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Abundance and habitat use estimates show Lesser Yellowlegs (Tringa
flavipes) breed in high numbers in interior Alaska

Ellen C. Martin, Paul F. Doherty, Jr.', Kim A. Jochum? and Calvin F. Bagley?
"Department of Fish, Wildlife, and Conservation Biology, Colorado State University, >Center for Environmental Management of
Military Lands, Colorado State University

ABSTRACT. Lesser Yellowlegs (Tringa flavipes) abundance has declined by approximately 75% across North America since 1970.
Despite this dramatic decline, Lesser Yellowlegs are infrequently studied on their breeding grounds and have rarely been studied in the
boreal forest of Alaska where population size is uncertain. We used a spatially balanced sampling design and surveyed 400 by 400 m
plots in 2016 and 2017 to (1) estimate abundance and habitat use of Lesser Yellowlegs breeding on military lands in interior Alaska,
and (2) test hypotheses about which habitat covariates best explain variation in plot abundances and habitat use. We predicted that
boreal forest habitats on military lands in central Alaska supported a large percent of breeding Lesser Yellowlegs and that plots
containing water and situated closer to wetlands would have the highest abundances compared to other habitat variables tested. We
also predicted that increased presence of lowland habitat and associated vegetation covariates (e.g., percent low scrub canopy) increased
probability of habitat use. In 2017, Lesser Yellowlegs abundance at the study site was 12,478 individuals, and habitat use was negatively
associated with increasing elevation and percent canopy cover on plot. We estimate that military lands in interior Alaska support 8%
of all Lesser Yellowlegs breeding in Alaska. Therefore, studies identifying important Lesser Yellowlegs breeding habitat and addressing
conservation priorities in the boreal forest should be continued.

Les estimations de population et d'utilisation de I'habitat indiquent que les Petits Chevaliers (Tringa
flavipes) se reproduisent en grand nombre dans l'intérieur des terres de I'Alaska

RESUME _. La population de petits chevaliers (7ringa flavipes) a baissé d'environ 75 % en Amérique du Nord depuis 1970. Malgré ce
déclin spectaculaire, les petits chevaliers sont rarement étudiés sur leurs territoires de reproduction et ont rarement fait 1'objet d'études
dans la forét boréale d'Alaska, ou l'importance de leur population est incertaine. Nous avons utilis¢ un modele d'échantillonnage
équilibré dans 'espace et observé des parcelles de 400 x 400 meétres en 2017 afin (1) d'estimer I'abondance et 1'utilisation de I'habitat par
les petits chevaliers qui se reproduisent sur les terrains militaires a l'intérieur de 1'Alaska, et (2) de tester des hypothéeses concernant les
covariables de I'habitat qui expliquent le mieux les variations en termes d'abondance sur les parcelles et d'utilisation de 1'habitat. Nous
avions prédit que les habitats de la forét boréale situés sur des terrains militaires du centre de I'Alaska accueillaient un fort pourcentage
de petits chevaliers pendant la période de reproduction et que les parcelles contenant de 1'eau et plus proches des terrains marécageux
abritaient des populations plus nombreuses que les autres variables d'habitat étudiées. Nous pensions également que la présence accrue
de covariables d'habitats de basse terre et de végétation associée (par ex. le pourcentage d'arbustes) augmentait la probabilité d'utilisation
de I'habitat. En 2017, nous avions dénombré une population de 12 478 petits chevaliers sur le site de I'étude et l'utilisation de I'habitat
était inférieurement proportionnelle a l'altitude croissante et au pourcentage de couverture de canopée sur les parcelles. Nous estimons
que les terrains militaires de I'intérieur de I'Alaska abritent 8 % de I'ensemble de la population de petits chevaliers qui se reproduisent
en Alaska. En conséquence, les études identifiant I'habitat de reproduction majeur des petits chevaliers et traitant des priorités de
conservation dans la forét boréale devraient étre poursuivies.
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INTRODUCTION with 24% of those estimated to breed in interior Alaska boreal
Lesser Yellowlegs (Tringa flavipes) is listed as a species of high ~ forest (96,000-158,400 Lesser Yellowlegs; Andres et al. 2012,
conservation concern by the U.S. Fish and Wildlife Service  /Alaska Shorebird Group. 2019). These continental population

