
diversity

Article

Do Citizen Science Methods Identify Regions of High
Avian Biodiversity?

Christopher J. Butler 1,*, Chad King 1 and Dan L. Reinking 2

����������
�������

Citation: Butler, C.J.; King, C.;

Reinking, D.L. Do Citizen Science

Methods Identify Regions of High

Avian Biodiversity? Diversity 2021, 13,

656. https://doi.org/10.3390/

d13120656

Academic Editors: Huw Lloyd and

Michael Wink

Received: 27 October 2021

Accepted: 2 December 2021

Published: 10 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Biology, University of Central Oklahoma, Edmond, OK 73034, USA; CKing24@uco.edu
2 Sutton Avian Research Center, Bartlesville, OK 74005, USA; dan@suttoncenter.org
* Correspondence: cbutler11@uco.edu

Abstract: Citizen science may offer a way to improve our knowledge of the spatial distribution of
biodiversity and endemism, as the data collected by this method can be integrated into existing
data sources to provide a more robust understanding of broad scale patterns of species richness.
We explored whether data collected by citizen scientists agree on identifying regions of high avian
species richness in a well-studied state. We compiled and examined the number of bird species
detected in each of the 77 counties of Oklahoma based on published range maps, museum collections,
and by five citizen science methods: the USGS Breeding Bird Survey, the Oklahoma Breeding Bird
Atlas, eBird, the Oklahoma Winter Bird Atlas, and National Audubon Society Christmas Bird Counts.
We also quantified the number of species of conservation concern recorded by each method in each
county. A total of 460 species were reported across the state, with the total number of species detected
by each method ranging from 40% of this total (Winter Bird Atlas) to 94% of this total (eBird). In
general, species totals were poorly correlated across methods, with only six of 21 combinations (28.6%)
showing significant correlations. Total species numbers recorded in each county were correlated with
human population density and county area, but not with mean annual temperature or precipitation.
The total number of species of conservation concern was correlated with the total number of species
detected, county area, and precipitation. Most of the citizen science methods examined in this study
were not explicitly designed to identify regions of high biodiversity and so efforts to use these
methods for this purpose should be employed only cautiously and with a thorough understanding
of potential biases.

Keywords: avian; biodiversity; citizen science; conservation; Oklahoma; species richness

1. Introduction

Citizen science has taken on an increasing role in data collection and species identifi-
cation at a local scale. When networked, citizen science contributions facilitate a deeper
understanding of broad scale biodiversity patterns [1,2]. In the ecological sciences, data
collected by citizen scientists that pertains to species identification and location has the
potential to provide a more thorough understanding of spatial and temporal patterns
in species’ distributions [3] and potential shifts in migration pathways due to climate
change [4]. Citizen science programs often have dual goals; engaging the public to collect
data as well as helping participants become better educated about the scientific process and
the organisms they are studying [5]. While large data sets have the potential of expanding
the scientific understanding of the spatial and temporal scale of species’ distributions, au-
thors have noted that the utility of citizen science projects may be limited by heterogeneity
of effort, skill and spatial extent [6–8].

One of the strengths of citizen science is the documentation of biodiversity across a
range of spatiotemporal scales. For example, citizen scientists have taken a leading role in
recording bird diversity during the breeding season through Breeding Bird Surveys, during
early winter through Christmas Bird Counts, and year-round through eBird [2,9,10]. Data
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collected by citizen scientists can also be useful in examining the status and distribution of
species of conservation concern [11–13].

However, while citizen science projects can yield a wealth of valuable information
that can be useful for education, research, and management [1,2,14], the design and imple-
mentation of these projects can be challenging (e.g., [15]). While there are several different
citizen science methods that document bird species diversity, there are variabilities in
sampling effort and methodologies that can limit the interpretation of the data [16]. For ex-
ample, observers’ skill levels may change through time, influencing the number of species
recorded [9]. Additionally, different methodologies may not report the same number of
species and species of conservation concern in the same area [17].

The goal of this project was to examine whether museum collections and published
range maps identify the same regions of high avian biodiversity as citizen science projects
in Oklahoma. Avian diversity is generally greater in areas with mild, moist climates [18] as
these regions typically have the greatest habitat heterogeneity [19]. Consequently, we hy-
pothesized that all methods should identify eastern and southern Oklahoma as the region
with the greatest avian biodiversity. We also predicted that the methods should show a
strong correlation in the number of species of conservation concern detected. We hypothe-
sized that there should be variability in the absolute number of species detected by each
method, depending upon the season(s) that data are collected. Finally, we hypothesized
that each method should record similar avian communities in each location.

