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Scope of WorkMISSION
The Missouri River Bird Observatory is a 
501(c)3 non-profit entity dedicated to the 
conservation of Missouri’s migratory and 
resident birds through scientific research, 
community outreach, K-12 education and 
conservation policy advocacy.  

P.O. Box 16 
Arrow Rock, MO 65320

660.837.3888 
www.mrbo.org
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Objectives 
Task 1:  Perform mapping of hydrological conditions and 
classification of vegetative communities and structure at 
>95 wetland sites based on measured levels at WCSs at the 
time of avian survey visits.  

1) NRCS will:
(a) Provide spatial data detailing topography of 

every site based on design specifications and 
known elevation data of NRCS-installed water 
control structures to MRBO. This will include 
a computer-generated topographic model 
merging the original surface model with the 
design model, where available. 

(b) Provide all available vegetation data relevant 
to the sampled sites (e.g., species composition 
planted at time of wetland reconstruction) 
to MRBO.  This will include the most 
recent Compatible Use Authorization maps, 
delineated by either protected or planned 
habitat type using the Missouri NRCS’s 
modified Cowardin land classification system, 
and planting mixes for conservation cover 
and/or tree plantings where applicable. 

(c) Above information requested from all of 
Missouri’s regional wetland design teams by 
October 31st, 2019.

2) MRBO will:
(a) Perform spatial mapping of water levels 

throughout each site based on WCS 
measurements and site topography.

(b) Classify vegetative communities and structure 
based on NRCS data, available GIS and 
satellite imagery, and MRBO ground-truthing.

(c) Associate all spatially-explicit bird detections 
with water level and vegetation classification.  

 
Task 2:  Identify and develop appropriate statistical 
models that explain the relationship between hydrological 
management and bird use, and the relationship between 
vegetative structure and bird use, on wetland sites.  
3) NRCS will:

(a) Provide guidance regarding the metrics that 
would be most informative to staff and easily 
implemented in future wetland design and 
existing wetland management.

4) MRBO will:
(a) Consult with an existing network of agency 

and NGO colleagues, particularly Missouri 
Department of Conservation biostatisticians, 
experienced in performing similar analyses 
to determine the best approach to modeling 
known variables.

(b) Conduct analyses resulting in both 
explanatory and predictive models describing 
bird use of wetland sites based on covariates.

(c) Test predictive models on future years’ field 
data. 

Task 3:  Develop both broad-scale and site-specific management 
recommendations for hydrological management and vegetative 
community restoration/design to optimize avian diversity and 
abundance at WRP sites.
5) NRCS will:

(a) Provide input regarding the format in which the 
overall dataset and analysis results would be most 
easily accessible and useful for NRCS staff. 

(b) Provide a forum for MRBO project staff to present 
and discuss results with NRCS staff. 

(c) Provide ArcGIS Online access and basic technical 
assistance to appropriate NRCS staff members 
interested in exploring and using the spatial dataset 
and analysis results.   

6) MRBO will:
(a) Provide a detailed written report describing 

the findings, management implications, and 
recommendations resulting from mapping and 
analyses.  

(b) Provide all spatial data including hydrological maps, 
vegetative structure classifications, bird detections 
and occupancy measures to NRCS. 

(c) Provide in-person presentations and, if necessary, 
training in data access and use to NRCS staff 
members to insure ease of use data and analysis 
results.  

Deliverables 
Task 1:  

(a) A spatial database will be amassed that includes 
mapped hydrology and vegetative structure 
classifications for >95 WREP sites.

(b) Water level maps and vegetation classifications will 
be overlaid with bird detections to facilitate further 
analyses.

(c) This combined database will be made available to 
NRCS staff for further data exploration.

      Task 2:  
(a) Best-fit statistical models will be identified that 

describe the relationships between water level, 
vegetation composition and bird use on WREP sites.

(b) Selected models will be employed to identify with 
covariates of significant effects on avian diversity, 
occupancy and abundance.

(c) Results will be used in Task Three for presentation 
to NRCS Wetland Teams.

       
      Task 3:  

(a) Mapping and analysis results will be translated 
to broad-scale and site-specific management 
recommendations provided to NRCS in written and 
oral presentation/discussion formats. 

(b) Results will be made available to NRCS staff in 
spatial/digital format via ArcGIS Online. 

(c) Results can be used by NRCS Wetland Teams to 
adapt management at existing WREPs and taken 
into account for future wetland design.
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based on in-field observations. These habitat types included: 
Agriculture (AG) 
Grassland (GL)
Emergent Marsh (MA)
Agriculture & Grasses (MX1)
Agriculture & Woody (MX2)
Grass & Woody (MX3)
Marsh & Woody (MX4) 
Mix of three or more Habitat Types (MX5)
Mix of Open Water & Other Habitat Type (MX6)
Open Water (OW)
Scrub/Shrub (SH)
Wooded (WD)
 
Percentage of transect area covered by standing water was also 
estimated within each created polygon boundary. Observers labeled 
each the area as either dry, >20% standing water, 20-60% standing 
water, or >60% standing water on transect. 

Post-Processing and Modeling 
General Data Workflows 
Data collected using ArcGIS Field Maps were stored in ArcGIS 
Online (AGOL) and wer post-processed in the desktop environment. 
Bird data wer then associated with water-level depth models and 
vegetation data before being re-published to AGOL. This data was 
accessed by Rstudio (R Core Team (2021) using R-ArcGIS Bridge.

Associating Bird Data with Habitat Data and Derived Depth from 
Surface Models 
Using WCS measurements collected during MRBO surveys and 
elevation data provided by NRCS, water levels were modeled 
using ArcGIS Pro. Water depth with associations were extracted 
by overlaying all possible bird detections with these data. Habitat 
data was associated with all bird detections that fell within habitat 
polygons, which included the coarse habitat type and the amount of 
standing water present. 

Surface Modeling 
Contour polygons, generated from raster format elevation data, 
were first created using each WCS’s full pool elevation as the base 

contour line. Pool boundaries were traced and populated within a new 
polygon feature class. WCS measurements and bottom elevation were 
summed to form the elevation of water on a horizontal plane. Contour 
polygon outputs were generated using the elevation water plane value 
as the base contour and contour lines set at half-foot intervals. Each 
output was clipped to the extent of its associated pool boundary. A 
water depth classification field was added and populated to indicate 
the amount of water present within each contour polygon. Contour 
polygons were classified as either being dry, having less than 6 inches 
of water, 6 to 12 inches of water, 12 to 18 inches of water, or greater 
than 18 inches of water. Graduated color symbology was used to 
represent each polygon and its corresponding water depth. The area 
of each polygon contour was converted to acreage and each polygon 
contour was merged to form a single dataset that comprises total 
available acreage of water depth classes along with non-spatial data 
including easement identification and time of visit. 

Water depth of bird detection was calculated for all detections that 
were made within pool boundaries that had elevation data available 
and WCS measurements made during the time of survey. Elevation 
data in the form of Triangulated Irregular Networks (TINs) and their 
associated WCS bottom and full pool elevations were provided by 
NRCS officials for 31 easements.

Bird Water Depth Attribution 
For bird detections made within pool boundaries, the surface elevation 
at each detection point was calculated using the provided surface 
elevation data. The water depth at which each bird point was detected 
using was calculated by subtracting the bird’s surface elevation 
from the sum of the measured water level at the time of survey and 
bottom of the WCS elevation value. All negative water depth values 
were converted to zero to indicate the detection was made above the 
horizontal water plane and thus on dry land.

Habitat 
Bird detections were spatially joined with the coarse habitat and 
water coverage polygon layer so that every detection that fell within a 
polygon boundary was assigned a habitat type and percentage of water 
coverage. Polygon shape area was converted to acreage.

Data Collection
Bird Survey Data 
The bird data used for this project were obtained for the purpose of monitoring general bird use of 
WREP sites. Data were collected on easements by walking line transects placed within each wetland 
to maximize coverage of emergent marsh habitat. Transects were typically 400 meters in length; 
separation distance between transects was dependent on the size and configuration of the easement.  
Each transect was traversed by a single observer at a pace of approximately 1 mile/hour while 
recording all species detected by sight and sound. Detections were spatially recorded using ESRI’s 
Collector or Field Maps application using iPads or smartphones. Surveys began 15 minutes before 
sunrise and lasted no more than 3.5 hours each morning. In most years, each site was surveyed twice, 
once during spring migration (Late March to early May) and once during the breeding season (mid-
May to early July). Surveys were conducted only during suitable weather, which excludes conditions 
with precipitation and wind speeds exceeding 12 miles/hour. Due to marshbird secrecy and tendency 
to vocalize more often during the night, the use of audio playback of rail and bittern species were used 
to illicit audio responses.

Water Control Structure Data 
Where location data were provided and the structure was accessible, observers measured and recorded 
the water level in feet within each site’s water control structures (WCS) during both survey visits. The 
water level on the interior side of the wetland pool was measured and logged using ESRI’s Collector 
or Field Maps application. 

Habitat Data 
For each transect surveyed, a coarse habitat assessment was conducted that classified habitat as one of 
twelve categories. Polygons were created to encompass areas surveyed (i.e. out to 100m on each side 
of the line transect, encompassing 19.77 acres on a 400-m transect) and were assigned a habitat type 

Project Overview

The Missouri River Bird Observatory (MRBO) has amassed a novel, spatially-explicit data set of bird-use on private lands enrolled in the 
Wetlands Reserve Program (WRP) and the Wetland Reserve Easement Program (WREP). In order to provide further insights, the Natural 
Resources Conservation Program (NRCS) and MRBO worked cooperatively under the auspices of the Conservation Effects Assessment Project 
(CEAP) in modeling and analyzing the effects of hydrological management and vegetation structure on avian use of WRP and WREP sites 
in Missouri. Extensive literature research was conducted, and local experts conferred with, including wetland researchers with the Missouri 
Department of Conservation and University of Missouri. This project assessed bird occupancy models using the parameters of known wetland 
elevations, water depth, and vegetation types. 