(USSCPP 2016) and listed as a species of high concern by the estimates are uncertain, and in general, have increased over time

Alaska shorebird conservation plan (Alaska Shorebird Group ~ @S hew data have been added (Andres et al. 2016). However,
2019). Current abundance estimates for Lesser Yellowlegs have accurate and adequate information about continental population

low certainty and are derived from a mix of expert opinion and sizesis still lacking (Clay etal. 2012),. resulti.ngin great uncertainty
aerial surveys (Andres et al. 2012). North American abundance ~ about the conservation status of this species.

fasti.m.ates range from 400,000 (Morrison et al. 2006) t0 660,000 Population trend estimates of Lesser Yellowlegs show that the
individuals (Andres et al. 2012, Alaska Shorebird Group 2019), species has experienced a decline of approximately 75-90% in
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North America (Butcher and Niven 2007, Sauer et al. 2011, Clay
et al. 2012), with a 2.8% and 3.2% annual decline in United States
and Canadian breeding bird survey (BBS) routes, respectively,
during the period 1970-2016 (Sauer et al. 2020). More locally, a
5.4-9.2% annual decline in abundance in the northwest interior
boreal forest of Alaska was estimated from roadside and off-road
surveys (Handel and Sauer 2017). Causes of the declines in Lesser
Yellowlegs abundance are unknown, but illegal and sport hunting
on migratory stopover sites (Clay et al. 2012, Watts et al. 2015)
and decreasing availability of wetland habitat at breeding and
migratory stopover sites (Skagen 2006) are believed to be drivers.

Given the uncertainty around absolute abundance estimates,
population trajectories, and the associated concern, surprisingly
few studies have been conducted on Lesser Yellowlegs’ status and
trends on their breeding grounds in Bird Conservation Region 4
(BCR 4; Alaska Shorebird Group 2008, Andres et al. 2016). BCR
4 is one of 67 bird conservation regions in North and Central
America, which are distinguished from one another by common
habitats, conservation management strategies, and common bird
communities (see NABCI [date unknown]). BCR 4 is ~722,000
km? and spans Alaska and Northwestern Canada interior forest
(i.e., boreal forest). From other studies in the Lesser Yellowlegs
species range, BCR 4 is known to contain important breeding
habitat characteristics (Tibbitts and Moskoff 1999, Clay et al.
2012), i.e., wetlands, dwarf scrub, and open low sedge areas
(Elphick and Tibbitts 1998, Tibbitts and Moskoff 1999, Clay et
al. 2012). Although abundance and trend estimation have
improved with the recent implementation of shorebird
monitoring programs and conservation initiatives such as the
Program for Regional and International Shorebird Monitoring
(PRISM) and the Western Hemisphere Shorebird Reserve
Network, indices of local population trends in the boreal forest
and basic ecological data such as habitat use remain unknown for
Lesser Yellowlegs (Lindstrom et al. 2015).

Shorebird research needs in the boreal forest were identified by
the Alaska shorebird conservation plan (Alaska Shorebird Group
2019) and include designing, assessing, and implementing survey
approaches to estimate abundances and identify shorebird use
areas, especially for species of conservation concern (Alaska
Shorebird Group 2019). To address these research needs, we first
investigated overall shorebird abundances across lowland and
upland shorebird guilds (Martin et al. 2020). We identified guild-
wide abundances of breeding shorebirds, regardless of species,
and addressed the differences in local abundances to determine if
our study site met basic Western Hemisphere Shorebird Reserve
Network criteria to be considered a site of importance. Building
from that research, species-specific abundance estimation and
targeted habitat use investigations can offer unique insights for
management of a single species of concern. In this paper, we
further address the action items of the Alaska shorebird
conservation plan for a species of conservation concern, Lesser
Yellowlegs, by disentangling species-specific abundance estimates
and habitat use from a larger dataset collected in the interior
boreal forest (Martin 2019). These species-specific estimates will
inform targeted management efforts for this species of high
conservation concern as efforts to address precipitous declines are
gaining momentum.
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In Alaska, potential breeding areas for Lesser Yellowlegs include
Department of Defense (DoD) lands. The DoD manages more
than half a million hectares (~5,000 km?; 0.69% of land area of
BCR 4) of interior Alaska boreal forest (Fort Wainwright,
Alaska, including Tanana Flats Training Area near Fairbanks,
and Donnelly Training Area, near Delta Junction, Alaska) for
military training (U.S. Army Garrison Fort Wainwright 2013).
The majority of training lands in interior Alaska are remote with
no road access and are primarily used for aerial training exercises.
Maneuver exercises on the ground are more frequently conducted
in road-accessible training lands because of ease of access and
other logistical considerations. On these training areas with roads,
moderate military and recreational activity occurs year-round,
including trapping and hunting as well as brief, but high-intensity,
use from military aerial gunnery. The time period of peak military
training, maneuver training, and live-fire weapons training
coincides with shorebird nest initiation and breeding territory
establishment (U.S. Army Garrison Fort Wainwright 2013).
Primary impacts to soils, vegetation, and wetlands occur from
driving vehicles on- and off-road (U.S. Army Garrison Fort
Wainwright 2013), meaning most impacts to the boreal forest on
military lands occur within a small radius around the few roads
in the training area and those habitats outside this radius remain
largely undisturbed. In an effort to maximize military training
opportunities while enhancing and protecting biological diversity,
the DoD documents species on lands it manages and uses (Center
for Environmental Management of Military Lands 1999).
Estimating population sizes and habitat use of avian species using
military lands is an important step in managing and ensuring
protections for these species.

