectability
was better measured on a property-by-property basis. Global detection probabilities allowed for more robust models as the probability was based on a much higher sample size than provided by
each individual property.

evidenced by the spot-mapping results of our surveys in Missouri
and Nebraska. Only one Henslow’s Sparrow was documented in
Kansas, which was probably the result of the prevalence of frequently burned/grazed habitat structure, as well as few transects
being conducted in suitable.
Bell’s Vireo and Yellow-breasted Chat were documented
in surprisingly small numbers. We propose that this is a function of concentrating our survey effort in open grass habitat, and
removing portions of transects that began or ended in scrub-shrug
areas. Most scrub-shrub areas that fell within the observation
range of transects harbored at least one detected Bell’s Vireo.
While no Greater Prairie-Chickens were documented
during the 2012 pilot surveys, anecdotal information indicates
that this species occurs on the surveyed Kansas ranches and in
southwest Missouri. Future surveys that begin earlier in the
breeding season have much higher potential to document Greater
Prairie-Chickens on private lands.

Results

Surveys were conducted from 9 June 2012 to 30 June
2012. All surveys were completed between sunrise and 0900h,
during peak bird activity. A total of 1759 individuals of target
species were detected throughout the study area. 1856 individual
birds of 53 species were detected overall.
Grassland habitat varied widely, from properties in
Kansas with shorter and less dense vegetation to lands in Nebraska and Missouri with a wider range of structure. Grassland
bird distribution was found to be a direct reflection of habitat
structure, with Grasshopper Sparrows and Upland Sandpipers
more abundant in sparse grasses and Henslow’s Sparrow more
abundant in thicker, forb-rich areas. Most shrubby areas on all
study sites contained Bell’s Vireo. Dickcissels were ubiquitous
throughout study areas. Non-target species were detected in low
numbers (Appendix C).
Not all transects generated via Google Earth were
surveyed during the 2012 season. To maintain consistency in our
analyses, we present density and abundance for the portions of
properties on which surveys were conducted. All transects on
several properties were completed and thus estimated abundances
may be more robust. On properties where all transects were not
surveyed, bird densities may be reasonably extrapolated considering the relatively large area that was covered.

Recommendations for Future Surveys
• Timing: We suggest surveys begin in mid- to late-April
to coincide with Greater Prairie-Chicken activity, the
return of most grassland birds to the breeding grounds,
and highest vocalization period. This will provide higher
detectability and more accurate population measures.
Surveys may begin in the most southerly sites and move
north. An earlier season commencement will also allow
for flexibility due to weather, which is extremely important in grassland habitat.
• Survey Effort: Based on our recent Distance Sampling
training, we recommend conducting more transects on
each property instead of performing more than one visit.
Distance statistics improve not only with higher sample
sizes but also with more area covered. Conducting
additional survey transects on each property will help
avoid biases associated with bird density gradients (e.g.,
patchiness of Henslow’s Sparrow distribution), allow
for a more accurate assessment of bird association with
particular habitat structure, and provide an even more
robust estimate of population sizes on each property.
• Time of Day: The protocol establish during this pilot
season, to conduct surveys between civil twilight and

Discussion
This pilot effort demonstrated that the line transect/spotmap method is ideal for grassland bird surveys. The open nature
of the habitat, plus the ability to move relatively quietly and
without hindrance in the majority of the habitat, supports high
detectability leading to accurate density and abundance estimates.
These factors also allow accurate spot-mapping of target species,
resulting in bird occurrence maps useful for demonstrations to
landowners. Furthermore, this type of survey can be performed
quickly, accurately, and with a great deal of ground covered. The
method has exciting potential for landscape-scale population assessments of grassland birds as well as use for examining habitat
and management effects.
A significant proportion of most properties was covered
by transect surveys. For several properties, this allowed abundance estimates to be calculated for many target species. For
all properties, the surveys provided illustrative maps of grassland-bird presence for landowners. The 2012 surveys afforded
baseline bird data at least a portion of each property, and also
provided an excellent foundation on which to design improved
surveys for future years.
These initial surveys suggest that some species of
conservation concern, such as Grasshopper Sparrow, Eastern
Meadowlark, and Upland Sandpiper, can occur in relatively high
densities on private lands. Henslow’s Sparrows tend to be distributed in a patchy fashion throughout their range, and this was