WRP and WREP sites were designed by NRCS biologists to optimize wildlife use as well as provide ecological services for watersheds (e.g., to 
minimize the detrimental effects of flooding).  Landowners enrolled in wetland easement programs typically have wildlife-related goals as well, 
often directed at maximizing waterfowl use during the migration and winter seasons. Managed wetland easements provide numerous additional 
benefits to non-game birds throughout the year (Kaminski et al., 2006) but avian use patterns on private wetlands throughout Missouri were 
understudied until MRBO began regular surveys on a statewide scale in 2014.  MRBO has collected line-transect Distance sampling data on 
all bird species during migration and breeding season on 134 WREP sites since 2014.  This has resulted in a highly unique dataset containing 
>170,000 spatially explicit bird detections to date.  Since 2015, MRBO has measured water levels at 257 water control structures (WCS) on 96 
easements. 

For the present CEAP study, MRBO modeled water levels across easements for sites at which elevation data were available, and analyzed bird 
usage associated with water depth.  Depth was modeled from elevation and field-collected water level measurements at WCSs.  Associations 
between vegetation type and avian usage were also analyzed where possible; vegetation data analyzed were coarsely defined vegetation types 
by MRBO field staff.  These analyses identified the management regimes and vegetation structure that resulted in optimal avian diversity, 
occupancy and abundance on individual wetland sites during migration and breeding season. The objective of these analyses was to determine 
the habitat and management strategies that resulted in maximum bird use of WREP sites. 

Methods - Data Collection and Spatial Modeling

Mystical Sunrise at Riverlands by Renant Chang

Above: screenshot of ESRI Field Maps on a 
mobile device.  In this example, the observer is 
assigning habitat and water coverage to a polygon 
drawn in the field. 
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Data Incorporated into Spatial Models

Data Provided by NRCS 
Water Control Structures 
WCS location and elevation data were provided for 198 structures, 
belonging to 54 easements.

Elevation 
Surface elevation data were provided for 31 easements, including 35 
Triangular Irregular Networks (TINs).

Vegetation/Habitat Data 
Cowardin habitat classifications were either missing or inaccurate as 
collected prior to wetland restoration and construction for most sites.

Data Collected by MRBO 
Bird Survey Data 
From 2014 to 2021, MRBO conducted bird surveys on 138 unique 
easements/properties part of the WRP. These surveys resulted in 
172,486 individual detections that belonged to 245 unique species. Of 
those detections, 38% were landbirds, 34% were waterfowl, 14% were 
shorebirds, and 14% were waterbirds. Marshbird species, separated 
from the waterbird guild, were detected 17,812 times, making up about 
10% of the total detections.

Habitat Data 
Coarse habitat (vegetation) type and water coverage data were 
collected for 3,090 distinct polygons from the 2015-2021 survey 
seasons. Of the total 172,486 bird detections, 129,610 were assigned 
habitat type. Emergent marsh habitat contained the most birds with 
about 34% of the total detections. A mix of open water plus other 
habitat type followed by a mix of three or more habitat types hosted 
the next greatest number of detections with 16% and 15% of the 
total detections, respectively. The habitats with the least number of 
detections included shrub/scrub, a mix of agriculture and wooded, a 
mix of agriculture and grasses, and agriculture with approximately 
2.5% of the birds being detected within each of these habitats. When 
observing the marshbird guild, about 94% of the marshbird detections 

were detected within just five habitat types. 39% of the detections were 
within emergent marsh habitat, 19% were detected in a mix of open 
water and another habitat type, 14% were detected in a mix of 3 or 
more habitat types, 12% were detected in a mix of marsh and woody 
habitat, and 10% were detected in open water habitat. 
 
Bird detections associated with water coverage data included 129,108 
detections. About 57% of these detections were within water coverage 
that was considered 60% or greater standing water on the transect, 25% 
of the detections were in areas with 20-60% standing water, 13% were 
within areas of less than 20% of standing water, and 5% were classified 
as areas with no standing water present on the transect. Marshbirds 
were most often detected in areas with 60% or greater amounts of 
standing water as 68% of all marshbird detections belonged to this 
classification. 24% of marshbird detections were classified as within 
areas of 20-60% standing water, 7% were detected within areas of less 
than 20% standing water, and 1% of marshbird detections were within 
areas with no standing water present.

Water Control Structure Data 
A total of 1,075 observations belonging to 257 WCSs on 96 easements 
were recorded over the course of the 2015-2021 survey seasons. Of 
the 257 WCSs, 74 were viable for use in determining pool boundaries 
based on availability of observations and availability/integrity of 
elevation data provided. These 74 WCSs belonged to 29 unique 
easements. In total, 326 observations from these structures were used 
to create water depth surfaces.

Please see Appendix A for a graphical summary of bird data used in 
further analyses.  Please see Appendix B for WCS data used in further 
analyses.  Appendix C details the limitations encountered in water level 
monitoring, and factors to consider when assessing subsequent data 
analysis and results.  

Example: Screenshots of ArcGIS workflow to determine pool boundaries. Starting at the upper left and in a clockwise pattern, images 
show provided TIN, TIN to raster, raster to contour polygons, creation of pool boundary by tracing full pool contour line, completed pool 
boundary, and final boundary used to clip water levels derived by WCS measurements at this pool.
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Results - Spatial Modeling

The map on the left illustrates individual pools within an easement and the 
full pool extent. Twenty-eight maps showing pool extent were created and 
are stored within a single accessible ArcGIS project package.  All can be 
exported as PDFs if requested.

Similar to the map below, more than 130 maps showing snapshots of 
variation of water depth within individual pools are available.  These are 
also stored within the single ArcGIS project package and can be exported 
as PDFs as well. Within the ArcGIS package, maps are grouped by year 
and round. Not all pools could be mapped for a single site across all years 
due to due to occcasional missing water control structure data; some 
structures could not be measured due to flooding or clogging by mammal 
dams or dens. 

The map on the following page illustrates 
modeled water levels overlaid with bird 
detections.  The ArcGIS map package contins 
326 maps showing this scale of data, with bird 
detections from each survey overlaid on water 
levels. 

The example used here are from the Marker 
easement in WET region 4. There was an 
absence of water control structure data for pool 
1, which is why this pool has a blank water 
depth surface.  However, as shown, water 
levels were modeled for pool 2.  The map on 
the following page shows a snapshot of pool 2 
during the 2021 spring migration visit in which 
the water level at the water control structure 
was measured at a height of 1 foot. At this 
water level, no areas have a water depth of 
greater than 18 inches. Most of the species were 
detected using the edges of the water, where 
predominently waterfowl were present along 
with Sora, a marshbird which prefers shallow 
water. Maximizing this shallow water depth 
would be beneficial to marshbirds. 
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The map to the left indicates each pool boundary (in red)that is influenced 
by a single water control structure (purple). This is the largest easement in 
the project that had sufficient data to model water depth.

The map below shows what each pool’s water depth levels are based on 
available water control structure measurements for the spring migration 
visit in 2021. Based on accessibility, all but pool 9’s water level were 
measured by MRBO surveyors, which is why pool 9 water levels are 
absent.

The map on the following page provides 
a closer examination of pool 2 and thus 
allows for bird detections from that 
morning’s survey to be overlaid. At a 
measured height of 3.2 feet, this pool has 
water levels that are predominently 12 
inches deep or greater. The western edges 
of the pool are shallower as there is a 
gradual slope on this boundary. Although 
not prevalent during the survey, this 
shallower area is conducive to shorebirds 
and marshbirds where vegetation is 
suitable. There were Killdeer and Lesser 
Yellowlegs (shorebirds) present in these 
shallower areas.
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Ground-truthed Results
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Between-year Water Coverage Comparison - Migration and Breeding Season Easement ID: 6664240900X2K
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Between-year Water Coverage Comparison - Breeding Season
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Example of Pool-level Results - avian diversity and abundance by water level
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All pools that have sufficient data to be mapped are available in an ArcGIS Pro project package that can be shared or 
accessed within ArcGIS Online upon request.
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Example of Site-level Results - avian diversity and abundance by water level
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An analysis was performed examining wetland bird occupancy as single species and guilds (i.e. 
waterbirds, waterfowl, marshbirds) employing “Single” (water depth) and “Dynamic” multiple 
covariate modeling. Covariates included coarse vegetative data (in lieu of the planned Cowardin 
data), season, and water depths to estimate bird occupancy. The dynamic modelling employed used a 
multi-season analysis process of occupancy, colonization, and local extinction. Model selection was 
based on AIC values. 

Model estimates for guilds performed with higher levels of precision than single species for both 
single and dynamic models. Due to limitations(Appendix C), such as sample sizes of bird detections 
that occurred in modeled wetland pools, results are provided to be illustrative of methodology and 
assessed with caution. Estimates presented serve to demonstrate process and are not intended to be 
used for management prescriptions. The data and resultant estimates demonstrated rationale and 
strong support for estimating effort and sample sizes required for future examinations of bird and 
habitat relationships. 

Dynamic Modelling uses a multi-season analysis process incorporating occupancy, colonization, 
and local extinction. We examined colonization only for this study in terms of the probability of species occupying designated covariates (i.e. 
habitat + veg + water depth) within seasons (ie. spring or summer).

Results - Statistical AnalysesMethods - Statistical Analyses

Occupancy analyses were performed with the RPresence package 
(MacKenzie and Hines, 2018) in Rstudio to detect habitat and water 
depth associations for 161 avian species. Species were separated by 
guild (i.e., marshbird, shorebird, waterbird, and waterfowl). Data were 
collected in two seasons: spring (migration) and summer (breeding) 
between the years 2015 to 2021. The original dataset included 94,887 
observations for water-obligate species.  
 