Our objectives were to (1) estimate abundance and habitat use of
Lesser Yellowlegs breeding on military lands in interior Alaska
and (2) test hypotheses about which habitat covariates best explain
variation in abundance and habitat use. Beyond hypothesizing
that the boreal forest in military landsin interior Alaska contained
important breeding habitat for Lesser Yellowlegs, we predicted
that lowland strata on our study site (i.e., Tanana Flats Training
Area River and Tanana Flats Training Area Lowlands) would
support higher abundances of Lesser Yellowlegs than upland
strata because of proximity to nutrient-rich riverine corridors. We
predicted that mixed upland strata (i.e., Donnelly Training Area
East and Donnelly Training Area West) would have lower
abundances of Lesser Yellowlegs because of steep, higher
elevation terrain and fewer patches of suspected suitable breeding
habitat. We also predicted that use by Lesser Yellowlegs would
decrease as shrub percent cover increased, increase as distance to
wetland decreased, and increase in wet grassland/open mudflat
habitat (Viereck et al. 1992).

METHODS

Study site

Fort Wainwright (USAG Alaska) military lands in interior
Alaska are composed of several training areas, two of which are
Tanana Flats Training Area (TFTA) and Donnelly Training Area
(DTA). TFTA spans ~258,900 hectares (64°33'5” N, -147°4416”
W) and DTA spans~267,000 hectares (64°2"38” N, -146°7'32” W).
Together, these training areas contain 94 uniquely identified
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Fig. 1. Study area within Alaska (1a), Tanana Flats Training Area (1b), and Donnelly Training

Area (1c).
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habitat types (Viereck et al. 1993). TFTA is situated south of
Fairbanks, Alaska. DTA, split into DTA East and DTA West, is
located south-west of Delta Junction, Alaska, and abuts Fort
Greely (Fig. 1a). TFTA is a lowland ecosystem (120-360 m in
elevation), composed of wetland habitats and river corridors (Fig.
1b). Dominant habitat classification in TFTA is characterized by
closed boreal forest composed of black spruce (Picea mariana),
white spruce (Picea glauca), and aspen (Populus tremuloides), as
well as open wetlands composed of sedges, grass, and tussock
tundra. DTA is mixed upland and lowland habitat (> 600 m
elevation), with most of the training area composed of habitat
classifications characteristic of uplands (Fig. 1c; Viereck et al.
1993, Gallant et al. 1995, Martin et al. 2020). Dominant
vegetation on DTA is low scrub (lingonberry [Vaccinium vitis-
idaea], dwarf birch [Betula nana], bog blueberry [Vaccinium

uliginosum]), and ground cover such as moss and lichen. Primary
disturbances on our study site are related to military use (U.S.
Army Garrison Fort Wainwright 2013).