2. Materials and Methods

The state of Oklahoma (USA) covers 177,660 km2 and ranges in elevation from 88 to
1516 m above sea level [20,21] Figure 1. Oklahoma consists of 12 Level III Ecoregions,
including High Plains, Southwestern Tablelands, Central Great Plains, Flint Hills, Cross
Timbers, East Central Texas Plains, South Central Plains, Ouachita Mountains, Arkansas
Valley, Boston Mountains, Ozark Highlands, and the Central Irregular Plains [22,23].
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Figure 1. The state of Oklahoma (shown in blue) is located in southern Great Plains of the United
States of America, and contains 77 counties.

We used the VertNet portal to download all global museum records of birds from Ok-
lahoma. VertNet is a free, publicly accessible database (http://www.vertnet.org/ accessed
on 2 March 2015) that contains specimen information from museum collections for birds,
mammals, reptiles, amphibians, and fish [24]. This project provides global specimen data
for over 17,000,000 records from 203 data resources incorporating 270 collections [25,26].

The Sutton Center Oklahoma Breeding Bird Atlas (OBBA) was conducted from
1997–2001 [27]. A stratified random sampling approach was used to select 583 blocks,
each covering approximately 25 km2, from U.S. Geological Survey 7.5-min quadrangle

http://www.vertnet.org/
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maps [27]. With the restriction that blocks could not share a border, one survey block
was randomly selected within the area covered by every two adjacent USGS 7.5-min to-
pographic maps for Oklahoma, resulting in relatively uniform statewide coverage. A
minimum of ten hours of survey time was suggested for each block, and observers were
instructed to visit as many habitat types as possible within each block. Bird observations
were accomplished largely through roadside travel, supplemented with opportunistic
driving or walking visits onto private lands when permission could be obtained. More than
100 volunteers participated in this project and recorded birds in each block as “Observed”
(but not believed to breed), “Possible” breeders, “Probable” breeders, and “Confirmed”
breeders [27].

The Breeding Bird Survey (BBS) is a joint collaboration between the United States
Geological Survey, the Canada Wildlife Service, and the Mexican National Commission
for the Knowledge and Use of Biodiversity [10]. Volunteers engage in roadside surveys of
birds late May through early July [10]. Each route contains 50 stops spaced 800 m apart [10].
Surveys begin 30 min before sunrise and observers record all birds seen or heard within a
400 m radius seen and heard during a three-minute count [10]. The information gathered
from the BBS has been used to calculate population trends for more than 400 species across
North America [10]. There are 71 routes in Oklahoma, ranging from 0–5 routes per county.

In 2002, the Cornell Laboratory of Ornithology and the National Audubon Society cre-
ated eBird with the goal of better understanding avian distribution in space and time [3,28].
A web interface (available in English, Spanish, and French) allows users to enter the num-
ber of birds observed at a given location, during either effort-based counting (e.g., traveling
counts, stationary counts, and area counts) or through incidental observation [28]. We used
the eBird portal to download all records of birds recorded in Oklahoma through 2014.

The Oklahoma Winter Bird Atlas (OWBA) involved surveying the same 583 blocks
of land surveyed in the OBBA [29]. Bird surveys were conducted over five winters from
2003 to 2008, with each block surveyed during one of the five winters of the project period.
Surveys took place between 1 December and 14 February each winter, and at least two visits
to each block were required. The first visit was conducted on or before 7 January, while the
second visit occurred after this date and at least two weeks after the first visit. A minimum
of eight hours of survey time was required for each block, at least four hours in the early
winter period and four in the late winter period, and observers were instructed to visit as
many habitat types as possible within each block during each period. Bird observations
were accomplished largely through roadside travel, supplemented with opportunistic
driving or walking visits onto private lands when permission could be obtained. All
species seen or heard were recorded, including abundance categorizations for the numbers
of individuals observed: 1–9 birds, 10–99 birds, 100–999 birds, 1000–9999 birds, or more
than 10,000 birds. Accomplishing the statewide scope and scale of the OWBA project relied
on the participation of over 60 skilled volunteer birders in addition to project staff.