RPresence employed occupancy analysis in two ways by estimating: 1) 
the probability an area was occupied by a species and 2) the proportion 
of the area that was occupied. Data were analyzed using specific 
detection formats such as presence-absence and detection probability. 
Detection data are categorized by 0 for non-detection, 1 for detection, 
and NA when not surveyed.

Detection Probability(p) is the variable that defines the probability 
of detecting a species, given presence (Buckland et al. 2015). The 
detection probability can be affected by effort (time, length, number 
of surveyors, the area covered, climate, etc.). Psi(Ψ) is the variable 
that defines the proportion of sites being occupied. RPresence also 
incorporates naïve estimates. Naïve estimates help estimate the 
probability of a species occurring in a study area by incorporating the 
proportion of sites occupied.  

In RPresence models, covariates were used to decrease variance 
in parameter estimates (Mackenzie et al., 2006). Covariates were 
either site-level, defined as variables that affect a species’ or guild’s 
probability of living in a particular area, or as survey variables that 
affect an observer’s probability of detection. 

Data were organized in and transformed from a wide format (similar 
to ArcGIS) to a long data format, i.e. one file with detection history (0, 
1, and NA), site, and survey covariates. Habitat(site) covariates were 
observed in two ways 1) how individuals used the space, i.e. randomly 
or continuously and 2) whether the species was predominantly in 
habitats with a specific type of vegetation or water depth class (i.e., 
categories resulting from spatial water level modeling as described 
in the previous section). Covariates were also standardized if the 
covariates varied via the R function scale(). Standardization helped 
the covariates exist in a comparable value range and normalized the 
data distribution.  Detection history, site, and survey covariates were 
input within the function createPAO(proportion of area occupied) from 
the RPresence package. Two analyses within RPresence were used: 
Single Occupancy (“so”; i.e., single species within a single season) and 
Dynamic Single occupancy (“do.1”; i.e., single species within multiple 
seasons) as shown in the following steps:

•	 Step one, a Null model was developed. Null models assumed 
both probabilities of detection(p) and occupancy (psi(Ψ)) are 
constant (i.e., no patterns or variations). Within the analysis, 
the type of model used was identified, such as “so” or “do.1”. 
Models were summarized based on Akaike Information 
Criterion (AIC), with 0 being the top model. The null model’s 
overall estimate, including the occupancy estimators p or psi 
of each site was also determined. 

•	 Step two, the detection covariates within the model were 
incorporated. The probability of detection was examined as a 
function of water depth and pool acreage. In the model, psi is 

constant, but the p is a function of water depth, pool acreage, 
and both water depth + pool acreage. 

• psi ~1, p~ standardize water depth
• psi ~1, p ~ standardize pool acreage
• psi ~1, p ~ standardize water depth + standardize 

pool acreage
Each covariate added as a cost, meaning some precision and 
fit is lost to make broader predictions. The best models are 
informative but straightforward to explain patterns/predictions 
within the data. 

•	 Step three, the site covariates (habitat) within the model were 
incorporated. 

• psi ~ standardize habitat size, p ~1
• psi ~vegetation type, p ~1

•	 the vegetation type is not standard because 
it’s a categorized variable

• psi ~ standardize habitat size + vegetation type, p ~1
• psi ~ standardize habitat size + standardize habitat 

size^2, p ~1
•	 This model relationship within a habitat is 

nonlinear.
•	 Step four compared models to find the balance between 

the number of parameters versus the fit using AIC (as 
described above). All models were summarized using the 
function createAicTable().

•	 In the final step, the top model with the best AIC, coef() was 
used. The coefficient function produces the coefficient of the 
best model (either p or psi) and a logistic regression intercept, 
determining which covariates have positive or negative 
relationships between guild and species.

The steps above were repeated in RPresence using Dynamic Single 
Occupancy modeling.  This introduced two additional parameters, 
gamma(colonization) and epsilon(local extinction), which apply to the 
intervals between seasons. From this, seasonal occupancy estimates can 
be derived.

Lesser Yellowlegs by MRBO Staff

Example tables for best single and dynamic covariate models provided. 
Column heading definitions for analysis results tables are as follows: 
Dynamic/Single Model = top performing models if applicable** based on *AIC
Count = total number of individuals in sample
Pool Count = number of individuals detected within pool spatial models for analysis 
Estimate = percent detected within the covariate(s) indicated
SE = standard error, LCL = lower confidence limit, UCL = upper confidence limit, 
Water depth = water class selected by top model, if any
Veg Type = course habitat characteristics selected by top model, if any

*AIC results used for model selection are in Appendix D
** Habitat Non-Linear can be defined as the individual occurred outside the habitat or there is no relationship found with covariates.
***Constant indicates that no covariates were preferred

Avian Guild Level Estimates
The guild model estimates performed with higher levels of precision than single species due to sample sizes. Model results were produced for 
water depth classes for the best single covariate models at the guild. The best dynamic models demonstrating the use of course vegetation type, 
habitat, season, and water depth are provided. Although limitations were encountered (Appendix C), the results from the statistical methods tend 
to make biological sense and provide defensible estimates once limitations are addressed.

Avian Guild Level Single Model
For all guilds, the covariate best describing bird occupancy was water depth. 
The best single model estimate (p=.15) for marshbirds (n=9928, within pool n=671) suggested this guild preferred water depth classes 6-12 
in and dry. Shorebird data (n=13,797, within pool n=442) resulted in a model estimate (p=.15) suggesting that this guild preferred the 6-12 in 
water depth class. Waterbird data (n=5070, within pool n=133) model estimates (p=.16) indicated preferred water depth classes of >18 in and 
12-18 in. Waterfowl data (n=24,531, within pool n=2014) estimates (p=.15) resulted in a suggested preference for water depth classes dry and 
12-18 in (this self-contradictory result to be discussed later in this report). 

Guild Best Model Count  Pool Count Estimate SE LCL UCL Water Depth 
Marshbirds Water Depth 9928 671 0.15 0.001 0.147 0.153 6in-12in, Dry
Shorebirds Water Depth 13797 442 0.149 0.001 0.147 0.151 6in-12in
Waterbirds Water Depth 5070 133 0.158 0.002 0.154 0.162 >18in,12in-18in
Waterfowl Water Depth 24531 2014 0.145 0.001 0.143 0.146 Dry, 12in-18in

Solitary Sandpiper by MRBO Staff



24 25

Avian Guild Level Dynamic Models
Note: Sample sizes were constant for both the dynamic and single covariate models.
Marshbird Estimates
Marshbird estimates (p=.34) indicate that the dynamic model selection best suited was “habitat+veg+water depth+season” with greater 
association to the water depth of 12-18 in and vegetation/habitat types of OW, WD, and MX3. 

Shorebird Estimates
Shorebird estimates (p=.33) indicate that dynamic model selection best suited for waterbird was “habitat+veg+ +season” with water depth 
estimates inconclusive.  Selected vegetation/habitat covariates were OW and SH. 

Waterbird Estimates
Waterbird estimates (p=.28) indicate that the dynamic model selection best suited for waterbird were non-linear** (i.e. no strong covariate 
influence) with water depth estimates inconclusive, and vegetation/habitat covariates of SH, OW, and WD. 

Waterfowl Estimates
Similar to marshbirds, data used indicate that model selection best suited for waterfowl were “habitat+veg+water depth+season” with 
association to the water depth >18 in and Dry and vegetation/habitat types of WD, MX2, and OW.

Guild Best Model Count Pool Count Estimate SE LCL UCL Water Depth Veg Type

Marshbirds Habitat + Veg + Water Depth 
+ Season 9928 671 0.341 0.003 0.334 0.347 12in-18in OW,WD,MX3

Shorebirds Habitat + Veg + Season 13797 442 0.327 0.002 0.322 0.332 - OW, SH

Waterbirds Habitat Non Linear 5070 133 0.28 0.004 0.274 0.288 - SH, OW, WD

Waterfowl Habitat + Veg + Water Depth 
+ Season 24531 2014 0.334 0.003 0.329 0.339 >18in , Dry WD, MX2, 

OW

Species Level Estimates
As previously mentioned, guild model estimates performed with higher levels of precision than single species for both single and dynamic 
models due to limitations (Appendix C) such as sample size; although these estimates are illustrative of methodology they should be viewed 
with caution. Only species with pool counts greater than 60 were included in analysis.

Marshbird Species - Single Model
Single models fit the few species with pool counts greater than 60 with the covariate of water depth. The best models are constant and select 
water depths from the full range of depth classes (i.e. dry, 6in-12in, 12in-18in, and >18in). “Constant” models were selected conditionally 
upon the species being detected at least once at a site and when no covariates were preferred. This is likely due to limited samples sizes.