Sampling design

The Arctic PRISM program for shorebird monitoring (Bart et al.
2005) served as the model for our survey methods. We designed
and implemented a modified Arctic PRISM protocol adjusted for
thechallenges and needs of conducting surveys in the boreal forest
(Martin et al. 2020). PRISM did not recommend one approach
to conducting boreal forest shorebird surveys, but instead offered
alist of untested survey methods (Skagen et al. 2003). Suggestions
included aerial surveys, mini-Breeding Bird Surveys, and an
emulation of the Arctic PRISM survey (Skagen et al. 2003).
Including a probability-based sampling design to choose survey
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plots and accounting for imperfect detection on surveyed plots
are two important, but often overlooked elements in abundance
and habitat use survey designs (Nichols et al. 2000, Williams et
al. 2002). We used an adjusted Arctic PRISM survey protocol to
address the boreal forest survey requirements ensuring a stratified,
random design with a spatially balanced sampling tool (Stevens
and Olsen 2004, Theobald et al. 2007, ESRI 2011) and
incorporated detection estimates using a dependent double
observer method (Nichols et al. 2000). We repeatedly visited
randomly selected 400 by 400 m plots within two training areas
(TFTA and DTA), separated into four strata (TFTA River, TFTA
Lowland, DTA East, and DTA West).

Plot locations were generated independently in the four strata
using the spatially balanced sampling tool in ESRI (Stevens and
Olsen 2004, Theobald et al. 2007, ESRI12011). Based on sampling
access opportunities, three of the strata had equal sample
allocation (TFTA Lowlands, DTA East, and DTA West). The
fourth stratum (TFTA River) was sampled at a higher frequency
because of ease of accessibility. Plot access was dependent on
helicopter scheduling, weather, vehicle availability, and training
area closures. We visited selected 400 by 400 m plots twice within
the same year and repeated the visits in the second year. We also
doubled the number of plots surveyed in 2017 (142 plots)
compared to 2016 (78 plots) to achieve a desirable coefficient of
variation.

We used a dependent double-observer survey method on each
plot to collect data on presence/absence and number of Lesser
Yellowlegs and habitat covariates (Nichols et al. 2000). A primary
observer walked ahead of a secondary observer and indicated
verbally where shorebirds were observed, species name, and
number in each group (defined as shorebirds within 10 m of each
other). The secondary observer recorded the shorebirds observed
by the primary observer and any shorebirds that the primary
observer missed. The observers walked transects through the
entire plot. A plot required six transects to be considered fully
surveyed, each transect between 50 and 60 m apart. Lesser
Yellowlegs are ground nesters and flushed at variable distances.
At the end of the survey both observers collaboratively collected
habitat data within a 50 m radius of the center of each plot. The
team collected data on Viereck classification, average shrub
height, shrub and tree cover proportion, open water proportion,
and dominant vegetation species. Additionally, a broad
vegetation categorization for the entire 16 ha plot was recorded
at the end of each survey.

Data analysis: abundance

In Program MARK (White and Burnham 1999), we derived plot-
level abundance (N) and modeled detection probability (p) using
Huggins closed captures models (Huggins 1989, 1991). With the
Huggins models, abundance is a derived parameter instead of
within the model likelihood, allowing us to model individual
covariates on detection. We used data from first visits in 2017, the
year with the most survey effort, and estimated detection using
the difference in detected birds between primary observer and
secondary observer. This detection is the probability of detecting
an individual bird given it is available on a plot. We constructed
candidate models representing hypotheses for abundance and
detection (Table 1). We examined correlations among all habitat
covariates and found none of importance (r < 0.15). Preliminary
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modeling found no difference in detection among observers, likely
because of extensive pre-field season training, and thus a covariate
for observer difference was not included. We ran goodness-of-fit
tests using a median c-hat (¢) procedure (Cooch and White 2013).

We selected the most parsimonious model from a model set
consisting of all possible combinations of habitat covariate
models on detection by ranking the models using Akaike’s
Information Criterion with a small sample size correction (AIC ;
Akaike 1974, Burnham and Anderson 2002). We determined
relative importance of covariates by summing Akaike weights (w))
across all models containing a specific variable. The model
containing all variables with cumulative AIC_ weights (w,) 2 0.50
was used to derive abundance estimates for our study area
(Burnham and Anderson 2002, Doherty et al. 2012, Bromaghin
et al. 2013). We derived plot-level densities per hectare and then
we extrapolated these densities to all surveyable habitat (i.e.,
sampling frame) for each of the four strata (TFTA River, TFTA
Lowlands, DTA East, and DTA West). Variance estimates were
calculated following Bowden et al. (2003) to account for detection
covariance structures across plots within strata.

