National Park Service
U.S. Department of the Interior

Natural Resource Stewardship and Science

A 23-Year Summary of a Monitoring Avian
Productivity and Survivorship (MAPS) Bird Banding
Site in New River Gorge National River, West
Virginia
Natural Resource Report NPS/NERI/NRR—2021/2288

ON THE COVER
Photograph of nine birds of varying species captured at the Sandstone Falls MAPS Station in New River Gorge National River.
Photographs courtesy of Lenza Paul, Mark Graham, and Jodi French-Burr.

A 23-Year Summary of a Monitoring Avian
Productivity and Survivorship (MAPS) Bird Banding
Site in New River Gorge National River, West
Virginia
Natural Resource Report NPS/NERI/NRR—2021/2288
Eric L. Margenau1, Lenza E. Paul2
1

West Virginia University
School of Natural Resources
1145 Evansdale Drive
P.O. Box 6125
Morgantown, WV 26501

2

National Park Service
New River Gorge National River
Gauley River National Recreation Area
Bluestone National Scenic River
104 Main Street
Glen Jean, WV 25846

August 2021
U.S. Department of the Interior
National Park Service
Natural Resource Stewardship and Science
Fort Collins, Colorado

The National Park Service, Natural Resource Stewardship and Science office in Fort Collins,
Colorado, publishes a range of reports that address natural resource topics. These reports are of
interest and applicability to a broad audience in the National Park Service and others in natural
resource management, including scientists, conservation and environmental constituencies, and the
public.
The Natural Resource Report Series is used to disseminate comprehensive information and analysis
about natural resources and related topics concerning lands managed by the National Park Service.
The series supports the advancement of science, informed decision-making, and the achievement of
the National Park Service mission. The series also provides a forum for presenting more lengthy
results that may not be accepted by publications with page limitations.
All manuscripts in the series receive the appropriate level of peer review to ensure that the
information is scientifically credible, technically accurate, appropriately written for the intended
audience, and designed and published in a professional manner.
This report received informal peer review by subject-matter experts who were not directly involved
in the collection, analysis, or reporting of the data.
Views, statements, findings, conclusions, recommendations, and data in this report do not necessarily
reflect views and policies of the National Park Service, U.S. Department of the Interior. Mention of
trade names or commercial products does not constitute endorsement or recommendation for use by
the U.S. Government.
This report is available in digital format the Natural Resource Publications Management website. If
you have difficulty accessing information in this publication, particularly if using assistive
technology, please email irma@nps.gov.
Please cite this publication as:

Margenau, E. L., and L. E. Paul. 2021. A 23-year summary of a Monitoring Avian Productivity
and Survivorship (MAPS) bird banding site in New River Gorge National River, West Virginia.
Natural Resource Report NPS/NERI/NRR—2021/2288. National Park Service, Fort Collins,
Colorado. https://doi.org/10.36967/nrr-2287051.

NPS 637/176969, August 2021
ii

Contents
Page
Figures................................................................................................................................................... iv
Tables .................................................................................................................................................... iv
Abstract .................................................................................................................................................. v
Acknowledgments................................................................................................................................. vi
Introduction ............................................................................................................................................ 1
Study Area ............................................................................................................................................. 2
Objectives .............................................................................................................................................. 6
Methods.................................................................................................................................................. 7
Banding .......................................................................................................................................... 7
Analyses ......................................................................................................................................... 7
Results .................................................................................................................................................... 9
Discussion ............................................................................................................................................ 18
Summary .............................................................................................................................................. 20
Literature Cited .................................................................................................................................... 21
Appendix A. List of species captured and the number of total captures during the study
period 1996–2019. ............................................................................................................................... 24

iii

Figures
Page
Figure 1. Location map of New River Gorge National River with Sandstone Falls MAPS
station in West Virginia, USA. .............................................................................................................. 3
Figure 2. New River Gorge National River MAPS Station showing new locations and
major habitat types. ................................................................................................................................ 4
Figure 3. Aerial imagery showing current net locations and the NERI MAPS Station
progression from agriculture field, to early-successional stage, to mid-successional stage. ................. 4
Figure 4. Station summary of total captures and species ...................................................................... 9
Figure 5. Adult population trends for species of interest and all species pooled at the
NERI MAPS station, 1996–2019. ........................................................................................................ 14
Figure 6. Trends in reproductive index for species of interest and all species pooled at the
NERI MAPS station, 1996–2019. ........................................................................................................ 15
Figure 7. Station summary of species richness broken down by habitat guild across all
habitat types (1996–2019).................................................................................................................... 17
Figure 8. Species richness of the three major habitat types represented at New River
Gorge National River Sandstone Falls Station 2010–2019. ................................................................ 17