Species Best Model Count Pool Count Estimate SE LCL UCL Water Depth 
American Bittern Constant 229 17 0.152 0.009 0.134 0.173 -
American Coot Water Depth 5637 276 0.137 0.002 0.134 0.14 12in-18in, 6in-12in, >18in
Green Heron Constant 195 38 0.144 0.009 0.126 0.163 -
Least Bittern Constant 108 12 0.119 0.01 0.1 0.142 -
Marsh Wren Constant 310 18 0.14 0.007 0.126 0.155 -
Pied-billed Grebe Water Depth 467 95 0.169 0.007 0.156 0.183 Dry,>18in
Sedge Wren Constant 111 0 0.139 0.012 0.116 0.164 -
Sora Water Depth 898 117 0.189 0.005 0.178 0.2 12in-18in
Virginia Rail Constant 106 20 0.14 0.012 0.117 0.167 -
Wilson’s Snipe Constant 1769 71 0.18 0.002 0.113 0.124 -

Marshbird Species - Dynamic Models
It was possible to associate a few individual species (i.e. Marsh Wren, Pied-billed Grebe, and Sora) with water depth as part of their top 
dynamic model and the preferred classes encompassed the full range of water depth classes.  Although Marsh Wren within-pool counts (n=18) 
were low, we acquired a decent estimate (p = .373) for preferred veg + water depth. This was due to the species occurring over only a few sites 
and higher sample sizes within the vegetation covariate. In comparison, the selected model for Pied- billed Grebe produced a lower estimate 

Species Best Model Count Pool 
Count Estimate SE LCL UCL Water Depth Veg Type

American Bittern Habitat + VegType + 
Season 229 17 0.16 0.01 0.145 0.185 - MA,MX6

American Coot Habitat + VegType + 
Season 5637 276 0.348 0.004 0.339 0.356 - OW, WD,MX1

Green Heron Habitat +Season 195 38 0.181 0.014 0.154 0.212 - -

Least Bittern Habitat +Season 108 12 0.291 0.029 0.238 0.352 - -

Marsh Wren Habitat + VegType + Water 
Depth +Season 310 18 0.373 0.214 0.332 0.416 >18in, 12in-

18in OW, WD,MX3

Pied-billed Grebe Habitat + VegType + Water 
Depth +Season 467 95 0.18 0.07 0.169 0.199 12in-18in MA, MX4,MX5, 

MX6, OW

Sedge Wren Habitat + VegType + 
Season 111 0 0.411 0.033 0.347 0.478 - GR,MA

Sora Habitat + Water Depth 
+Season 898 117 0.307 0.01 0.287 0.328

12in-
18in,>18in, 

dry
-

Virginia Rail Habitat +Season 106 20 0.344 0.037 0.276 0.42 - -

Wilson’s Snipe Habitat + VegType + 
Season 1769 71 0.27 0.007 0.256 0.284 - OW, MX1, MX3

Waterbird Species - Single Model
Only for Great Blue Heron (pool count = 76) could a single model incorporating water depth class be fit. This species showed a preference for 
all depth ranges above “dry”.  Other species did not have high enough within-pool sample sizes to model effectively.  

Species Best Model Count Pool Count Estimate SE LCL UCL Water Depth
American White Pelican Constant 1103 3 0.117 0.003 0.111 0.124 -
Double-crested Cormorant Constant 750 6 0.153 0.005 0.144 0.164 -
Franklin’s Gull Constant 101 0 0.15 0.014 0.125 0.179 -
Great Blue Heron Water Depth 1333 76 0.168 0.004 0.16 0.176 <6in, 12in-18in, >18in
Great Egret Constant 1530 39 0.159 0.003 0.151 0.166 -

even with higher sample size. This may be due to the seasonality of samples as well as their spread over more sites. In addition, models for 
these individuals produced estimates using covariates “VegType” of OW and WD, but were inconclusive within the water depth covariate 
derived from surface modeling. 

Waterbird Species - Dynamic Models
As with single model assessments, water depth class was not modeled, or if modeled not selected, for individual species using the dynamic 
models for the waterbird guild other than Great Blue Heron. This was expected due to low within-pool counts across species. We were able 
to associate “Habitat+VegType+Season” as well as “VegType” independently of water depth class given the adequate samples of American 
White Pelican, Double-crested Cormorant, and Great Egret.

Species Best Model Count
Pool 

Count Estimate SE LCL UCL
Water 
Depth Veg Type 

American White Pelican Habitat +VegType + Season 1103 3 0.315 0.009 0.299 0.332 - MX3

Double-crested Cormorant Habitat +VegType + Season 750 6 0.377 0.012 0.353 0.401 - MX3, MA

Franklin’s Gull Habitat Non linear 101 0 0.335 0.027 0.28 0.39 - -

Great Blue Heron Habitat Non linear 1333 76 0.247 0.006 0.235 0.26 - -

Great Egret Habitat +VegType + Season 1530 39 0.397 0.008 0.381 0.414 - MX3, SH, 
MX1
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Shorebird Species - Single Model
Single models for water depth class were fit for Killdeer and Lesser Yellowlegs. 

Shorebird Species - Dynamic Models
Several species’ sample sizes allowed for model fitting, but we were able to produce a water depth class estimate only for Semipalmated Plover 
with water depth ranging from dry to 6in-12in.  However, Semipalmated Plover needs further exploration to conclude water depth is the best 
model with the pool sample size n=3. 

Species Best Model Count Pool Count Estimate SE LCL UCL Water Depth 
American Golden-Plover Constant 143 1 0.393 0.026 0.344 0.445 -
Black-necked Stilt Constant 215 9 0.138 0.008 0.122 0.156 -
Dowitcher Spp. Constant 74 0 0.483 0.04 0.405 0.56 -
Greater Yellowlegs Constant 2636 42 0.133 0.002 0.128 0.138 -
Killdeer Water Depth 1198 109 0.184 0.004 0.175 0.194 Dry
Least Sandpiper Constant 390 14 0.167 0.007 0.152 0.183 -
Lesser Yellowlegs Water Depth 2357 91 0.168 0.003 0.162 0.174 12in-18in
Long-billed Dowitcher Constant 231 8 0.129 0.007 0.115 0.146 -
Pectoral Sandpiper Constant 3963 62 0.123 0.002 0.12 0.127 -
Sandpiper Spp. Constant 1686 43 0.143 0.003 0.137 0.15 -
Semipalmated Plover Constant 87 3 0.165 0.016 0.136 0.199 -
Solitary Sandpiper Constant 267 33 0.129 0.007 0.115 0.144 -
Spotted Sandpiper Constant 153 9 0.162 0.012 0.14 0.187 -
White-rumped Sandpiper Constant 71 1 0.118 0.013 0.095 0.147 -

Waterfowl Species - Single Model
The single model approach was able to produce estimates for preferred water depth classes for some species, namely dabbling duck species.

Species Best Model Count  Pool 
Count Estimate SE LCL UCL Water 

Depth Veg Type

American Golden-Plover Habitat + Season 143 1 0.473 0.03 0.414 0.532 - -

Black-necked Stilt Habitat + Season 
215 9 0.495 0.028 0.44 0.551 - -

Dowitcher Spp. Constant 74 0 0.483 0.04 0.405 0.562 - -

Greater Yellowlegs
Habitat + Veg + 

Season 2636 42 0.307 0.007 0.293 0.322 - OW, MX3, GR, 
MX5, MA, MX6

Killdeer Habitat Non Linear 1198 109 0.273 0.012 0.25 0.296 - OW

Least Sandpiper
Habitat + Veg + 

Season 390 14 0.362 0.015 0.332 0.393 - GR, OW, MX3, 
MX4 , MA, MX5

Lesser Yellowlegs
Habitat + Veg + 

Season 2357 91 0.342 0.006 0.33 0.354 - SH.OW

Long-billed Dowitcher
Habitat + Veg + 

Season 231 8 0.318 0.017 0.284 0.353 - OW, MX1

Pectoral Sandpiper
Habitat + Veg + 

Season 3963 62 0.315 0.004 0.307 0.324 - OW, WD

Sandpiper Spp.
Habitat + Veg + 

Season 1686 43 0.346 0.006 0.333 0.36 - MX3, OW, MX1

Semipalmated Plover
Habitat + Water Depth 

+ Season 87 3 0.5 0.042 0.416 0.583 6in-12in, Dry -

Solitary Sandpiper Habitat + Season 267 33 0.334 0.022 0.29 0.38 - -

Spotted Sandpiper 
Habitat + Veg + 

Season 153 9 0.361 0.028 0.309 0.417 - MX3, OW

White-rumped Sandpiper Habitat + Season 71 1 0.513 0.043 0.429 0.596 - -

Species Best Model Count
Pool 

Count Estimate SE LCL UCL Water Depth 
Blue-winged Teal Water Depth 11761 1117 0.137 0.001 0.135 0.14 Dry, >18
Canada Goose Water Depth 2469 189 0.162 0.003 0.156 0.168 >18, Dry
Duck spp. Constant 390 2 0.14 0.006 0.127 0.153 -
Gadwall Constant 979 69 0.123 0.003 0.116 0.13 -
Green-winged Teal Water Depth 1307 97 0.114 0.003 0.108 0.12 6in-12in, >18in
Hooded Merganser Constant 276 43 0.151 0.008 0.135 0.168 -
Mallard Water Depth 1152 94 0.169 0.004 0.161 0.178 12in-18in, >18in 
Northern Pintail Constant 71 2 0.237 0.025 0.192 0.288 -
Northern Shoveler Water Depth 2697 95 0.158 0.002 0.153 0.164 12in-18in, Dry 
Ring-necked Duck Constant 139 3 0.106 0.008 0.09 0.124 -
Wood Duck Water Depth 2688 294 0.166 0.003 0.16 0.171 12in-18in, >18in, 6in-12in

Species Best Model Count
Pool 

Count Estimate SE LCL UCL Water Depth Veg

Blue-winged Teal Habitat + Veg + 
Season 11761 1117 0.295 0.003 0.289 0.302 - MX3, MX5, MA, 

GR, MX6,  MX4

Canada Goose Habitat + Veg + 
Season 2469 189 0.311 0.006 0.299 0.323 - MX3,GR, MX4, 

MA, MX6, MX5

Duck spp. Habitat + Veg + 
Season 390 2 0.422 0.017 0.389 0.456 - OW, WD, MX3, 

MX5, MX4, MA

Gadwall Habitat + Water 
Depth + Season 979 69 0.447 0.011 0.425 0.47 12in-18in -

Green-winged Teal Habitat + Veg + 
Season 1307 97 0.377 0.01 0.357 0.397 - OW, WD, MX3,MA, 

MX4, MX5 

Hooded Merganser Habitat + Season 276 43 0.181 0.009 0.163 0.202 - -

Mallard Habitat + Veg +Water 
Depth +  Season 1152 94 0.331 0.011 0.308 0.354 >18in, 12in-18in

MX3, MX4,MA, 
MX1,MX5,GR, 

MX6

Northern Pintail Habitat + Season 71 2 0.404 0.04 0.327 0.485 - -

Northern Shoveler Habitat + Veg + 
Season 2697 95 0.367 0.007 0.353 0.381 - OW, MX3, MX5, 

MA,MX4,MX6

Ring-necked Duck Habitat + Season 139 3 0.411 0.028 0.35 0.46 - -

Wood Duck Habitat + Veg +Water 
Depth +  Season 2688 294 0.36 0.006 0.349 0.374 >18in, Dry MX2, SH

Waterfowl Species - Dynamic Models
Dynamic models provided estimates for several species plus unidentified ducks in aggregate (i.e. Duck spp.). Estimates suggest Duck spp., 
Green-winged teal, and Northern Shoveler are associated with OW and WD in vegetation type.  Models including the water depth class 
covariate were inconclusive. Gadwall, Mallard, and Wood Duck were associated with specific water depth classes within their respective top 
models.
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Throughout the course of this CEAP endeavor, MRBO was able to 
create a workflow for modeling water depth on WREPs, associating bird 
detections with modeled water levels, and analyzing avian occupancy 
based on several covariates.  Water levels were modeled over 74 wetland 
pools at 31 easements across the state of Missouri.  Most easements 
had two or more years of data for spring and breeding season surveys.  
Altogether this resulted in more than 300 maps produced displaying 
hydrology and bird use across sampled easements.  One of the outcomes 
of this project is to show that if wetland design data (i.e. elevation and 
ground contour) are available and measurements are taken at a WCS, 
it is possible to model water depths across easements (with several 
considerations, described below).  The present study has resulted in 
specific, relatively narrow recommendations at the individual site level, 
particularly if measurements and models are available across years.  