The National Audubon Society Christmas Bird Counts (CBC) have been performed
in the US annually since 1900 [1]. Initially, only 25 locations were counted [27], but the
number of counts has increased to 2434 counts completed in 2020 [30]. Each Christmas
Bird Count is held on a single day between 14 December and 5 January [16]. All birds seen
or heard in a count circle with a diameter of 24.1 km (15 miles) during the 24-h period are
recorded [16]. The National Audubon Society maintains a database of all counts [30]. We
downloaded Christmas Bird Count data for Oklahoma through the 115th count (2014–15).
The number of Oklahoma counts has varied over the years, but is currently about 20 counts
per year.

BirdLife International and NatureServe have jointly published maps of all the bird
species in the world [31]. These maps were created by digitizing existing range maps [31].
We downloaded these maps and tallied the number of species breeding in each county.

In order to examine how well each method recorded rare species in each county,
we also examined whether birds of conservation concern were noted, using the birds of
conservation concern from U.S. Fish and Wildlife Service Region 2 (Table 1; [32]).
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Table 1. Bird species of conservation concern in US Fish and Wildlife Region 2, which includes
Arizona, Oklahoma, New Mexico, and Texas. Only species that have been officially recorded in
Oklahoma based on Oklahoma Bird Records Committee [33] are shown, and taxonomy follows the
American Ornithological Society [34].

Species Species

Lesser Prairie-Chicken (Tympanuchus
pallidicinctus) Gray Vireo (Vireo vicinior)

Yellow Rail (Coturnicops noveboracensis) Loggerhead Shrike (Lanius ludovicianus)
Black Rail (Laterallus jamaicensis) Pinyon Jay (Gymnorhinus cyanocephalus)
Wilson’s Plover (Charadrius wilsonia) Brown-headed Nuthatch (Sitta pusilla)
Mountain Plover (Charadrius montanus) Sedge Wren (Cistothorus stellaris)
Snowy Plover (Charadrius nivosus) Wood Thrush (Hylocichla mustelina)
Upland Sandpiper (Bartramia longicauda) Sprague’s Pipit (Anthus spragueii)
Whimbrel (Numenius phaeopus) Chestnut-collared Longspur (Calcarius ornatus)
Long-billed Curlew (Numenius americanus) Smith’s Longspur (Calcarius pictus)

Hudsonian Godwit (Limosa haemastica) Thick-billed Longspur (Rhynchophanes
mccownii)

Red Knot (Calidris canutus) Bachman’s Sparrow (Peucaea aestivalis)
Buff-breasted Sandpiper (Calidris subruficollis) Lark Bunting (Calamospiza melanocorys)
Short-billed Dowitcher (Limnodromus griseus) Harris’s Sparrow (Zonotrichia querula)
Solitary Sandpiper (Tringa solitaria) LeConte’s Sparrow (Ammospiza leconteii)
Lesser Yellowlegs (Tringa flavipes) Nelson’s Sparrow (Ammospiza nelsoni)
Black Skimmer (Rynchops niger) Baird’s Sparrow (Centronyx bairdii)
Reddish Egret (Egretta rufescens) Henslow’s Sparrow (Centronyx henslowii)
Swallow-tailed Kite (Elanoides forficatus) Rusty Blackbird (Euphagus carolinus)
Golden Eagle (Aquila chrysaetos) Worm-eating Warbler (Helmitheros vermivorum)
Bald Eagle (Haliaeetus leucocephalus) Prothonotary Warbler (Protonotaria citrea)
Burrowing Owl (Athene cunicularia) Swainson’s Warbler (Limnothlypis swainsonii)
Lewis’s Woodpecker (Melanerpes lewis) Kentucky Warbler (Geothlypis formosa)
Red-headed Woodpecker
(Melanerpes erythrocephalus)

Cerulean Warbler (Setophaga cerulea)
Prairie Warbler (Setophaga discolor)

Peregrine Falcon (Falco peregrinus) Grace’s Warbler (Setophaga graciae)
Bell’s Vireo (Vireo bellii) Painted Bunting (Passerina ciris)

We compared all data sources against the official state bird list [33] and removed
species not on the official list from the analysis. We likewise removed hybrid individuals.
The names of several species of birds changed during the 20th and 21st centuries as
taxonomy was updated [35], and so old synonyms were replaced with current names. In
addition, individuals that were only identified to genus were removed.