Tables
Page
Table 1. Station capture summary (1996-2019). ................................................................................. 10
Table 2. Results table of linear regression analyses assessing change in variable of
interest over time.................................................................................................................................. 12
Table 3. Estimates of adult survival, recapture probability, and proportion of residents for
the five most abundant breeding species at NERI during 2015–2019. ................................................ 16

iv

Abstract
Long-term bird banding data were collected from 1996–2019 (except in 2008) to assess the New
River riparian zone avian community in one location in New River Gorge National River (NERI).
The NERI banding station has banded over 4,500 individuals over 10,700 net hours in the twentythree years it has been in operation and has captured 80 different species. Total captures, capture rate,
and total species have been declining annually over the study period. Species associated with earlysuccessional/shrubland habitat also declined over the study period, which is consistent with regional
trends during the same time frame. Species richness of habitat guilds did not change over the study
period within specific major habitat types. Capture metrics of Louisiana Waterthrush, an obligate
riparian species, did increase over the study period. Continued banding will further provide
information to assist in local management and contribute to regional data.
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Introduction
Monitoring birds is a popular way to infer changes to vegetation structure at the local (MacArthur
and MacArthur 1961, Kellner et al. 2018) and landscape scales (Robinson et al. 1995) because of
their mobility and ability to occupy a broad range of niche spaces. Areas that maintain a variety of
different habitats are better able to support a more diverse avifauna than habitats that have become
homogenized over time (MacArthur 1964). Dynamic habitats can help maintain avian diversity
because many avian species have evolved to tolerate natural disturbance regimes (Drapeau et al.
2016). Riparian forests in the eastern United States of America (USA) promote a diverse forest bird
community and also play a crucial role in protecting downstream communities by restoring
floodwater and reducing the risk and severity of flooding (Mahaffrey and Evans 2016). However,
due to human and climatic factors, riparian forests are becoming threatened. Invasive species spread
is a concern in many riparian forests in the southeastern USA (Rosen et al. 2006), as changes in the
hydrologic cycles inhibit the natural growth of native riparian communities creating competitive
advantages for plant species once unable to survive in these areas. These invasions and their effects
on the avian communities in riparian habitats are still being understood (Brown et al. 2011).
The Monitoring Avian Productivity and Survivorship (MAPS) program is designed to collect data so
that managers can understand and monitor bird population vital rates. These data also indicate where
migratory bird conservation actions should be directed, provide a measure of population viability and
habitat quality at the local and landscape scale, and identify what life stages are most vulnerable
within a population (DeSante and Nott 2000).
The Sandstone Falls (hereafter “NERI”) MAPS Station was established in 1996 and has been in
operation for twenty-three years, with only one year in which the surveys were not done (2008).
Avian censuses had been conducted at the site in the 1980’s and early 1990’s, and the site was found
to have high species diversity (R. Canterbury, unpublished data). The accessibility of the site, unique
landscape of the conterminous flatrock and successional vegetation communities, and the ongoing
site protection offered by the National Park Service (NPS) ownership were additional justifications
that led to this particular site selection. Further, NERI is located within the central Appalachian
region which comprises important migratory and breeding habitat for many Neotropical migrants,
including several species of conservation concern (AMJV 2018). Park staff had originally planned to
establish other MAPS stations in varying topographic and ecological locations throughout West
Virginia for site data comparison efforts, but was unsuccessful (R. A. Canterbury, personal
communication).

1

Study Area
The NERI MAPS Station is located along the western shore of the New River, approximately six
miles north of Hinton (Figure 1). The NERI MAPS Station is one of 1,306 stations ever to operate in
the MAPS program and only one of 52 to have operated for as long (i.e., only 4% of stations have
operated 23 or more years; D. Kaschube, personal communication). Additionally, it is the longest
running MAPS Station in West Virginia. The station is 7.5 hectares in size and is currently
characterized as riparian forest consisting primarily of ash-sycamore forest and eastern redcedar/Virginia pine habitat in the flatrock community (Figure 2). Minor amounts of locust-maple or
oak-tulip poplar-sugar maple habitat are present in the disturbed and undisturbed upland areas
respectively. Slopes range from flat to gentle, with some steep slopes on the northern portion of the
site. Historically, the land was primarily an agricultural field (Figure 3). In 1997, a habitat assessment
of the station reported primarily (~70 %) old field with small portions (~30 %) of riparian
woodlands. A more recent habitat assessment in 2012 reported the station was primarily in the midsuccessional stage, with minor amounts of early-successional habitat in the locust-maple plant
community. Quantitative comparisons of the ground (0–0.5 m above ground), mid (>0.5–5 m), and
overstory (>5 m) vegetation strata between 1997 and 2012 indicates an unchanging overstory layer
(40% in 1997, 38% in 2012), a slight increase in the midstory layer (60% in 1997, 68% in 2012), and
decrease in the ground layer (85% in 1997, 66% in 2012).
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Figure 1. Location map of New River Gorge National River with Sandstone Falls MAPS station in
West Virginia, USA.
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Figure 2. New River Gorge National River (NERI) MAPS Station showing new locations and major habitat
types.

Figure 3. Aerial imagery showing current net locations (yellow dots) and the NERI MAPS Station
progression from agriculture field (left photo; 1945), to early-successional stage (middle photo; 1988), to
mid-successional stage (right photo; 2018). No nets were present during the 1945 and 1988 photos.