Within the ArcGIS map package, one can observe several easements for which there were multi-year WCS measurements, bird use data, 
and elevation data, which in combination illustrate the on-the-ground consequences of WCS levels (i.e. the “board height” maintained 
by the landowner). Future studies could adopt the workflow presented here while avoiding some of the challenges encountered in this 
particular CEAP study.  
 
This analysis began with a large sample (>170,000) of bird detections, measures of covariates, and number of study sites (>90 easements).  
Under the auspices of this CEAP study, we assessed the utility of this dataset to further assess avian habitat use using available 
parameters.  Complete data for all parameters was not consistently available; however, spatial modeling and subsequent occupancy 
modeling was successful where data were available.  We demonstrated that the availability of various water depths within wetland pools 
could be modeled using the water depth measurements at WCSs, the elevations of WCSs were known and wetland design data (e.g., TINs) 
were provided.  We were also able to demonstrate occupancy modeling of bird detections associated with water level and habitat data.
 
Since the spatially explicit avian dataset was collected for general population monitoring purposes, in some cases the data lacked 
sufficient site-level sample sizes within pools to estimate occupancy at the species level. 
MRBO bird data were originally collected for a large-scale census of WREP sites across the state of Missouri.  Although the dataset is 
generally very large, bird detections within wetlands for which we had design specifications was limited.  These limitations effected our 
ability to make prescriptive recommendations with specific metrics to maximize bird occupancy. Ultimately, the bird dataset was parsed 
down into sample sizes that often did not allow for high confidence in statistical estimates.  Challenges encountered included a lack 
of wetland design data at some easements (including some sites where bird detections were highest) and lack of Cowardin vegetation 
classifications.  The latter were replaced by very coarse habitat classifications identified by observers at the time of bird surveys.   
 
Situations were also encountered in which the water level models did not coincide precisely with ground-truthed conditions.  Factors that 
likely affected this discrepancy include the highly heterogenous nature of emergent marsh habitat, possible changes in land contours, 
hydrology, and/or ground cover since WREPs were restored, or recent weather events causing short-term variations in pooling. All 
wetland pools for which we encourage caution in extrapolating results are described in Appendix C. 

Stakeholders in Missouri have been working to develop an efficient WREP monitoring plan that lends itself to adaptive management 
paradigms and have encountered numerous challenges (Frazier and Galat 2009). Among those challenges, sufficient resources for long-
term ecological monitoring have not been available. With emerging technologies, MRBO has developed methods to collect data in novel 
and efficient ways that were previously unavailable. These methods resulted in a massive bird census dataset that provided comprehensive 
documentation of the importance of the WREP for birds in Missouri. These data were shared in mapped and tabular formats with 
landowners, using birds as one metric of the conservation value of their WREP properties.

Given adequate sample sizes through replication, spatially explicit bird data can be used with any number of georeferenced parameters to 
model bird occupancy within pools. Further study with refined study design (please see Recommendations) could be used to make further 
predictions about wetland bird species’ occupancy of WREP sites. Once accomplished, these estimates can be used in the context of other 
habitat and landscape components to remove uncertainty and better model and assess bird use of specific areas within WREP pools.

Bird data that is available in spatially explicit format with granular resolution has not been previously available and the scientific 
community is still developing methods to fully harness its power. We anticipate novel applications of remotely sensed data in conjunction 
with bird data will further reduce uncertainty of ecological mechanisms and provide stronger assessment of explanatory variables of value 
to stakeholders who design and manage WREP wetlands.

Discussion Recommendations

Literature Cited

Buckland, S. T., E.A. Rexstad, T.A. Marques, and C.S. Oedekoven. 2015. Distance Sampling: Methods and Applications. Springer International 
Publishing, Switzerland.

Frazier, S. and D.L. Galat. 2009. Analysis of Missouri Wetlands Reserve Program easement monitoring data. Final Report to Natural Resources 
Conservation Service, Resource Inventory & Assessment Division, Conservation Effects Assessment Project. University of Missouri, 
Columbia, MO. 

Kaminski, M.R., G.A. Baldassarre, and A.T. Pearse.  2006. Waterbird Responses to Hydrological Management of Wetlands Reserve Program 
Habitats in New York. Wildlife Society Bulletin 34(4): 921–926.

MacKenzie, D. I., J. D. Nichols, J. A. Royle, K. H. Pollock, L. L. Bailey, and J. E. Hines. 2006. Occupancy estimation and modeling: inferring 
patterns and dynamics of species occurrence. Elsevier Publishing, Amsterdam.

MacKenzie, D. I., J. D. Nichols, J. A. Royle, K. H. Pollock, L.L. Bailey, and J. E. Hines. 2018. Occupancy Estimation and Modeling - Inferring 
Patterns and Dynamics of Species Occurrence. 2nd Edition. Elsevier Inc, United Kingdom.

Mitsch, W.J., S.M. Nedrich, S.K. Harter, C. Anderson, A.M. Nahlik, and B. Bernal. 2014. Sedimentation in created freshwater riverine 
wetlands: 15 years of succession and contrast of methods. Ecological engineering 72(1): 25-34.

R Core Team. 2021. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.URL 
https://www.R-project.org/.

Great Blue Heron by George Albright

•	 In order to effectively employ the results of this study into site-level management suggestions for landowners, NRCS, MDC, or private 
organization biologists advising wetland landowners should consult the ArcGIS map package which provides the full extent of data from 
this project.  Easements for which WCS, TIN, and bird data were available have complete map coverage of water levels and avian use 
based on WCS measurements.   

•	 The results of this CEAP study indicate that recent wetland design and easement restoration by the USDA-NRCS and NRCS/MDC 
Wetland Emphasis Team results in heterogenous habitat used by a wide variety of avian species, particularly the desired wetland-obligate 
guilds.  Further consideration for avian surveys and analyses would include robust samples of: 

o pre- and post-restoration avian surveys
o paired samples of sites comparing different wetland designs
o paired within-site, within-season samples comparing WCS management (i.e. board levels). 

•	 If a continued objective is to evaluate the effect of WCS management on the water levels and associated avian usage throughout an 
easement, select study sites for which wetland design data (e.g., WCS elevation and TINs) are definitively known and available.   

•	 If a continued objective is to evaluate the covariate effect of water level and/or coverage and habitat type or vegetation structure, surveys 
specifically designed to capture habitat and vegetation attributes should be executed separately from avian surveys.   

•	 Further avian surveys conducted for the purpose of assessing the effects of design and management will likely need to employ additional 
survey replicates, particularly during the migration season.  The monitoring data included in this study were originally designed to provide 
a snapshot of easement use across seasons and years, but the extreme variation in migration timing would be well-studied with multiple 
within-season visits.   

•	 Future study design for projects examining covariate relationships with bird occupancy using these analyses methods should focus 
on obtaining adequate bird data. Line-transect methodology and bird detection data presented here may be used to make reasonable 
assessments of the amount of effort required to generate models with a high level of precision.  

•	 Methods employed here to model water level depth can be used in conjunction with spatially explicit data from virtually any taxa. The 
spatial and statistical approaches and processes used to identify associations between water level and habitat with organism use can be 
applied to other datasets and potentially used in study design for a variety of other conservation management goals.  

https://www.R-project.org/
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Appendix A: Avian data incorporated into spatial models
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Appendix B: Water Control Structure data used to inform models