We created maps of species totals by method using ARCGIS 10.4. We calculated
correlations among methods using the Spearman rank correlation as the data were non-
normally distributed. We calculated Bray–Curtis dissimilarities [36] and employed Mantel
tests on the dissimilarities to determine whether richness varies based on temperature
or precipitation. We used detrended correspondence analysis (DCA) on presence data to
visualize the overlap in species communities sampled by each method and created 95%
confidence intervals for each method. We used multi-response permutation probabilities
(MRPP) to evaluate whether sampled communities differ significantly [37]. Statistical
analyses were performed using R 3.3.2.

3. Results

A total of 459 bird species were detected by all seven methods combined. OBBA
detected 210 species (46% of the total), BBS detected 196 species (43% of the total), CBC
detected 307 species (67% of the total), the OWBA included 183 species (40% of the total),
eBird included 432 species (94% of the total), museums included 400 species (87% of the
total), and NatureServe included 197 species (43% of the total).

Table 2 summarizes the number of species recorded in each county. The five counties
with the largest number of species recorded include Cleveland County (335 species),
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Oklahoma County (330 species), Cimarron County (328 species), McCurtain County
(327 species), and Tulsa County (327 species). There was considerable variation by method
in which counties record the greatest number of species. Figure 2 shows the spatial ar-
rangement of the counties with the largest numbers of recorded species for the OBBA, BBS,
CBC and OWBA. Figure 3 shows the spatial arrangement of the counties with the largest
number of recorded species for museums, eBird, NatureServe and total. Osage County, the
largest county in Oklahoma, was the only county that was in the highest quantile by each
method (Figure 3).

Table 2. Total number of species recorded by each method for the 77 counties in Oklahoma.

County OBBA BBS eBird OWBA NatureServe CBC Museum Total Sp.

Adair 92 126 62 153 27 211
Alfalfa 96 98 266 93 139 170 76 300
Atoka 109 78 186 107 151 109 24 237
Beaver 112 83 202 89 131 57 245

Beckham 83 95 166 86 143 15 222
Blaine 112 96 206 99 141 87 57 268
Bryan 105 206 89 152 25 248
Caddo 95 107 183 88 145 58 238

Canadian 86 268 83 149 111 297
Carter 91 101 213 77 150 14 256

Cherokee 101 112 223 86 155 15 254
Choctaw 81 75 150 95 151 47 226
Cimarron 120 81 279 71 133 159 206 328
Cleveland 91 95 287 77 150 179 274 335

Coal 62 103 92 72 146 21 200
Comanche 107 96 284 103 152 165 62 312

Cotton 92 97 168 71 148 7 228
Craig 92 101 114 74 149 44 208
Creek 103 93 182 75 148 3 233
Custer 98 82 230 87 142 170 54 278

Delaware 106 98 194 84 153 141 44 257
Dewey 78 180 75 143 39 230

Ellis 89 170 81 142 128 70 239
Garfield 91 93 213 93 144 4 255
Garvin 105 135 92 151 15 224
Grady 89 190 89 149 35 242
Grant 85 79 126 72 144 13 216
Greer 71 83 179 76 147 61 238

Harmon 92 79 145 78 147 49 218
Harper 99 77 194 87 136 52 246
Haskell 112 116 78 153 49 211
Hughes 101 101 160 89 151 23 225
Jackson 96 201 98 152 100 54 255

Jefferson 83 169 97 152 16 239
Johnston 95 99 267 82 143 176 93 294

Kay 107 196 106 147 77 251
Kingfisher 103 77 130 86 146 13 221

Kiowa 103 77 210 101 148 44 261
Latimer 93 120 64 150 41 209
LeFlore 120 121 198 105 155 68 247
Lincoln 97 141 75 148 10 212
Logan 99 191 85 145 75 21 240
Love 89 171 62 152 21 226
Major 104 98 150 84 138 18 224

Marshall 97 176 88 147 167 256
Mayes 89 175 87 149 76 232

McClain 72 211 69 150 125 254
McCurtain 114 113 316 105 155 149 110 327
McIntosh 105 158 80 150 51 27 226
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Table 2. Cont.