Further mention is given here to the eastern red-cedar/Virginia pine flatrock community (also called
the Appalachian flatrock community) because of its regional and global rarity. The Appalachian
flatrock community is considered a rare plant community that hosts a number of primary
successional rare plant species (arrowfeather threeawn [Aristida purpurascens var. purpurascens],
4

pretty sedge [Carex woodii], whitemouth dayflower [Commelina erecta var. angustifolia], star
tickseed [Coreopsis pubescens var. robusta], downy milkpea [Galactia volubilis], coppery St.
Johnswort [Hypericum virgatum], twoflower melicgrass [Melica mutica], and blackseed speargrass
[Piptochaetium avenaceum]; Vanderhorst et al. 2007) that establish in scoured bedrock following
catastrophic flooding. The Appalachian flatrock community is above the normal floodplain levels
and thus not subjected to frequent inundation but rather is assumed to be the result of catastrophic
flooding events in the late 1800s (McDonald and Trianosky 1995). However, the natural flooding
regime has since changed at Sandstone Falls following construction of the Bluestone Dam in 1949.
Due to the alteration of hydric cycles at Sandstone Falls, exotic species (e.g., stringy stonecrop
[Sedum sarmentosum] and sericea lespedeza [Lespedeza cuneata]) are becoming established in the
trapped sediments and changing the successional dynamics of this community, thereby increasing the
risk of losing this globally rare plant community.
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Objectives
MAPS is organized around monitoring, research, and management objectives for nearly 150 landbird
species. At the NERI MAPS Station, the specific objectives include:
•

define annual indices of adult population size and post-fledging productivity

•

examine relationships between temporal patterns, spatial patterns, population trends, and
habitat selection characteristics of target species

•

determine the proximate demographic cause(s) of population change

•

suggest management actions and conservation strategies to reverse population declines and
maintain stable or increasing populations

•

evaluate the effectiveness of the management actions and conservation strategies
implemented through an adaptive management framework

•

assist the continent-wide MAPS program fill a data gap for southern WV with a long-term
data set

The overall objective of MAPS is to achieve the above-outlined goals by means of long-term
monitoring. These monitoring, research, and management goals are in agreement with the National
Park Service (NPS) Partners-in-Flight (PIF) strategy for the Appalachian Mountains region (Bird
Conservation Region 28), which includes reviving dynamic landscapes via historic disturbance
regimes to support avian species conservation (Rosenburg et al. 2016). Like stream
macroinvertebrates, birds are excellent indicators of the health of terrestrial wildlife habitats. They
can serve as a sensitive barometer of the overall effectiveness of efforts to maintain the biodiversity
and ecological integrity of national parks (Peach et al. 2018).
An ancillary goal of this report is to assess the bird community within a historically riparian forest
located in the New River floodplain. Changes in the hydric cycles at the NERI MAPS Station have
altered the disturbance regime and facilitated invasive plant species spread (e.g., multiflora rose
[Rosa multiflora], Japanese honeysuckle [Lonicera japonica]) onto the site. Invasive plant species
alter the hydrology of the soil, compete with native vegetation, and disrupt bird-plant relationships
(Gosper et al. 2005) which could negatively affect conservation priority bird species in riparian
habitats (e.g., Louisiana Waterthrush [Parkesia motacilla]). Understanding the impacts to bird
communities from the altered disturbance regime at the NERI MAPS Station will better equip park
managers to make informed, data-driven decisions for riparian forest conservation throughout the
park.
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Methods
Banding
One MAPS station was operated at NERI from 1996–2019 following DeSante et al. (1993).
Operation of the station consisted of monitoring 10 nylon mist-nets (12 m, 30 mm mesh) from 06001200 EST, weather permitting. Nets were checked every 20–30 minutes to reduce stress of captured
birds. Location and orientation of nets at the station remained constant for the duration of the study.
Survey dates were set in accordance with sampling periods defined in DeSante et al. (1993) that are
primarily dictated by the latitude of the specific station. Surveys occurred once every ten day period
during the breeding season, with the first period starting ca. 21 May and ending ca. 8 August each
year for a total of eight surveys per year. Surveys were always conducted at least six days apart from
one another, while staying within specific sampling period windows.
Analyses
We calculated summary statistics for the NERI MAPS Station during 1996–2019. We compiled adult
and juvenile captures of all species considered regular or usual breeders for summary analysis, and
further grouped species into habitat guilds (Appendix A) to assess the bird community over time at
the station. Individual species of interest for this publication included the five most abundant species
captured during the study: American Redstart (Setophaga ruticilla), Carolina Wren (Thryothorus
ludovicianus), Northern Cardinal (Cardinalis cardinalis), Song Sparrow (Melospiza melodia), and
Wood Thrush (Hylocichla mustelina), as well as four species of conservation concern in the
Appalachian Mountain region (PIF 2019): Eastern Towhee (Pipilo erythrophthalmus), Hooded
Warbler (Setophaga citrina), Louisiana Waterthrush, and Worm-eating Warbler (Helmitheros
vermivorum). Habitat guilds included shrubland, interior-edge, forest interior, and generalist.
Assessment of individual species population trends over time is a popular technique that allows
managers to focus on species of high conservation priority as well as species who act as indicators of
specific habitat types (i.e., obligates), or are good proxies for individual species or groups of species
(i.e., umbrella species). Further, use of individual species metrics (e.g., abundance, presence/absence)
may inform managers of subtle changes to environments that would otherwise go unnoticed in order
to prompt conservation measures. On the other hand, guild richness is a useful metric because species
of the same guild exploit the same environmental resources, often in related ways regardless of their
taxonomic relationship (Root 1967). This approach allows managers to concentrate on specific
groups with specific functions, which may reveal structures not attributable to individual species. We
excluded unbanded birds (birds that were accidently or intentionally released or died prior to
banding, as well as hummingbirds) from all analyses.
We used linear regression to assess whether response variables of interest changed over time, with
year as our predictor variable. We used total captures, captures/net hour, total species, adult
population index, and reproductive index (young/adult captures) as our response variables for
analyses of all species combined. Additionally, for adult population index and reproductive index we
included analyses of individual species, where we delineated adults and juveniles based on age
categories specified in MAPS guidelines (adults: classes 1, 5, 6, 7, and 8; juveniles: classes 2 and 4).
To assess avian community responses over time, we used species richness (i.e., the number of unique
7