To determine the maximum biological process variability possible
in our data (White and Burnham 1999), we ran a variance
components analysis on the derived abundance estimates from
the mean model (i.e., model with no covariates, intercept model)
in Program MARK. From this maximum variability, we
subtracted the amount of process variance explained by each
covariate individually and divided by total process variance to
determine the percent of process variability explained by each
habitat covariate.

Data analysis: habitat use

We used occupancy models to estimate shorebird habitat use,
colonization, and detection, as well as to correlate predicted
habitat covariates to use and detection (Mackenzie et al. 2017).
We pooled all presence/absence data from both observers within
a visit and estimated occupancy within and between survey years
to understand colonization/extinction dynamics. We note that
detection in an occupancy model is different from detection in
abundance model. Estimated detection in an occupancy model is
the probability of detecting a species (one or more individuals)
given it is available. We analyzed Lesser Yellowlegs presence/
absence data with a dynamic multi-season (robust design)
occupancy model in Program MARK (White and Burnham 1999)
that estimates habitat use (), detection (p), colonization (y), and
derived extinction (g). Colonization (y) and extinction (€) were
parameters which were included to estimate probability that an
unused/used plot in 2016 was subsequently used (colonization) or
unused (extinction) in 2017. For the analysis, habitat use was our
principal parameter of interest. A priori, we developed and
created candidate models to test hypotheses about use,
colonization, and detection, and focused on covariates such as
elevation, distance to water, shrub cover, and habitat
classifications (Table 1). Our hypotheses considered shorebird
biology, habitat ecology, and previous literature to represent the
likely strongest and highest weighted habitat covariates (e.g.,
Andres et al. 2012). Habitat use and colonization hypotheses have
similar predicted relationships with covariates (Table 1) because
literature has shown that there is a relationship between individual
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Table 1. Lesser Yellowlegs (Tringa flavipes) covariate predictions (positive [+], negative [-], or not applicable [NA]) for
abundance, habitat use, colonization, and detection. Habitat classifications are from Viereck et al. (1993) and include
open forest, tall scrub, low scrub, dwarf scrub, herbaceous (graminoid/forb), moss/lichen, water, and barren ground cover

classifications.
Parameter Elevation Percent water on Distance to Percent shrub Most used/colonized
(meters) plot wetland cover Viereck Classification
(0-100%) (0-5300m) (0-100%)

Abundance - + - - Wet, grassland /
open mudflat

Detection + + - + NA

Habitat Use - + - - Wet, grassland /
open mudflat

Colonization - + - - Wet, grassland /

open mudflat

decisions and habitat features related to reproductive success
(Bled et al. 2011).

Following our methods for abundance estimation, we relied upon
AIC_formodelselection (Burnham and Anderson 2002), but used
a two-step process (Lebreton et al. 1992, Doherty et al. 2012). For
the first step of model selection on Lesser Yellowlegs, we held use
(Y) and colonization (y) constant (.), where “.” indicates an
intercept-only model, to estimate effects of all possible additive
combinations of predicted habitat covariates and three predicted
time effects (visit, year, and visit*year) on detection (p). In
subsequent models, we held colonization (y) and detection (p)
constant (.) to estimate effects of all possible combinations of
predicted habitat covariates plus a year effect on habitat use (V).
We followed this same pattern for evaluating the full set of
predicted covariates on colonization (y). Within a balanced model
set for a particular parameter (¢, y, p), we summed Akaike model
weights (cumulative variable weights: w) across all models
containing a particular variable to determine relative importance
of covariates (Burnham and Anderson 2002). For each parameter
(@, Y, p), variables or time structures with w, > 0.50 were retained
for the second step of model selection.

The global model we used in step two of model selection included
all variables retained for each parameter from step one. From this
global model, we constructed all possible additive combinations
of variables on all parameters and evaluated both cumulative
variable weights and top models in selecting important variables.
Following Barbieri and Berger (2004), our predictive model
included variables with w;, > 0.50 and our figures are based on this
model. We ran goodness-of-fit tests using a median c-hat
procedure (Cooch and White 2013). The goodness-of-fit tests
helped ensure that the most saturated model in our candidate
model set sufficiently fit the data and met model assumptions.