County OBBA BBS eBird OWBA NatureServe CBC Museum Total Sp.

Murray 92 193 84 144 28 129 256
Muskogee 104 92 196 78 154 51 251

Noble 76 210 51 147 160 22 260
Nowata 83 162 83 146 45 230

Okfuskee 105 139 87 149 10 211
Oklahoma 111 98 286 102 150 205 189 330
Okmulgee 106 99 178 96 152 50 233

Osage 119 107 268 115 154 175 80 301
Ottawa 98 103 162 77 152 34 226
Pawnee 88 215 60 151 50 251
Payne 97 268 67 144 168 37 295

Pittsburg 97 119 194 97 153 36 246
Pontotoc 86 166 61 149 21 227

Pottawatomie 98 177 93 150 62 234
Pushmataha 108 89 154 92 151 41 215
Roger Mills 94 95 184 90 143 31 242

Rogers 99 88 222 91 147 149 46 276
Seminole 96 146 75 146 42 215
Sequoyah 102 245 86 157 162 33 278
Stephens 100 97 169 105 147 157 12 253

Texas 101 88 220 75 136 89 265
Tillman 94 223 95 152 58 271

Tulsa 89 99 299 80 149 183 111 327
Wagoner 89 232 73 152 156 88 284

Washington 86 242 85 145 80 264
Washita 72 172 87 145 9 224
Woods 110 89 155 83 136 46 230

Woodward 100 92 227 87 140 66 35 265
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Figure 3. Species richness of species identified or collected grouped by quantiles for eBird, museum collections, composite
maps created jointly by BirdLife International and NatureServe, and cumulative totals.

Table 3 shows the correlations in the number of species observed per county between
the seven different methods examined. Out of 21 possible combinations, only six (29%)
were significant. Of the three methods that focused solely on breeding birds (OBBA, BBS,
and NatureServe), only BBS and NatureServe showed a significant correlation (Spearman’s
r = 0.47, p = 0.001). However, OBBA did show a significant correlation with WBA (Spear-
man’s r = 0.48, p = 0.001). The two methods that focused on wintering birds, CBC and
OWBA, did not show a significant correlation (Spearman’s r = −0.05, p = 0.799). The two
methods that recorded species year-round, eBird and museums, did exhibit a significant
correlation (Spearman’s r = 0.54, p < 0.001). Museums also exhibited a significant correla-
tion with CBC (Spearman’s r = 0.44, p = 0.029), while eBird showed a significant correlation
with WBA (Spearman’s r = 0.23, p = 0.047) and CBC (Spearman’s r = 0.74, p < 0.001).

Species totals for each method were associated with county area (Mantel r = 0.193,
p = 0.009) and human density (Mantel r = 0.239, p = 0.008) but not with mean annual
temperature (Mantel r = 0.024, p = 0.307) or mean annual precipitation (Mantel r = 0.081,
p = 0.056). The DCA revealed that avian communities present in each county according to
NatureServe were significantly different from the avian communities by other methods
(MRPP delta = 9.2, p = 0.001; Figure 4). Although communities sampled by OWBA and
CBC were more similar to each other than to any other method (Figure 4), the sampled
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communities were significantly different (MRPP delta = 6.941, p = 0.001). In contrast, eBird
and museums sampled similar communities, as did OBBA and BBS surveys (p > 0.05).

Table 3. Spearman rank correlation matrix for each method. Correlation coefficients (r) are shown
and significant correlations (p < 0.05) are in bold with an asterisk (*).

OBBA BBS NatureServe OWBA CBC eBird Museum

OBBA 1 0.05 0.16 0.47 * −0.1 0.15 0.11
BBS 1 0.48 * 0.13 0.39 0.17 0.07

NatureServe 1 0.17 0.09 0.03 −0.02
WBA 1 −0.05 0.23 * 0.14
CBC 1 0.74 * 0.44 *
eBird 1 0.54 *

Museum 1
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Table 4 shows the number of species of conservation concern recorded by each method
in each county. The five counties with the largest number of species recorded include Cleve-
land County (38 species), McCurtain County (37 species), Alfalfa County (32 species), Tulsa
County (31 species), and Oklahoma County (30 species). Table 5 shows the correlations
between the seven different methods examined. Only 16 of 49 possible combinations (33%)
showed significant correlations. The number of species of conservation concern detected
by each method was significantly correlated with the total number of species detected
by each method (r ranged from 0.48 to 0.92) with the exception of museum collections
(r = 0.15, p = 0.19). The total number of species of conservation concern for each method
was associated with county area (Mantel r = 0.238, p = 0.001) and mean annual precipitation
(Mantel r = 0.138, p = 0.005) but not with human density (Mantel r = 0.138, p = 0.058) or
mean annual temperature (Mantel r = 0.051, p = 0.153).
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Table 4. Total number of species of conservation concern recorded by each method for the 77 counties in Oklahoma.