species) as our response variable for habitat guild analyses. For individual species analyses we used a
Poisson process model and for guild analyses we used a Gaussian process model. For all linear
regression analyses, we determined year as having a significant effect on response data at α = 0.05.
We report slope coefficients, p-values, and R2 values for all analyses.
We assessed the effect of habitat type on annual bird captures (all species, all ages) and habitat guild
species richness over time. We grouped nets based on their associated major habitat type (see Figure
2 for map and net location) and summed captures for all nets within each habitat type for each year.
Habitat types were delineated based on predominant vegetation species composition from a Habitat
Structure Assessment (HSA) completed in 2012. We included data from 2010–2019 in our analysis
of habitat effects, because the HSA was completed in 2012 and there was no significant management
at the site (i.e., no habitat manipulation) during the previous two years. We used linear regression to
assess whether species richness of habitat guilds changed over time across the entire study site and
within each respective habitat type (Figure 2).
We assessed body condition of the previously mentioned species using linear regression with year as
our predictor variable. We used body weight as a metric of body condition and assessed changes in
body condition over time. We used only adult captures (MAPS age classes 1, 5, 6, 7, and 8) because
juvenile weights are likely dependent on their parents and number of offspring which may bias
results. We report only species that had a significant response to year, and report slope coefficients,
p-values, and R2 values of each respective species. We did not graphically represent this analysis.
We assessed survivorship using a mark-recapture analysis on the most abundant species during
2015–2019: American Redstart, Carolina Wren, Northern Cardinal, Song Sparrow, and Wood
Thrush. Survival was estimated using Modified Cormack-Jolly-Seber mark-recapture analyses
(Pollock et al. 1990; Lebreton et al. 1992, DeSante and Saracco 2009). We used the software
program MARK (White and Burnham 1999) and the RMark package in R (Laake and Rexstad 2008;
R Development Core Team 2020) to calculate, for each species, maximum-likelihood estimates and
standard errors for adult survival probability, adult recapture probability, and the proportion of
residents (defined as a species whose normal breeding range overlaps the banding station) among
newly captured adults using a time-constant, transient model (Pradel et al. 1997; Nott and DeSante
2002; Hines et al. 2003). The use of the transient model accounts for the existence of transient adults
(dispersing and floater individuals which are only captured once) in the sample of newly captured
birds, and provides survival estimates that are unbiased with respect to these transient individuals
(Pradel et al. 1997). Recapture probability is defined as the conditional probability of recapturing a
bird in a subsequent year that was banded in a previous year, given that it survived and returned to
the station where it was originally banded.
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Results
The NERI MAPS Station was in operation for its twenty-third year in 2019. Total captures (p <
0.001), total species (p = 0.001), and captures/net hour (p < 0.001) significantly decreased over time
(Figure 4). These trends are further supported when comparing short-term means (2015–2019) with
long-term means (1996–2019; Table 1). Captures of species (adults and juveniles combined) varied,
with three species increasing: Hooded Warbler (p = 0.034), Louisiana Waterthrush (p < 0.001), and
Wood Thrush (p < 0.001) and three species decreasing: American Redstart (p = 0.004) and Song
Sparrow (p = 0.001), and Worm-eating Warbler (p = 0.033) over time (Table 2). Overall, year was a
moderately strong predictor of capture counts for Louisiana Waterthrush (R2 = 0.54) and Wood
Thrush (R2 = 0.73).