RESULTS

Raw survey results

Surveys were initiated on 7 May 2016 and 9 May 2017, and ended
14 July 2016 and 14 July 2017 to align with cessation of breeding
and historical shorebird departure from the area (Kessel and
Gibson 1978). We surveyed 78 plotsin 2016 and 142 plotsin 2017.
We observed Lesser Yellowlegs on seven plots (8.9%) in 2016 with

43 individuals observed and on 27 plots (19%) in 2017 with 144
individuals observed.

Lesser Yellowlegs abundance estimation

results

We analyzed all possible combinations of habitat covariates on
detection (percent scrub on plot, percent water on plot, distance
to wetland, forest Viereck classification, scrub Viereck
classification, and forb/lichen/herbaceous Viereck classification).
The only variable with w, > 0.50 for detection was percent water
on plot (Table 2).

Table 2. Model selection results for Lesser Yellowlegs (Tringa
flavipes) models of detection probability (p) and abundance (N).
We relied upon Akaike’s Information Criterion (with a small
sample size correction) for model selection and used cumulative
variable weights (w) and AIC, to identify most important
covariates. First listed model is top model from which abundance
estimates (N) were derived. Because global model set is so small,
all models are presented. Lowest AIC, value: 49.105.

Model AAIC,  w, Model k Deviance
Likelihood

p (percent water on plot) 0.000 0.620 1.000 3 42.894
N (plot)

p (distance to wetland) 1.714  0.263 0.424 3 44.608
N (plot)

p() 5.397 0.042 0.067 2 50.397
N (plot)

p (habitat) 5.705 0.036 0.058 4 46.456
N (plot)

p (elevation) 6.512 0.024 0.039 3 49.406
N (plot)

p (percent scrub canopy) 7.484 0.015 0.024 3 50.379
N (plot)

Lesser Yellowlegs abundances were calculated using the model
P percent water on plot Nplot' Percent water on plot had a weak negative
relationship with detection (f = -0.132 * 0.059) and average
detection probability for Lesser Yellowlegs was 0.752 + 0.132.
Estimated number of Lesser Yellowlegs on occupied plots ranged
from one to seven birds. Extrapolated to the entire sampling
frame, in 2017, estimated abundance of Lesser Yellowlegs was
12,478 + 6494 individuals (Table 3).
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Table 3. Lesser Yellowlegs (7ringa flavipes) abundance estimates + standard error (SE) for 2017 on military lands in

interior Alaska.

Average Density (per ha) Total Abundance

Strata Average Number per Plot
Tanana Flats Training Area River 0.905 £ 0.085
Tanana Flats Training Area Lowland 1.015 £ 0.059
Donnelly Training Area East 0.107 £ 0.011
Donnelly Training Area West 0.000 £ 0.004

Total

0.057 = 0.005 510 + 329
0.063 = 0.004 11,864 + 6098
0.007 = 0.001 104 £ 71
0.000 % 0.000 0x0

12,478 + 6494

Variance components analysis suggests that distance to wetland
explains the most variation in Lesser Yellowlegs plot-level
abundance (20.37%), followed by percent scrub canopy cover
(9.24%), and Viereck habitat classification (6.55%; Table 4).

Lesser Yellowlegs habitat use model results
Variables retained from step one for further habitat use modeling
(i.e., those with w, > 0.50) were elevation, percent scrub canopy
cover, and year. For colonization, retained variables from step one
of model selection were elevation, forb/lichen/herbaceous, and
distance to wetland. For detection, retained variables were percent
scrub canopy cover, percent water on plot, scrub Viereck
classification, and visit (for full tables see Martin 2019).

In the second step of model selection, we analyzed all possible
combinations of covariates retained from the first step of model
selection. Variables with w, > 0.50 for habitat use in the final
analysis were elevation (w, = 0.914) and percent scrub canopy
cover (w, = 0.838). Colonization had no variables with w, > 0.50.
For detection, percent water on plot (w, = 0.754), scrub Viereck
classification (w, = 0.534), and visit (w, = 0.582) were the top
predictor variables (Table 5; for full tables see Martin 2019).