WCS measures migration 
2015

breeding 
2015

migration 
2016

breeding 
2016

migration 
2017

breeding 
2017

migration 
2018

breeding 
2018

migration 
2019

breeding 
2019

migration 
2020

migration 
2021

breeding 
2021

Total 
measures

WCS_Acuff-1 - - - - - - 2.17 1.9 - - - 2.58 1.55 4

WCS_AdJones-1 - - - - - - - - 4.5 4.75 - 3.4 3.3 4

WCS_
BrengarthN-1 - - - 0.25 7.08 3.5 - - - - - 2.75 2.75 5

WCS_
BrengarthN-2 - - - - - 3 - 1 - - - 2.67 2.75 4

WCS_
BrengarthS-1 - - - - - - - - - - - 2.75 0 2

WCS_CLCN-1 - - 1.04 0.92 - - - - - - - 0.8 0.8 4

WCS_CLCN-2 - - 1.88 1.58 - - - - - - - 2.8 - 3

WCS_CLCN-3 - - - 1 - - - - - - - 1.6 1.3 3

WCS_CLCN-4 - - - 0 - - - - - - - 0.7 0.2 3

WCS_
ConLandCo-1 - - - - - - - - 3.92 0.17 - 2.2 1.9 4

WCS_
ConLandCo-10 - - - - - - - - 2.75 2 - 2.83 2.67 4

WCS_
ConLandCo-11 - - - - - - - - 2.92 2.08 - 2.16 0.08 4

WCS_
ConLandCo-12 - - - - - - - - 3.58 0.33 - 3.58 3.42 4

WCS_
ConLandCo-13 - - - - - - - - 3.16 0.33 - 2.75 2.58 4

WCS_
ConLandCo-14 - - - - - - - - 3.42 0.16 - 3.58 3.42 4

WCS_
ConLandCo-15 - - - - - - - - 3.25 2.33 - 2.98 0.83 4

WCS_
ConLandCo-2 - - - - - - - - 3 2.58 - 3.2 1.3 4

WCS_
ConLandCo-3 - - - - - - - - 3.58 3 - 3.5 3 4

WCS_
ConLandCo-4 - - - - - - - - 2.25 2.17 - 2.1 1.6 4

WCS_
ConLandCo-5 - - - - - - - - 0.08 0.16 - 2.67 2.6 4

WCS_
ConLandCo-6 - - - - - - - - 3.5 3.66 - 3 2.7 4

WCS_
ConLandCo-7 - - - - - - - - - - - 4 3.83 2

WCS_
ConLandCo-8 - - - - - - - - 2.58 2.33 - 0.08 0.16 4

WCS_Cooper-1 - - - - - - - 0 - - - 0.85 - 2

WCS_Cooper-2 - - - - - - - 0 - - - 2 - 2

WCS_Cooper-3 - - - - - - - 0 - - - 1.83 1.67 3

WCS_Dowil-1 - - - - - - - - 3.17 2.91 - - - 2

WCS_DP-1 - - 0.25 0 - 2.5 - - - - - - 0 4

WCS_DP-2 - - 0.25 0 - 3.08 - - - - - - 0 4

WCS_DP-3 - - 1.25 0 - 0.92 - - - - - - 0.33 4

WCS_Dris-1 - - 0.42 1.41 1.42 1.25 1.5 1.5 1.75 0.83 0 0.3 0.08 11

WCS_Dris-2 - - 0.67 0.77 0.25 0.8 0.77 1.08 1.42 1.33 0.42 0 0.5 11

WCS_Eng-1 - - - 2.92 - - 3 2.75 2.75 2.58 2.33 2.75 2 8

WCS_Eng-3 - - - - 1.83 2.32 2.25 2.5 2.33 2.33 2.42 - 1.67 8

WCS_Eng-4 - - - - 1.42 2.42 3 - 2.25 2.08 2.7 2.33 0.92 8

WCS_Eng-5 - - - - 1 2.5 2.54 1.58 2.5 2.5 2.5 2.5 2 9

WCS_FLRI-1 - - - - - - - - 1.08 0.17 - - - 2

WCS measures migration 
2015

breeding 
2015

migration 
2016

breeding 
2016

migration 
2017

breeding 
2017

migration 
2018

breeding 
2018

migration 
2019

breeding 
2019

migration 
2020

migration 
2021

breeding 
2021

Total 
measures

WCS_FLRI-2 - - - - - - - - 2.75 1.17 - - - 2

WCS_
Goulding-1 - - 0.92 0.79 1 1.58 - 0.5 - - - 0.75 1 7

WCS_
Goulding-2 - - 0.67 0.25 0.75 1.33 0.5 0.5 - - - 0.25 0.25 8

WCS_
Goulding-3 - - 1.4 1.08 1.58 1.75 0.83 1 - - - 1.75 1.92 8

WCS_Guier-1 - - - - - - - - 1.92 - - 2 - 2

WCS_Guier-2 - - - - - - - 1.75 2.63 2.08 - 2.75 - 4

WCS_HE-1 - - - - - - - - 2.16 1.17 1 2.1 1.67 5

WCS_HE-2 - - - - - - - - 2.33 2.58 2.67 2.6 - 4

WCS_HrdN-1 - - - - - - - - 2.35 2.25 - 2.33 2.2 4

WCS_HrdN-2 - - - - - - - - - - - 2.58 - 1

WCS_HrdN-3 - - - - - - - - 4 3.66 - 3.83 - 3

WCS_HrdS-1 - - - - - - - 0.5 4.08 3.92 - 4 3.83 5

WCS_Lang-1 - 0 2.5 3 - - 2.92 1.83 - - - - - 5

WCS_Marker-1 - - - - - - - - 1.7 3 3 - - 3

WCS_Marker-2 - - - - - - - - - 0.9 3 1 - 3

WCS_Mert-1 - - - - - - - - 3.66 - - 3.66 3.66 3

WCS_Mert-2 - - - - - - - - - - - 3.33 - 1

WCS_Ona-1 - 2.58 - - - - - - 4 2.58 2.75 2.75 0.8 6

WCS_Ona-2 - 0.2 - - - - - - 3 0.58 1.92 1.75 1.2 6

WCS_Ona-3 4 1.9 - - - - - - 3.58 2.83 1.92 2.83 0.6 7

WCS_Ona-4 4 0.25 - - - - - - 1.75 1.83 1.83 1.75 1.8 7

WCS_Ona-5 4 0.5 - - - - - - 1.75 1.16 0.42 0.17 0.3 7

WCS_Ona-6 - 2.8 - - - - - - 4.75 - 2 2.8 0.9 5

WCS_Ona-7 4 0.13 - - - - - - 3 3 2.58 2.42 - 6

WCS_Peoples-1 - - - - - - - - 5.42 5.08 - 0.8 5.2 4

WCS_
PierceFarm-1 - - - - - - - 0.5 - - 3.21 3 0.5 4

WCS_
PierceFarm-2 - - - - - - - 1.66 - - 1.75 2.08 0.33 4

WCS_
PierceFarm-3 - - - - - - - 2 - - 2.08 2.08 0.67 4

WCS_PR-1 - - - - - - 5.33 3 - - - 5.25 5.16 4

WCS_Schutte-1 - - - - - - - - - 4 - 4.9 5.25 3

WCS_Schutte-2 - - - - - - - - 5 4 - 4 3.83 4

WCS_Spry-1 - - - 4.83 4.58 - - - - - - 4.92 3.67 4

WCS_Spry-2 - - - 2.33 1.82 2.42 - - - - - 2.6 2.42 5

WCS_Wehde-1 - - - - - - - - 2.2 2 - - 1.8 3

WCS_Wehde-2 - - - - - - - - 4.17 3.91 - 3 3.2 4

WCS_Wil40-1 - - - - - - 1.33 1 1.5 1.33 2 2 1.33 7

Total 4 8 11 17 11 14 12 21 44 43 21 63 57 326

Total of 74 WCS used in Mapping
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Appendix C: Limitations and Considerations in Water Modeling

MRBO received 35 TINs belonging to 31 Easements.  
Pool Boundary Delineation is a product of using TINs and WCS full pool elevation data.  This section describes limitations in 
boundary delineation.  Illustrative screenshots of delineation processes are available upon request.   
 
Delineation was excluded for:

•	 All of Cottonwood, due to inability to verify area of influence each WCS has and potential for TIN not to represent easement 
due to nature of the site to be flooded much of the time and causing sedimentation. (Mitsch et al., 2014)
•	 All of Menius, due to fragmented TIN.
•	 Main pool of Wehde due to unclear TIN.
•	 SE pool of Brengarth North due to unclear TIN. 
 
Delineation included but surface mapping not included for:
•	 Concorde Pool 9 (Covered by Concorde TIN #1) had its boundary mapped but due to absence of measurements was excluded 
in mapping and bird depth.
•	 Mertens Pool 3 had its boundary mapped but due to absence of measurements was excluded in mapping and bird depth. This 
WCS is on the other side of the ditch that is very steep and typically flooded.
•	 Engelen W-2 (north pool) had its boundary mapped but due to absence of measurements was excluded in mapping and bird 
depth. There has not been a WCS found around here.
Based on methodology of delineating each WCS area of influence, certain pool boundaries were created with less confidence than 
others.
•	 High confidence pools (46) = Wilson-1, Onanole-2, Onanole-3, Onanole-6, Marker-1, Marker-2, Langkrahr-1, Guier-1, 
Guier-2, Goulding-1, Goulding-2, Goulding-3, Engelen-1, Wehde-2, Spry-1, Spry-2, Schutte-1, Schutte-2, Peoples-1, Mertens-1, 
Mertens-2, Mertens-3, Hrdina S-1, FLRI-2, Eshraghi-1, Eshraghi-2, Eshraghi-3, Dowil-1, Concorde-1, Concorde-2, Concorde-3, 
Concorde-4, Concorde-5, Concorde-6, Concorde-7, Concorde-8, Concorde-9, Concorde-10, Concorde-11, Concorde-12, 
Concorde-13, Concorde-14, Concorde-15, Brengarth S-1, Brengarth N-2, Acuff-1
•	 Medium confidence pools (22) = Onanole-1, Pierce-1, Pierce-3, Heartland-1, Heartland-2, Engelen-5, Engelen-4, Engelen-3, 
Cooper-1, Cooper-2, Cooper-3, Combs-2, Combs-3, Combs-4, Aycock-1, Aycock-2, Wehde-1, Jones-1, Hrdina N-1, Hrdina N-2, 
Hrdina N-3, FLRI-1
•	 Low confidence pools (7) = Onanole-4, Onanole-5, Onanole-7, Pierce-2, Engelen-2, Combs-1, Brengarth N-1 
 
The most common problem encountered when creating pool boundaries was that when using the full pool elevation of the WCS, 
a clear and consistent contour line at that elevation was not present. Often, adjusting full pool elevation so that it is lower helped 
determine the shape of the pool. This suggests that the actual amount of water a WCS can hold is less than what is established. 
 