County OBBA BBS eBird WBA NatureServe CBC Museum Total Sp.

Adair 8 12 4 12 4 24
Alfalfa 5 5 28 7 10 13 6 32
Atoka 8 6 16 9 11 8 24
Beaver 9 7 23 7 9 9 26

Beckham 6 4 10 4 10 6 16
Blaine 7 4 15 7 11 3 7 24
Bryan 7 15 5 11 7 23
Caddo 5 7 10 3 11 5 20

Canadian 5 23 5 11 5 29
Carter 6 6 13 4 12 6 23

Cherokee 9 10 19 5 12 9 23
Choctaw 3 6 11 4 11 3 21
Cimarron 10 8 22 8 9 10 10 27
Cleveland 6 8 29 5 12 15 6 38

Coal 3 8 5 6 11 3 21
Comanche 5 5 25 5 10 13 5 29

Cotton 5 7 11 6 10 5 22
Craig 7 8 8 8 10 7 19
Creek 7 7 11 4 10 7 20
Custer 5 5 17 5 10 15 5 25

Delaware 8 7 13 5 12 8 8 24
Dewey 4 13 3 10 4 20

Ellis 6 13 4 10 12 6 23
Garfield 5 7 22 5 12 5 27
Garvin 7 8 4 12 7 20
Grady 4 13 4 11 4 20
Grant 5 4 10 5 12 5 20
Greer 4 5 11 2 11 4 19

Harmon 7 5 8 5 10 7 17
Harper 8 7 15 4 10 8 20
Haskell 8 6 7 12 8 20
Hughes 7 7 8 5 11 7 20
Jackson 3 15 5 11 4 3 20

Jefferson 3 12 7 11 3 21
Johnston 7 6 24 6 10 14 7 28

Kay 8 13 8 11 8 22
Kingfisher 5 5 8 3 11 5 18

Kiowa 4 4 19 5 10 4 25
Latimer 5 9 2 12 5 22
LeFlore 10 13 17 6 13 10 25
Lincoln 5 7 2 11 5 19
Logan 6 10 4 12 6 6 22
Love 5 11 2 12 5 20
Major 5 5 6 3 10 5 18

Marshall 6 10 6 10 6 21
Mayes 6 13 6 10 6 22

McClain 4 18 3 12 4 26
McCurtain 9 12 37 8 13 10 9 37
McIntosh 8 9 4 11 4 8 21
Murray 3 11 4 11 1 3 23

Muskogee 7 5 13 4 12 7 21
Noble 5 17 3 11 14 5 24

Nowata 5 13 5 10 5 21
Okfuskee 8 7 4 11 8 19
Oklahoma 6 6 24 5 13 16 6 30
Okmulgee 7 7 12 7 11 7 20

Osage 9 9 26 9 11 14 9 27
Ottawa 7 10 12 5 11 7 23
Pawnee 4 17 4 11 4 23
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Table 4. Cont.

County OBBA BBS eBird WBA NatureServe CBC Museum Total Sp.

Payne 6 24 2 11 12 6 27
Pittsburg 9 11 15 6 11 9 26
Pontotoc 5 10 3 10 5 19

Pottawatomie 5 9 3 11 5 22
Pushmataha 9 7 8 5 12 9 22
Roger Mills 5 5 15 4 10 5 21

Rogers 9 6 20 6 10 12 9 26
Seminole 6 9 4 10 6 18
Sequoyah 8 18 6 12 10 8 25
Stephens 4 5 8 6 11 12 4 22

Texas 6 7 17 5 9 6 22
Tillman 4 20 6 10 4 26

Tulsa 5 8 28 6 10 13 5 31
Wagoner 6 16 4 11 10 6 23

Washington 8 20 6 10 8 23
Washita 4 12 6 10 4 20
Woods 6 6 11 2 9 6 19

Woodward 5 7 16 4 10 6 5 24

Table 5. Spearman rank correlation matrix for the number of birds of conservation concern detected (column names) and
the total detected by each method (shown by row names and denoted with the suffix ‘_c’). Correlation coefficients (r) are
shown and significant correlations (p < 0.05) are in bold with an asterisk (*).