Use estimates for Lesser Yellowlegs decreased as elevation
increased (Fig. 2a; p = -0.010 % 0.003) and decreased as percent
scrub canopy increased (Fig. 2b; f = -0.076, = 0.031). We
estimated colonization probability as 0.159 + 0.002. The derived
estimate of extinction was zero. Only two plots out of 29 that had
birds detected in 2016 had no detections in 2017. To confirm our
extinction estimate, we re-ran the model with a derived
colonization estimate and a direct estimate of extinction. The
estimate of extinction remained zero in this model.

Across years, detection was higher during visit one than during
visit two (visit one p = 0.390 £ 0.086, visit two p = 0.228 + 0.063).
Detection estimates for Lesser Yellowlegs increased as percent
water on plot increased (B = 0.039 + 0.012) and increased when
the dominant vegetation type on plot was scrub (with scrub p =
0.558 = 0.109; without scrub p = 0.240 + 0.075).

DISCUSSION

Abundance estimation

Our results begin to address the data deficiencies identified by the
Alaska shorebird conservation plan (Alaska Shorebird Group
2019) and the Alaska Center for Conservation Science species
ranking system. We provide the first abundance estimates in the
interior boreal forest and reconfirm habitat associations for this
species. Based on current continental population estimates,
military lands in interior Alaska support 8% (5.83%-9.62%) of

all Lesser Yellowlegs estimated to breed in Alaska. As predicted,
lowland strata (TFTA River and TFTA Lowland) had higher
abundances of Lesser Yellowlegs (12,374 combined) than upland
strata (104 combined). Previous surveys, inventories, and
anecdotal evidence on or near the study site found frequent
occurrence of lowland birds such as Lesser Yellowlegs using the
lowland habitats of the boreal forest (Handel and Sauer 2017; J.
Mason, personal communication). Our results, based on a rigorous
sampling design, support this relationship, and are a reasonable
estimate given the number of Lesser Yellowlegs estimated to breed
in Alaska (24% of between 400,000 and 660,000 Lesser
Yellowlegs; Alaska Shorebird Group 2019). Our results either
suggest that the military lands in interior Alaska support a higher
abundance of Lesser Yellowlegs than other areas in the boreal
forest, or that the current continental population estimate for
Lesser Yellowlegs is too low.

Fig. 2. Probability of habitat use for Lesser Yellowlegs (7ringa
flavipes) decreased as elevation increased (2a) and decreased as
percent scrub canopy cover increased (2b). 95% confidence
intervals shown.
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Table 4. The variation in Lesser Yellowlegs (7ringa flavipes) abundance (¢?) explained by each habitat
covariate and corresponding standard errors (SE) are presented from variance components analysis
in Program MARK. Beta (f) estimates explain relationships between abundance and habitat
covariates. Upper and lower 95% confidence limits (CL) presented. No positive variance was explained
by percent water on plot or elevation and is designated with a *.

Habitat Covariate o’ Lower 95% Upper 95% p+SE Percent Variance
CL CL Explained
Intercept model 3.823 2.095 8.867 3.137£0.513 -
Distance to wetland 3.045 1.644 7.280 -0.003 = 0.001 20.371
Percent scrub canopy 3.470 1.884 8.214 -0.032 £ 0.019 9.249
Habitat 3.573 1.866 8.960 6.554
Forest 0.767 £ 1.802
Scrub -1.406 = 1.460
Percent water on plot 3.930 2.144 9.266 0.049 £ 0.067 *
Elevation 4.001 2.165 9.532 -0.002 = 0.004 *

Table 5. Cumulative Akaike’s Information Criterion (with a small
sample size correction; AIC ) weights for covariates (w,) analyzed
in step two of model selection for Lesser Yellowlegs (7ringa
flavipes) habitat use (), colonization (y), and detection
probability (p). Extinction (g) was derived. We relied upon AIC,
for model selection and used w, to identify most important
covariates. Covariates retained for second step of model selection
had w, > 0.50. Covariates for which we had no hypotheses for a
particular parameter are noted with NA (Not Applicable).