Figure 4. Station summary of total captures (orange line, left axis) and species (blue line, right axis;
1996–2019).
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Table 1. Station capture summary (1996-2019).
Year

Period

Net Hours

New
captures

Unbanded

Recaptures

Total
captures

Captures/
Net Hour

1996

10

566.67

285

49

64

398

0.702

0.302

42

1997

8

456.67

292

34

69

395

0.865

0.289

48

1998

8

471.67

223

48

61

332

0.704

0.201

42

1999

8

481.67

236

24

62

322

0.669

0.279

41

2000

8

481.67

229

30

50

309

0.642

0.328

40

2001

8

444.00

193

50

49

292

0.658

0.279

39

2002

8

480.00

220

49

62

331

0.690

0.357

45

2003

8

493.33

209

26

25

260

0.527

0.491

42

2004

8

395.00

234

33

30

297

0.752

0.609

37

2005

8

361.50

179

19

21

219

0.606

0.379

36

2006

8

395.00

230

21

57

308

0.780

0.444

37

2007

7

480.00

189

30

57

276

0.575

0.219

41

2008

NS

NS

NS

NS

NS

NS

NS

NS

NS

2009

8

480.00

201

35

40

276

0.575

0.500

37

2010

8

480.00

210

22

55

287

0.598

0.663

39

2011

8

480.00

163

22

43

228

0.475

0.569

40

2012

8

480.00

154

20

54

228

0.475

0.811

33

2013

8

480.00

156

23

44

223

0.465

0.543

36

2014

8

480.00

155

21

38

214

0.446

1.080

38

NS = no sampling.
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Reproductive
Index Total species

Table 1 (continued). Station capture summary (1996-2019).
Year

Period

Net Hours

New
captures

Unbanded

Recaptures

Total
captures

Captures/
Net Hour

2015

8

480.00

178

17

32

227

0.473

0.559

43

2016

8

480.00

189

17

50

256

0.533

1.200

37

2017

8

475.00

148

11

53

212

0.446

1.000

35

2018

8

480.00

141

11

45

197

0.410

0.939

32

2019

8

480.00

176

14

52

242

0.504

0.983

38

Mean

8.04

468.80

199.56

27.22

48.39

275.17

0.590

0.566

39.04

5-yr Mean
(2015-19)

8.00

479.00

166.40

14.00

46.40

226.80

0.473

0.936

37.00

8

480

193

23

50

276

0.575

0.500

39

Median
NS = no sampling.
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Reproductive
Index Total species

Table 2. Results table of linear regression analyses assessing change in variable of interest over time.
Output of adult population index and reproductive index analyses for all species pooled and individual
species are shown in Figures 5 and 6. Results significant at the alpha = 0.05 level are indicated with "*".
Variable

Species/
Species Group

Total Captures*

Slope
Coefficient

p-value

R2

All Species Combined

-7.03

<0.001

0.73

Total Species*

All Species Combined

-0.34

0.001

0.39

Captures/Net Hour*

All Species Combined

-0.01

<0.001

0.67

Total Captures of Individual Species
(Adults and juveniles combined)

American Redstart*

-0.04

<0.001

0.33

0.01

0.558

0.01

Eastern Towhee

-0.01

0.765

0.00

Hooded Warbler*

0.05

0.003

0.14

Louisiana Waterthrush*

0.09

<0.001

0.54

Northern Cardinal

0.01

0.064

0.08

Song Sparrow*

-0.06

<0.001

0.40

Wood Thrush*

0.09

<0.001

0.73

Worm-eating Warbler*

-0.03

0.033

0.12

Shrubland Guild*

-0.25

<0.001

0.41

Interior-edge Guild

-0.09

0.106

0.12

Forest Interior

-0.02

0.589

0.01

Generalist

0.02

0.510

0.02

Shrubland

0.07

0.606

0.06

Interior-edge

-0.17

0.444

0.10

Forest Interior

0.21

0.089

0.43

Generalist

-0.02

0.664

0.03

Shrubland

-0.20

0.108

0.37

Interior-edge

-0.10

0.369

0.14

0.30

0.047

0.51

Generalist

-0.12

0.110

0.37

Shrubland

-0.07

0.333

0.15

Interior-edge

-0.07

0.699

0.03

Forest Interior

0.04

0.797

0.02

Generalist

0.01

0.934

0.00

Habitat Guild Richness
(Figure 7)

Habitat Guild-Habitat Type Richness
(Ash-Sycamore Floodplain)
(Figure 8)

Habitat Guild-Habitat Type Richness
(Red Cedar/Virginia Pine Flatrock
Comm.)
(Figure 8)

Habitat Guild-Habitat Type Richness
(Locust-Maple)
(Figure 8)

Carolina Wren

Forest Interior*
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Table 2 (continued). Results table of linear regression analyses assessing change in variable of interest
over time. Output of adult population index and reproductive index analyses for all species pooled and
individual species are shown in Figures 5 and 6. Results significant at the alpha = 0.05 level are indicated
with "*".
Variable