Fig. 5. Detection function for Grasshopper Sparrow
observation data on a west-central Missouri property.
This is an example of a skewed detection function that
suggests birds were flushed off the transect line.
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•

•

•

•

0900h, proved reasonable for standardizing detections within peak bird activity times. This timing was established from
experience documenting grassland birds during the hottest part of the summer (i.e. June, July, August), when vocalization and
movement declines significantly after approximately 0900h. Beginning surveys earlier in the season as previously suggested
may allow for an extension of the survey window.
Observer training: In future years, training should include further explanation of the importance of sampling design,
distance-estimate accuracy, and the importance of recording birds close to the transect line (e.g., Fig. 5). Detection probability functions assume 100% detectability of birds at distance 0m, and observers must recognize that looking ahead and behind
while sampling is extremely important.
Data recording: 2012 surveys involved spot-mapping target species with the goal of developing illustrative maps for grassland birds on each property. Distance data were then based on GIS-generated spot-maps. We suggest that observers record
exact distance to each target bird – possibly with the assistance of a rangefinder if feasible in grasslands – to reduce variation
associated with data transfer from maps to numerical estimates.
Target species: We suggest that the list of target species be further refined to reflect the focus of Audubon’s PBCI.
 In 2012, we included species such as Common Yellowthroat and Sedge Wren, which are potentially useful indicators
of habitat type. Drought conditions throughout the study region this season likely precluded presence of these species in
most areas; weather conditions will continue to have relatively large effects on their presence and detection over time.
We suggest that Common Yellowthroat be recorded as a non- target species (i.e. not spot-mapped). Sedge Wren’s status
as a species of conservation concern may warrant it’s inclusion on the target list, but potential difficulties in managing for
this species may make data ineffectual.
 Bell’s Vireo and Yellow-breasted Chat were also included as target species in 2012. However, some transects were
subsequently truncated to exclude non-grass areas, and our results are therefore not an accurate reflection of the abundance of these species. We suggest that, with increased time and ability to survey additional transects over a larger area
in 2013, that all habitat be surveyed along every transect and that these species remain on the target list.
 Northern Bobwhite is an easy species to detect and map (and is often of interest to landowners). We present the caveat
that Bobwhite are usually detected at far distances, thus making density and abundance estimates unreliable. We suggest
that in future years, spot-mapping continue for Bobwhite, but that density and abundance not be estimated.
 There was some miscommunication regarding the inclusion of Common Nighthawk as a target species. Little information is available regarding nightjars in general and this may provide some impetus for including any nightjar species on
a target list. However, most documentation of Common Nighthawks occurred via flyovers, indicating their use of the
habitat as aerial insectivores but providing little of use regarding management. Therefore, we suggest that Common
Nighthawk not be spot-mapped.
 Likely a result of the intact nature of most of the properties, Brown-headed Cowbirds were not detected in large numbers. Individuals were often detected as flyovers, which poses a problem for determining their abundance and specific
habitat associations, if any. We suggest that this species remains on the target list for the 2013 season but be reconsidered in light of additional seasons’ data. Spot-mapping may be appropriate to demonstrate this species’ presence in more
fragmented areas.
 We suggest the addition of Field Sparrow to the target species list based on its Partners in Flight conservation status and
population trends (PIF 2012).
 As grassland-obligate focal species, Grasshopper Sparrow, Henslow’s Sparrow, Bobolink, Greater Prairie-Chicken,
Eastern and Western Meadowlark, Upland Sandpiper, and Dickcissel should remain target species. While Dickcissel
is the most generalist of these and therefore not as useful as an indicator species, it is considered by Partners in Flight to
be in need of immediate management. PBI surveys represent a good opportunity for monitoring Dickcissel population
trends on private land.
Citizen Science Potential: With sufficient coordination and training, there is high potential for the PBI surveys to be conducted by citizen scientists. We suggest that observers be hand-selected from the birding and Master Naturalist communities
in their respective states, that rigorous training be provided, and that the project retain centralized coordination (e.g., transect
design, scheduling, data sheets generation, housing and analysis of data, interaction with landowners for logistic purposes).
Citizen scientist involvement would alleviate many of the costs of this project associated with surveyor salaries and travel.
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