WET 4
1. Wilson Pool 1: no problems with delineation.
2. Onanole Pool 1: At full pool, boundary in northeast part unclear. Pool boundary was created bridging this gap. 
3. Onanole Pool 2: No problems with delineation.
4. Onanole Pool 3: No problems with delineation.
5. Onanole Pool 4: At full pool, northern and eastern boundary could not be delineated but were created based on known 
topography of site.
6. Onanole Pool 5: At full pool, contours suggest pool area of influence extends into Pool 4. I created the boundary assuming it 
does not. Neal did mention that this area is more of a drainage ditch. Maps and detection are still included for this pool.  
7. Onanole Pool 6: No problems with delineation.
8. Onanole Pool 7: At full pool, very hard to delineate boundary. My best attempt of creating boundaries based on setting full 
pool inches lower helped and when Neal looked this over he didn’t object so I kept it and all associated maps/detections.
9. Marker Pool 1: No problems with delineation.
10. Marker Pool 2: No problems with delineation.
11. Langkrahr Pool 1: No problems with delineation.
12. Guier Pool 1: No problems with delineation.
13. Guier Pool 2: No problems with delineation.
14. Goulding Pool 1: No problems with delineation.
15. Goulding Pool 2: No problems with delineation.
16. Goulding Pool 3: No problems with delineation. 

 
WET 3
17. Pierce Farm 1: at full pool (333 ft) boundary not clear. Imagery of where levee was matched a full pool of ~332.5 ft and was drawn 
based on this value. 
18. Pierce Farm 2: at full pool (332.8 ft) boundary not clear. Imagery suggests lower and thus was created at ~332 ft. 
19. Pierce Farm 3: at full pool (337.9 ft) boundary not clear. Drawn at 337.4 ft for most of boundary but still the levee didn’t show at this 
elevation and was hand-drawn to match levee (used aerial imagery). 
20. Heartland Pool 1: Full pool (354 ft) doesn’t reflect levee well. Outer boundary on west side of pool is apparent but levee is more 
defined around 353.5 ft. Pool boundary was drawn using 354 ft for outer boundary and used 353.5 ft for levee.  
21. Heartland Pool 2: Full Pool (353 ft) boundary not clear. At 352.5 ft, boundary much clearer and was used to delineate.
22. Engelen Pool 1: No problems with delineation.
23. Engelen Pool 2: Full pool (353.4 ft) boundary not clear. More defined at 352.4 ft but lacked clear boundary on SW area. Boundary 
created at 352.4 ft and estimated boundary in SW area. No WCS measurements as this WCS seemed to be moved or non-existent every 
survey.
24. Engelen Pool 5: Full pool (353 ft) boundary not clear. Used 352 ft as contour line and extended it on the south end to higher elevation 
towards 353 ft.
25. Engelen Pool 4: Full Pool (353 ft) boundary not clear. Resorted to using elevation at 352.5 ft but still unclear at places. Used aerial 
imagery to follow levee for parts.
26. Engelen Pool 3: TIN did not cover north levee. Pool boundary at full pool (354.3 ft) not clear. Became defined at around 353.3 ft. 
Boundary created at this elevation. 
27. Cooper Pool 1: TIN coverage not complete on south end. Used extent of TIN on south end to create pool boundary there. Otherwise, 
no problem delineating pool boundary.
28. Cooper Pool 2: Full pool (333.5 ft) boundary not clear. Clear at 332.5 ft and this contour was used to create pool.
29. Cooper Pool 3: Full pool (335 ft) boundary not clear. Clearer at 334.5 ft and this contour was used to create pool.
30. Combs Land North Pool 1: Full pool (245.9 ft) boundary not clear. Levee on north, west, and south side are clear at 245.4 ft and was 
used to create contour. East side was unclear and so using aerial imagery this area was drawn matching levee.  
31. Combs Land North Pool 2: Full pool (247.4 ft) boundary not clear. Clearer at 246.4 ft and this contour was used to create pool.
32. Combs Land North Pool 3: Full pool (245.5 ft) boundary not clear. Clearer at 244.5 ft and this contour was used to create pool.
33. Combs Land North Pool 4: No problems except a small portion of boundary at full pool in south part.
34. Aycock Pool 1: Full pool (300.6 ft) boundary not clear. Clearer at 299.1 ft, but still incomplete and so used 298.6 ft to create pool 
boundary.
35. Aycock Pool 2: Full pool (301 ft) boundary not clear. Clearer at 299.8 ft and this was used to create pool boundary. 
 
WET 2
36. Wehde Pool 1: No problems except small portion of levee showing elevation <.5 feet lower than full pool. Pool boundary drawn 
across gap.
37. Wehde Pool 2: No problems with delineation.
38. Spry Pool 1: No problems with delineation.
39. Spry Pool 2: No problems with delineation.
40. Schutte Pool 1: No problems with delineation.
41. Schutte Pool 2: No problems with delineation.
42. Peoples Pool 1: No problems with delineation.
43. Mertens Pool 1: No problems with delineation.
44. Mertens Pool 2: No problems with delineation.
45. Mertens Pool 3: No problems with delineation.
46. Jones Pool 1: There is an area with a ditch that extends beyond the TIN coverage. This area is wooded. Due to TIN coverage and 
experience at this site, pool boundary was altered slightly to not cover ditch area. 
47. Hrdina south Pool 1: No problems with delineation.
48. Hrdina north Pool 1: No problems with delineation except TIN coverage incomplete for parts of south and eastern pool boundary. 
Boundary followed edge of TIN in these instances.
49. Hrdina north Pool 2: : No problems with delineation except TIN coverage incomplete for parts of eastern pool boundary. Boundary 
followed edge of TIN in these instances.
50. Hrdina north Pool 3: No problems with delineation except TIN coverage incomplete for parts of eastern pool boundary. Boundary 
followed edge of TIN in these instances.
51. FLRI Pool 1: No problems with delineation except TIN coverage incomplete for small part of NE corner. Boundary followed edge of 
TIN in these instances.
52. FLRI Pool 2: No problems with delineation.
53. Eshraghi Pool 1: No problems with delineation.
54. Eshraghi Pool 2: No problems with delineation.
55. Eshraghi Pool 3: No problems except small portion of levee showing elevation <.5 feet lower than full pool. Pool boundary drawn 
across gap.
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56. Dowil Pool 1: No problems with delineation.
57. Concorde Pool 1: No problems with delineation.
58. Concorde Pool 2: No problems with delineation.
59. Concorde Pool 3: No problems with delineation.
60. Concorde Pool 4: No problems with delineation.
61. Concorde Pool 5: No problems with delineation.
62. Concorde Pool 6: No problems with delineation.
63. Concorde Pool 7: No problems with delineation.
64. Concorde Pool 8: No problems with delineation.
65. Concorde Pool 9: No problems with delineation.
66. Concorde Pool 10: No problems with delineation.
67. Concorde Pool 11: No problems with delineation.
68. Concorde Pool 12: No problems with delineation.
69. Concorde Pool 13: No problems with delineation.
70. Concorde Pool 14: No problems with delineation.
71. Concorde Pool 15: No problems with delineation.
72. Brengarth south Pool 1: No problems with delineation.
73. Brengarth north Pool 1: full pool (585 ft) unclear except around north levee. Estimated eastern and southern pool boundary based on 
imagery and contours at lower elevation. Western part of pool cut off due to TIN and pool boundary here follows TIN edge.
74. Brengarth north Pool 2: No problems with delineation.
75. Acuff Pool 1: No problems with delineation. 
 
WET 1
76. No elevation data were provided for WET region 1. 

 

Challenges Encountered when Mapping Surfaces
Based on in-field observations and comparing these to mapped surfaces (i.e. ground-truthing), it was clear that some mapped surfaces did not 
reflect the true water coverage at the time of survey. This prompted some investigation on the causes. Using a smartphone’s built-in GPS, an 
additional water level measurement was taken in 2021 by averaging the measurement of several water level readings around a plotted point. 
This was performed 26 times on a total of 19 pools - 25 times in spring 2021 and 1 time in summer 2021.

•	 Pierce-3, 3 additional measurements that all were very similar to that of measured WCS.
•	 Pierce-2, 1 additional measurement that suggested much less water (in reality the WCS measurement was more accurate).
•	 Pierce-1, 1 additional measurement that was similar to measured WCS but suggested slightly greater water.
•	 Engelen-1, 1 additional measurement that was similar to measured WCS but suggested slightly less water.
•	 Engelen-5, 2 additional measurements. One suggested much greater water while the other, which was taken at the edge of water and 
dry land suggested a greater water than WCS and was closer to accuracy based on in-the-field observation.
•	 Hrdina N-2, 1 additional measurement that was similar to measured WCS but suggested slightly less water.
•	 Hrdina N-1, 1 additional measurement that was similar to measured WCS but suggested slightly more water.
•	 Hrdina N-3, 1 additional measurement that was similar to measured WCS but suggested slightly more water.
•	 Brengarth N-2, 1 additional measurement that was similar to measured WCS but suggested slightly more water.
•	 Spry-2, 1 additional measurement that suggested about half a foot more water.
•	 Concorde-3, 1 additonal measurement that suggested about half a foot less water.
•	 Concorde-4, 1 additional measurement that suggested about .35 feet more water.
•	 Concorde-5, 1 additional measurement that suggested about half a foot less water.
•	 Concorde-6, 1 additional measurement that suggested about .35 feet more water.

•	 Concorde-7, 1 additional measurement that suggested about .25 feet less water.
•	 Mertens-1, 2 additional measurements. One suggested slightly less and one suggested slightly more water than WCS.
•	 Wilson-1, 1 additional measurement that suggested 2.6 feet more than WCS.
•	 Goulding-3, 1 additional measurement that suggested .3 feet less water.
•	 Goulding-2, 1 additional measurement that suggested .9 feet more water and this measurement was more accurate to true 
representation of water surface compared to WCS measurement.
•	 Acuff-1, 2 additional measurements. One suggested .15 feet less water and another suggested .19 feet more water than WCS.
•	 Acuff-1, (only summer supplemental observation) suggested .9 feet greater water.