Species/
Species Group

Body Weight

Slope
Coefficient

p-value

R2

American Redstart*

0.12

<0.001

0.05

Carolina Wren*

0.29

<0.001

0.10

Eastern Towhee*

0.73

0.009

0.15

Hooded Warbler*

0.11

0.010

0.11

Louisiana Waterthrush

0.02

0.703

0.00

Northern Cardinal*

0.43

<0.001

0.09

Song Sparrow*

0.18

<0.001

0.05

Wood Thrush

0.08

0.440

0.00

-0.04

0.488

0.01

Worm-eating Warbler

Comparing trends in adults and juveniles, adult population index significantly decreased across all
species combined (p < 0.001) as well as in American Redstart (p < 0.001), Carolina Wren (p <
0.001), Song Sparrow (p = 0.006), and Worm-eating Warbler (p = 0.006), and significantly increased
in Wood Thrush (p = 0.002). Trends in adult population index of Eastern Towhee, Hooded Warbler,
Louisiana Waterthrush, and Northern Cardinal were not significant over time (Figure 5).
Reproductive index (the proportion of juveniles to adults) of all species combined increased
significantly over time (p < 0.001) indicating juveniles are making up a greater portion of the avian
population at the banding station over time (Figure 6). Additionally, reproductive index of American
Redstart (p = 0.014), Carolina Wren (p < 0.001), Louisiana Waterthrush (p = 0.015), and Wood
Thrush (p = 0.013) increased significantly over time. Survival analysis indicated annual survivorship
(i.e., the likelihood that an individual captured in any given year will survive to the subsequent year)
during 2015–2019 was highest in Northern Cardinals and American Redstarts (60% and 54%,
respectively) and lowest in Song Sparrows and Wood Thrush (35% and 20%, respectively; Table 3).
Northern Cardinals and Wood Thrush had the highest proportion of resident individuals captured
during 2015–2019, with 66% and 62% respectively. Recapture probability was high in all species
(56–80%) except in American Redstart, which was 28% (Table 3).
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Figure 5. Adult population trends for species of interest and all species pooled at the NERI MAPS station,
1996–2019. The index of population size was determined as the number of adults captured per 600 nethours for each year, where the species was categorized as a regular or usual breeder. The slope of a
linear regression of population size on year was used as the measure of the population trend (red line).
The population trend and its standard error (in parentheses) are presented on each graph. The
correlation coefficient (r) and significance (P) of the relationship are also shown on each graph. For all
species pooled, we included all adults from species that were regular or usual breeders in this area.
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Figure 6. Trends in reproductive index for species of interest and all species pooled at the NERI MAPS
station, 1996–2019. The reproductive index was calculated as the average productivity (young per adult)
for each year, where the species was categorized as a regular or usual breeder. The slope of the
regression line for annual change in the index of productivity was used as the measure of the productivity
trend (red line). The productivity trend and its standard error (in parentheses) are presented on each
graph. The correlation coefficient (r) and significance (P) of the relationship are also shown on each
graph. For all species pooled, we included all species that were regular or usual breeders in this area.
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Table 3. Estimates of adult survival, recapture probability, and proportion of residents for the five most
abundant breeding species at NERI during 2015–2019.
Num.
Ind.1

Num.
Caps.2

Num.
Ret.3

Survival
Probability4

Surv.
CV5

Recapture
Probability6

Proportion of
Residents7

Carolina Wren

195

312

33

0.37 (0.06)

15.8

0.70 (0.12)

0.25 (0.09)

Wood Thrush

152

226

16

0.20 (0.08)

36.6

0.69 (0.24)

0.62 (0.30)

Song Sparrow

149

258

31

0.35 (0.06)

16.4

0.80 (0.12)

0.38 (0.13)

American Redstart

377

450

37

0.54 (0.06)

11.2

0.28 (0.07)

0.32 (0.10)

Northern Cardinal

137

245

65

0.60 (0.05)

8.2

0.56 (0.07)

0.66 (0.13)

Species

1Number

of adult individuals captured at stations where the species was a regular or usual breeder (i.e., number
of capture histories).

2Total

number of captures of adult birds of the species at stations where the species was a regular or usual
breeder.

3Total

number of returns. A return is the first recapture in a given year of a bird originally banded at the same
station in a previous year.

4Survival

probability presented as the maximum likelihood estimate, standard error of the estimate is provided.
The estimate for survival probability should be viewed with caution because it is based on five or fewer betweenyear recaptures or the estimate is very imprecise (SE(φ)≥0.200 or CV(φ) ≥ 50.0%).

5The

coefficient of variation for survival probability, a CV(φ) ≥ 50.0% is considered imprecise.

6Recapture

probability presented as the maximum likelihood estimate (standard error of the estimate). The
estimate for recapture probability (and possibly survival probability as well) may be biased low because the
estimate for proportion of residents was 1.000.

7The

proportion of residents among newly captured adults presented as the maximum likelihood estimate
(standard error of the estimate).