Covariate Habitat Use  Colonization  Detection
Ww (1w () w
Elevation 0914 0.387 NA
Percent scrub canopy 0.838 0.001 0.241
Percent water on plot NA NA 0.754
Distance to wetland NA 0.173 NA
Forest NA NA NA
Scrub NA NA 0.534
Forb/lichen/herbaceous NA 0.344 NA
Visit NA NA 0.582
Year 0.002 NA NA
Year*Visit NA NA NA

The power to extrapolate results from our study site on military
lands to the entirety of BCR 4 depends on how representative our
study site is of habitat typically found in the BCR. Because of its
sheer size, latitudinal and elevational span, the composition of
the entire BCR 4 is unlikely to resemble our study site that is just
0.69% of the BCR. Our estimate that 8% (5.83%-9.62%) of Lesser
Yellowlegs breeding in Alaska occur in an area that makes up less
than 1% of the BCR indicates that there are pockets of suitable
and unsuitable habitat, and the ratio of suitable to unsuitable
habitat is most likely different when the entire BCR is considered.

Variation in plot-level abundance was best explained by distance
to wetland (20.3%), percent scrub canopy cover (9.2%), and
habitat classification (6.5%). Abundance was positively related to
distance to wetland. We note that much of BCR 4 is classified as
wetland habitat.

Habitat use
More research has been conducted on shorebird habitat use
during migration at lower latitudes than on breeding grounds in

Alaska (e.g., Webb et al. 2010). We found many of the same habitat
variables that dictate migration stopover site selection and
informed initial hypotheses (e.g., vegetation height, shrub cover,
proximity to wetlands, and wetland size) are also important
determinants in Lesser Yellowlegs breeding site use (Steen et al.
2018). Critical habitat associations confirmed in this study are
mostly contained within state and federally managed lands in
BCR 4 (Alaska Shorebird Group 2019).

Elevation was a top predictor variable, and negatively correlated
with habitat use by Lesser Yellowlegs. This result is consistent
with current knowledge about lowland shorebird use of habitat
across North America (Gillespie and Fontaine 2017). Lowland
shorebirds, including Lesser Yellowlegs, are often associated with
river corridors, which are more often found at low elevations (<
600 m) on both Tanana Flats Training Area and Donnelly
Training Area. These birds are suspected to use lower habitat areas
that retain water and support food resources (Skagen and Knopf
1994).

Percent scrub canopy cover was a top predictor variable and
negatively correlated with Lesser Yellowlegs habitat use. As
climate change progresses, a change from lowland graminoid
habitats to more shrub dominated habitats is projected (Sturm et
al. 2005, Elmendorf et al. 2012). This “greening” projection
results in less suitable breeding habitat for lowland shorebirds,
especially for species using lowland graminoid habitats (i.e., low
percent scrub canopy cover). This greening trend could
potentially extend the distances required for lowland shorebirds
to migrate to suitable breeding habitats.

Lesser Yellowlegs detection increased in habitats dominated by
scrub vegetation. We predicted the opposite relationship and
thought denser shrub habitat provided more cryptic ground
covering for nests than other habitat types (e.g., forb/herbaceous
or barren ground) and observers would be less likely to see the
birds when nesting. One explanation for our result is that on a
plot with dominant scrub, Lesser Yellowlegs were more likely to
be perched or flying, making them more obvious for detection.

CONCLUSION

In this study we begin to understand the habitat types within BCR
4 that are most likely to be occupied by breeding Lesser Yellowlegs
and we extrapolate plot-level habitat use and abundance estimates
to the larger study site. The next step in extrapolation of these
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estimates to the entire BCR would be analyzing the role of
important covariates identified in this study, e.g., low elevation
and low percent scrub cover, throughout the BCR.

The conservation status of Lesser Yellowlegs is inconsistent
among international organizations, e.g., [UCN Red List data and
NatureServe, and federal or state organizations, e.g., U.S. Fish
and Wildlife Service and State of Alaska. The Lesser Yellowlegs
decline in recent decades is cause for alarm and an impetus to
reevaluate Lesser Yellowlegs’ classifications at both a local and
international scale. Some important migratory and wintering sites
are protected, many through the Western Hemisphere Shorebird
Reserve Network, but breeding sites like the interior boreal forest
of Alaska support relatively high numbers of Lesser Yellowlegs
and have no protected status (Clay et al. 2012, Tibbitts and
Moskoff 2020). We believe further focus on such breeding areas
is warranted.
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