Some pool surfaces that were mapped were questionable based on ground-truthing. In some cases, water depth as modeled did not accurately 
capture what the pool truly looked like during ground-truthing. Additionally, some surfaces don’t appear to be correct based on species 
present and their location. For example, a common trend is that water-obligate species such as waterfowl and shorebirds are often indicated 
using dry land. These individuals could have been slightly inaccurate in their placement but considering how relatively common this is and 
that in some instances the birds are far from a wet area, it is likely that either the water measurement was inaccurate and greater amounts 
of water are present or modeling does not account for recent rainfall and micro topology. There may be wet areas like puddles that are not 
contributing water to the WCS and therefore cannot be represented. This would make sense for many of the shorebird detections that are made 
on apparently dry land.
Questionable surfaces include: 
•	 2015 Summer

• Lang-1
•	 2016 Spring

• Combs-1
• Eshraghi-1
• Eshraghi-2
• Goulding-3
• Aycock-1
• Aycock-2

•	 2016 Summer
• Brengarth N-1

•	 2017 Spring
• Engelen-4
• Engelen-5
• Aycock-2

•	 2017 Summer
• Eshraghi-3
• Engelen-4

•	 2018 Spring
• Wilson-1
• Engelen-4
• Engelen-5

•	 2018 Summer (none)
•	 2019 Spring

• Wilson-1
• Engelen-4
• Engelen-5

•	 2019 Summer
• Engelen-4
• Engelen-5
• Aycock-1

•	 2020 Spring
• Onanole-5
• Heartland Extreme-1
• Engelen-4
• Aycock-2

•	 2021 Spring
• Goulding-2
• Engelen-4
• Engelen-5
• Peoples-1

•	 2021 Summer (none)
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Appendix D: Akaike Information Criteria for model selection (R generated)
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Appendix E: Avian Alpha Codes for quick reference with detection maps in ArcGIS

Code Species Name
ACFL Acadian Flycatcher
ALFL Alder Flycatcher
AMAV American Avocet
AMBI American Bittern
AMCO American Coot
AMCR American Crow
AMGP American Golden-Plover
AMGO American Goldfinch
AMKE American Kestrel
AMPI American Pipit
AMRE American Redstart
AMRO American Robin
ATSP American Tree Sparrow
AWPE American White Pelican
AMWI American Wigeon
AMWO American Woodcock
BASA Baird’s Sandpiper
BAEA Bald Eagle
BAOR Baltimore Oriole
BANS Bank Swallow
BANO Barn Owl
BARS Barn Swallow
BADO Barred Owl
BEVI Bell’s Vireo
BEKI Belted Kingfisher
BLRA Black Rail
BLTE Black Tern
BLVU Black Vulture
BAWW Black-and-white Warbler
BBPL Black-bellied Plover
BBCU Black-billed Cuckoo
BCCH Black-capped Chickadee
BCNH Black-crowned Night-Heron
BNST Black-necked Stilt

BTNW
Black-throated Green 
Warber

BLPW Blackpoll Warbler
BLGR Blue Grosbeak
BLJA Blue Jay
BGGN Blue-gray Gnatcatcher
BHVI Blue-headed Vireo
BWTE Blue-winged Teal
BWWA Blue-winged Warbler
BOBO Bobolink

Code Species Name
BOGU Bonaparte’s Gull
BWHA Broad-winged Hawk
BRCR Brown Creeper
BRTH Brown Thrasher
BHCO Brown-headed Cowbird
BBSA Buff-breasted Sandpiper
BUFF Bufflehead
CAGO Cackling Goose
CANG Canada Goose
CAWA Canada Warbler
CACH Carolina Chickadee
CARW Carolina Wren
CATE Caspian Tern
CAEG Cattle Egret
CEDW Cedar Waxwing
CSWA Chestnut-sided Warbler
CHSW Chimney Swift
CHSP Chipping Sparrow
CCSP Clay-colored Sparrow
CLSW Cliff Swallow
COGA Common Gallinule
COGR Common Grackle
COME Common Merganser
CONI Common Nighthawk
COTE Common Tern
COYE Common Yellowthroat
COHA Cooper’s Hawk
DEJU Dark-eyed Junco
DICK Dickcissel
DCCO Double-crested Cormorant
DOWO Downy Woodpecker
DUNL Dunlin
EABL Eastern Bluebird
EAKI Eastern Kingbird
EAME Eastern Meadowlark
EAPH Eastern Phoebe
EASO Eastern Screech-Owl
EATO Eastern Towhee
EWPW Eastern Whip-poor-will
EAWP Eastern Wood-Pewee
EUCD Eurasian Collared-Dove
EUST European Starling
FISP Field Sparrow
FICR Fish Crow

Code Species Name
FOTE Forster’s Tern
FOSP Fox Sparrow
FRGU Franklin’s Gull
GADW Gadwall
GCKI Golden-crowned Kinglet
GWWA Golden-winged Warbler
GRSP Grasshopper Sparrow
GRCA Gray Catbird
GBHE Great Blue Heron
GCFL Great Crested Flycatcher
GREG Great Egret
GHOW Great Horned Owl
GTGR Great-tailed Grackle

GWFG
Greater White-fronted 
Goose

GRYE Greater Yellowlegs
GRHE Green Heron
GWTE Green-winged Teal
HAWO Hairy Woodpecker
HESP Henslow’s Sparrow
HETH Hermit Thrush
HOME Hooded Merganser
HOLA Horned Lark
HOFI House Finch
HOWR House Wren
HUGO Hudsonian Godwit
INBU Indigo Bunting
KEWA Kentucky Warbler
KILL Killdeer
KIRA King Rail
LASP Lark Sparrow
LEBI Least Bittern
LEFL Least Flycatcher
LESA Least Sandpiper
LETE Least Tern
LCSP LeConte’s Sparrow
LESC Lesser Scaup
LEYE Lesser Yellowlegs
LISP Lincoln’s Sparrow
LBHE Little Blue Heron
LOSH Loggerhead Shrike
LBDO Long-billed Dowitcher
LOWA Louisiana Waterthrush
MAWA Magnolia Warbler

Code Species Name
MALL Mallard
MAWR Marsh Wren
MERL Merlin
MIKI Mississippi Kite
MODO Mourning Dove
NAWA Nashville Warbler
NESP Nelson’s Sparrow
NOBO Northern Bobwhite
NOCA Northern Cardinal
NOFL Northern Flicker
NOHA Northern Harrier
NOMO Northern Mockingbird
NOPA Northern Parula
NOPI Northern Pintail

NRWS
Northern Rough-winged 
Swallow

NSHO Northern Shoveler
NOWA Northern Waterthrush
OCWA Orange-crowned Warbler
OROR Orchard Oriole
OSPR Osprey
OVEN Ovenbird
PESA Pectoral Sandpiper
PEFA Peregrine Falcon
PBGR Pied-billed Grebe
PIWO Pileated Woodpecker
PRAW Prairie Warbler
PROW Prothonotary Warbler
PUFI Purple Finch
PUMA Purple Martin
RBWO Red-bellied Woodpecker
RBME Red-breasted Merganser
REVI Red-eyed Vireo
RHWO Red-headed Woodpecker
RSHA Red-shouldered Hawk
RTHA Red-tailed Hawk
RWBL Red-winged Blackbird
REDH Redhead
RBGU Ring-billed Gull
RNDU Ring-necked Duck
RNPH Ring-necked Pheasant
ROPI Rock Pigeon
RBGR Rose-breasted Grosbeak
ROGO Ross’s Goose

Code Species Name
RCKI Ruby-crowned Kinglet
RTHU Ruby-throated Hummingbird
RUDU Ruddy Duck
RUBL Rusty Blackbird
SACR Sandhill Crane
SAVS Savannah Sparrow
SCTA Scarlet Tanager
SCTA Scissor-tailed Flycatcher
SEWR Sedge Wren
SEPL Semipalmated Plover
SESA Semipalmated Sandpiper
SSHA Sharp-shinned Hawk
SBDO Short-billed Dowitcher
SCJU Slate-colored Junco
SNGO Snow Goose
SNEG Snowy Egret
SOSA Solitary Sandpiper
SOSP Song Sparrow
SORA Sora
SPSA Spotted Sandpiper
STSA Stilt Sandpiper
SUTA Summer Tanager
SWTH Swainson’s Thrush
SWSP Swamp Sparrow
TEWA Tennessee Warbler
TRES Tree Swallow
TUTI Tufted Titmouse
TUVU Turkey Vulture
UPSA Upland Sandpiper
VEER Veery
VESP Vesper Sparrow
VIRA Virginia Rail
WAVI Warbling Vireo
WEME Western Meadowlark
WPWA Western Palm Warbler
WESA Western Sandpiper
WBNU White-breasted Nuthatch
WCSP White-crowned Sparrow
WEVI White-eyed Vireo
WRSA White-rumped Sandpiper
WTSP White-throated Sparrow
WITU Wild Turkey
WILL Willet
WIFL Willow Flycatcher

Code Species Name
WIPH Wilson’s Phalarope
WISN Wilson’s Snipe
WIWA Wilson’s Warbler
WODU Wood Duck
WOTH Wood Thrush
YERA Yellow Rail
YEWA Yellow Warbler
YBFL Yellow-bellied Flycatcher
YBSA Yellow-bellied Sapsucker
YBCU Yellow-billed Cuckoo
YBCH Yellow-breasted Chat

YCNH
Yellow-crowned Night-
Heron

YHBL Yellow-headed Blackbird
YRWA Yellow-rumped Warbler
YSFL Yellow-shafted Flicker
YTVI Yellow-throated Vireo
YTWA Yellow-throated Warbler
A full list of all North American species 
and their codes can be found at: https://
www.birdpop.org/docs/misc/Alpha_
codes_eng.pdf

Life Finds A Way by Hannah Smentkowski 
(Great Blue Heron)
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