Species richness of the shrubland habitat guild significantly decreased over the study period (p <
0.001), while the interior-edge, forest interior, and generalist guilds did not change (Table 2, Figure
7). Habitat guild richness over time was not different across the different major habitat types (Figure
8), except for the forest interior guild which significantly increased (p = 0.047) in the Appalachian
flatrock community (Table 2).
Adult body weights of all species increased over the study period, except for Worm-eating Warbler
(Table 2). Body weights of American Redstart (p < 0.001), Carolina Wren (p < 0.001), Eastern
Towhee (p = 0.009), Hooded Warbler (p = 0.010), Northern Cardinal (p < 0.001), and Song Sparrow
(p < 0.001) significantly increased over the study period (Table 2), while body weights of Louisiana
Waterthrush and Wood Thrush increased but not significantly.
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Figure 7. Station summary of species richness broken down by habitat guild across all habitat types
(1996–2019).

Figure 8. Species richness of the three major habitat types represented at New River Gorge National
River (NERI) Sandstone Falls Station 2010–2019. Habitat types were based on the MAPS Habitat
Structure Assessment (HSA) conducted in 2012.
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Discussion
The long-term data from the NERI MAPS Station continues to provide valuable insight about
changes in the local bird community over time as vegetation composition and structure change.
While we observed consistent declines in capture metrics at the NERI MAPS Station, interior-edge,
forest interior, and generalist habitat guild richness declines were inconsistent with respect to habitat
types. Shrubland species was the only habitat guild that had significant declines in capture metrics
during the study period. This is similar to other reports of declining populations of earlysuccessional/shrubland species in the region (King and Schlossberg 2014). The decrease in shrubland
species at the Sandstone Falls station is possibly due to the loss of catastrophic flooding over time,
which has decreased the amount of ground vegetation cover (0–0.5 m above ground). However, we
cannot definitively state that the decrease in ground vegetation at the station is the reason for decline
in shrubland habitat guild species richness over time.
Reproductive index (ratio of young to adults) increased over the sampling period for all species
combined as well as the American Redstart, Carolina Wren, Louisiana Waterthrush, and Wood
Thrush. Greater proportions of young in the population could indicate greater reproductive output by
adults which may be from greater quality or quantity of food resources. Gleditsch and Carlo (2014)
reported increased nestling food provisioning rates with increasing honeysuckle (Lonicera spp.) by
Gray Catbirds, leading to higher nestling quality (i.e., higher mass:tarsus length ratio). Similar
processes are likely occurring at the Sandstone Falls station, as invasive species, including
honeysuckle, are present throughout the site. Increased presence of invasive plants at Sandstone Falls
could also explain the increased body weights we observed for all species except the Worm-eating
Warbler, as invasive fruit production is often an important determinant of avian presence (Gleditsch
and Carlo 2010). Further, invasive plant species may provide greater vegetation cover than native
species for some shrubland birds, which can positively affect nest success rates (Ausprey and
Rodewald 2011). However, further study is needed to determine whether the presence of invasive
species are promoting songbird populations or acting as ecological traps (i.e., scenarios in which
rapid environmental change causes species to prefer poor-quality habitats) at Sandstone Falls
(Rodewald et al. 2010).
Three regional conservation concern species increased over the study period (Hooded Warbler,
Louisiana Waterthrush, and Wood Thrush). Trends observed by Hooded Warbler, Louisiana
Waterthrush, and Wood Thrush are likely attributed to increases in both adults (Figure 5) and
juveniles (Figure 6). Further, body weight of the Hooded Warbler increased. Hooded Warblers are
considered a forest-gap specialist, preferring interior forest conditions. However, they
opportunistically use gaps in the canopies of riparian forests (Bowen et al. 2007) which may explain
their increased capture rate over time. Louisiana Waterthrush, the only riparian obligate species
assessed in this report, increased over the study period possibly indicating conditions at this site
could be improving for this species of high priority. However, Louisiana Waterthrush prefers closed
canopy late-successional riparian forests over mid- or early-successional riparian forests (Buffington
et al. 1997). One possible explanation to why we observed increased Louisiana Waterthrush over
time was the accumulation of sediment at this site, creating breeding opportunities in the stream
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banks where they nest. Wood Thrush is considered a species of highest conservation priority in the
Appalachian region. Similar to the Louisiana Waterthrush, Wood Thrush prefers late-successional
forests which were not prevalent at our study site. However, 41% of all captures occurred at the two
northwestern-most nets (20% of net effort; Figure 2) adjacent to the oak-yellow poplar-sugar maple
habitat type. Our Wood Thrush capture data could be a byproduct of surrounding habitat and not
necessarily a direct result of ongoing management at the banding site.
The locust-maple disturbed forest had the highest amounts of invasive species presence based on
HSA in 2012, but this did not correlate to decreased species richness or reductions of capture metrics.
The prevalence of invasive species is likely due to greater canopy openness resulting from ash
(Fraxinus spp.) mortality due to an emerald ash borer beetle (Agrilus planipennis) outbreak,
compared to the older sites, and disturbed soils which provided opportunities for invasive
encroachment into these areas (Greenberg et al. 2001). While invasive plant species provide birds
with food resources and abundant cover from predators, they potentially alter ecosystem function by
disrupting biological pathways both above and below ground (e.g., prolific growth and seed
dispersal, allelopathy; Bartuszevige and Gorchov 2006, McCay et al. 2009, Grove et al. 2012).
Native riparian forests are often subjected to periodic flooding and have a competitive advantage
over lower, shorter-growing herbaceous species during times of intense soil water saturation. The
loss of this natural disturbance has allowed invasive encroachment onto the Sandstone Falls MAPS
Station. To restore and ensure persistence of the native riparian plant community into the future, a
solution is needed to simulate the natural disturbance of the periodic, intense flooding.
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Summary
Sound avian conservation and management is based on long-term empirical data sets that enable
managers to observe population trends over time to help inform their decisions. The Monitoring
Avian Productivity and Survivorship (MAPS) program was developed in North America to better
understand the population trends of species and groups of interest and help direct management and
conservation choices. With the establishment of the Sandstone Falls station by Ronald Canterbury in
1996, New River Gorge National River (NERI) became involved in the MAPS program. Over the
past twenty-three years, captures have decreased at the NERI station. Although netting effort has
remained constant, all capture metrics have been considerably lower in the past five years when
compared to their mean values over the study period. When we separate all species into habitat
guilds, only the early-successional/shrubland guild has significantly decreased over the study period.
The changing habitat structure towards riparian forests with encroaching invasive plant species does
not seem to have negatively affected the only riparian obligate bird species (Louisiana Waterthrush),
as total captures and capture rate has increased for this species during the study period. Continued
monitoring at the NERI MAPS Station can provide valuable information about the impacts invasive
plant species have on riparian forests and the bird communities that occupy them.
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Appendix A. List of species captured and the number of total
captures during the study period 1996–2019.
Table A-1. Species are placed into habitat guilds, and Partners-in-Flight (PIF) Species of Concern reflect
assessments for Appalachian Mountains region (BCR 28).
Habitat Guild