OBBA_c BBS_c NatureServe_c WBA_c CBC_c eBird_c Museum_c

OBBA 0.64 * 0.15 0.11 0.31 * −0.19 0.08 0.65 *
BBS 0.23 0.56 * 0.37 * 0.30 * 0.25 0.09 0.27

NatureServe 0.22 0.40 * 0.63 * 0.16 0.01 0.03 0.15
WBA 0.14 −0.06 0.06 0.48 * −0.03 0.22 0.18
CBC 0.01 0.17 −0.08 0.25 0.91 * 0.76 * 0.05
eBird 0.11 0.21 −0.03 0.27 * 0.57 * 0.92 * 0.17

Museum 0.11 0.19 −0.13 0.27 * 0.31 0.52 * 0.15

4. Discussion

Each method has potential strengths and weaknesses and some of the observed
differences in species totals are due to obvious reasons. For example, OBBA, OWBA, BBS,
and CBC are all limited to a single season in a temperate environment and therefore should
not be expected to provide the largest percentage of the total species for a region. The
results of this study show that number of species recorded by county varied depending
upon the method used as well as the time of year. Unsurprisingly, the OWBA detected
the lowest avian species richness as the Atlas was conducted when many species have left
Oklahoma to overwinter further south, although this may be partially offset by Nearctic
migrants arriving for the winter. In contrast, eBird, which samples birds year-round,
recorded the greatest species richness, which is not surprising given that there is greater
temporal and spatial coverage by birders using eBird.

Other differences are less obvious. For example, the OWBA used stratified random
sampling including only 12% of the land area of Oklahoma, meaning that few large
reservoirs were sampled. The large numbers of wintering waterfowl, grebes, loons, gulls
and other aquatic species are therefore potentially underrepresented compared to CBCs,
which are frequently non-randomly situated on the landscape to include water bodies. In
addition, CBCs, museum collections, and BBS surveys have been conducted for decades,
leading to larger species tallies, while targeted efforts such as OBBA and OWBA were
conducted over a much shorter time period. An interesting exception to this is eBird, which
although only created in 2002, allows users to retroactively add checklists.
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Avian diversity is typically highest in regions with mild, moist, stable climates [18].
Consequently, we expected the greatest number of species to be found in southeastern
Oklahoma, the region of warmest temperature and highest rainfall. However, the number
of species recorded was not affected by these two variables but instead was significantly
correlated with county size and human population density. This suggests that these
methods record more species in large counties with relatively high population density, as
these locations presumably have larger numbers of birders and ornithologists. Gillings [38]
suggests that increasing time and area surveyed will increase the number of species
recorded and it is likely that counties with more people will have higher sampling effort.

Only six of 21 possible combinations (29%) of methods showed significant correlations
in species richness, suggesting that counties identified as having high species richness by
one method were not necessarily identified as having high species richness by another
method. There was considerable overlap in sampling between communities for both eBird
and museum collections suggesting that both methods sample the same species from these
communities. There was also some overlap between communities sampled by BBS routes
and communities sampled during the OBBA. However, the communities derived from
NatureServe breeding range maps were different than communities sampled by these two
citizen science approaches, perhaps because the NatureServe communities included some
species that were rarely recorded, or were present only on private lands that were not
sampled under other methods.

The number of species of conservation concern recorded by each method were gener-
ally correlated with the species richness recorded by the same method, with the notable
exception of museum collections. It is possible that museum collections may have exerted
a disproportionate effort to include rare species in their collections. However, the number
of species of conservation concern recorded by each method was only correlated with
species richness of other methods for 33% of cases. Again, this suggests that there is
not good agreement on the number of species of conservation concern by county among
methods. The number of species of conservation concern was correlated with county area
and mean annual precipitation, with larger counties with more precipitation hosting more
rare bird species.