Common Name

Total Captures

PIF Species of Concern

Forest Interior

Acadian Flycatcher

13

X

Black-and-white Warbler

67

X

Blue-headed Vireo

1

–

Cerulean Warbler

2

X

Hairy Woodpecker

13

–

Kentucky Warbler

15

X

Louisiana Waterthrush

209

X

Magnolia Warbler

17

–

Northern Waterthrush

2

–

127

–

1

–

Red-eyed Vireo

166

–

Scarlet Tanager

58

X

Swainson’s Thrush

2

–

Tufted Titmouse

68

–

White-breasted Nuthatch

2

–

Wood Thrush

484

X

Worm-eating Warbler

87

X

Yellow-throated Warbler

5

X

American Robin

156

–

Blue Jay

13

–

Brown-headed Cowbird

9

–

120

–

House Finch

5

–

House Sparrow

1

–

Mourning Dove

5

–

396

–

Ovenbird
Pileated Woodpecker

Generalist

Common Grackle

Northern Cardinal
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Habitat Guild

Common Name

Total Captures

PIF Species of Concern

432

–

Eastern Bluebird

4

–

Red-winged Blackbird

14

–

American Redstart

702

–

Baltimore Oriole

65

–

Black-billed Cuckoo

1

–

Blackpoll Warbler

4

–

126

–

Belted Kingfisher

2

–

Canada Warbler

3

X

Carolina Chickadee

86

–

Cedar Waxwing

101

–

Downy Woodpecker

53

–

Eastern Phoebe

53

–

Eastern Wood-pewee

25

X

Great-crested Flycatcher

9

–

Hooded Warbler

94

X

House Wren

7

–

Northern Flicker

22

–

Northern Parula

32

–

Red-bellied Woodpecker

7

–

Rose-breasted Grosbeak

21

X

Ruby-throated Hummingbird

373

–

Swamp Sparrow

2

–

Warbling Vireo

6

–

Yellow-bellied Flycatcher

1

–

Yellow-billed Cuckoo

1

–

Yellow-throated Vireo

11

–

American Goldfinch

156

–

American Woodcock

3

X

Blue-winged Warbler

23

X

Song Sparrow

Interior-edge

Blue-gray Gnatcatcher

Interior-edge

Shrubland

25

Habitat Guild

Common Name

Total Captures

PIF Species of Concern

Brewster’s Warbler

1

–

Brown Thrasher

33

–

Carolina Wren

572

–

Chestnut-sided Warbler

4

–

Chipping Sparrow

43

X

Common Yellowthroat

106

–

Eastern Towhee

112

X

Field Sparrow

25

X

Gray Catbird

376

–

Golden-winged Warbler

9

X

Indigo Bunting

91

–

Lawrence’s Warbler

1

–

Mourning Warbler

3

–

Orchard Oriole

83

–

Tennessee Warbler

1

–

White-eyed Vireo

93

–

Willow Flycatcher

1

–

Wilson’s Warbler

1

–

Yellow-breasted Chat

64

X

Yellow Warbler

81

–
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