Devictor et al. [11] suggest that citizen science programs can play a valuable role in
gathering data on species distributions and relative abundances across large spatiotemporal
scales and others suggest that data gathered by citizen scientists may be particularly useful
in managing residential ecosystems [39] and this study agrees with these assessments.
However, our results suggest that the ability of citizen science to depict the number of
species in a given region is scale-dependent. Larger areas are typically expected to host
more species [40] and both species richness and the total number of species of conservation
concern were correlated with county area. In this study, Osage County, which has the
largest area of any county in Oklahoma, was the only county to be in the top quantile by all
methods. However, the total species richness was also correlated with human population
density, with counties that have larger numbers of people recording more species. This
could potentially be due to differences in the total numbers of observers or the presence
of larger numbers of skilled observers in areas with higher population density, and may
be affected by heterogeneous species detections. Species detections are heterogeneous for
several reasons. For example, the detection of a species during a survey is affected not
only by whether the species is present, but also the relative abundance and whether the
observer is skilled enough to detect it [1]. In addition, cryptic and rare species may not be
detected, along with species that occur on non-surveyed, private lands [41].

Because species richness did not usually correlate among methods, efforts to identify
counties with high biodiversity should combine as many datasets as possible. Lepczyk [41]
stressed the importance of combining datasets when quantifying species richness, and also
noted that individual landowners can aid in compiling comprehensive species lists for
private lands. However, combined datasets may not necessarily provide a comprehensive
overview of the spatial distribution of biodiversity due to potential biases of area size and
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human population density. The use of rarefaction curves may potentially overcome some
of these issues, although the performance of rarefaction curves for datasets that have not
yet begun approaching asymptotes will only provide lower bounds of estimate species
richness [42].

These results also highlight some of the challenges inherent in examining patterns of
species diversity at intermediate scales. At the statewide scale, there is an official list of
bird species recorded in the state of Oklahoma maintained by the Oklahoma Ornithological
Society [33]. There are also official checklists maintained by various agencies of public and
some private lands. For example, there is a checklist by the US Department of Agriculture
for Red Slough Wildlife Management Area in McCurtain County [43]. This checklist
contains 321 species, which represents 98% of the species documented in this county and
highlights the remarkable biodiversity of this location. However, official county-level lists
of bird species do not appear to be maintained by any agency at this time.

It may be worth considering incorporating data collected by citizen science as inputs
into ecological niche modeling (ENM) techniques such as Maxent [44] or occupancy mod-
els [45] to help overcome limitations of variable sampling effort and sampling intensity.
Existing range maps rely upon experts creating maps based on the literature, their own
experiences, citizen science data, museum collections and observed relationships with
habitat [46]. If small counties far from urban areas are not adequately sampled under
existing methodologies, the resulting range maps could conceivably show these counties
as misleadingly depauperate. In addition, species ranges are not static, and range maps
can potentially also overestimate species richness due to species range contractions.

This is important because synthesis maps that overlay multiple range maps can be
particularly valuable for identifying conservation priorities. For example, Jenkins et al. [47]
used global maps of species richness to identify geographical regions with large numbers of
threatened birds, mammals, and amphibians as well as large numbers of species with small
ranges. Synthesis maps of terrestrial vertebrates, freshwater fish, and tree species have
also been used to examine patterns of endemism in the US and these maps demonstrate
that, while the greatest area of protected lands was in the western US, endemism was
particularly high in the southeastern US [47].

5. Conclusions

In conclusion, we suggest that citizen science projects play a valuable role in quantify-
ing biodiversity, but that these projects possess inherent limitations and biases. In order
to identify regions of high biodiversity, incorporating citizen science data is a logical first
step, but further steps such as occupancy modeling or ecological niche modeling may be
required to quantify species richness. For example, broad-scale citizen science studies are
frequently combined with fine-scale, more targeted studies [3–5]. Pimm et al. [48] suggest
that data collected by citizen scientists may be particularly useful in validating predictions
of changes in species’ distributions. We also note that there may be a trade-off involved
with obtaining good estimates of relative abundance and tracking population trends as
opposed to simply identifying regions of high biodiversity. We recommend specific moni-
toring for single species (or species of concern) in areas of low human population density
in order to increase the efficacy of richness estimates. Finally, we also recommend that
further research be carried out with regard to how best to minimize the limitations and
biases of incorporating citizen science data into range maps and synthesis maps.
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