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Change in altitudinal distribution of Newfoundland Gray-cheeked Thrush
(Catharus minimus minimus) revealed through historical stop-level breeding
bird survey data

Cambio en la distribucion altitudinal del Zorzal de Cara Gris de Terranova (Catharus
minimus minimus) revelado a través de datos historicos de los muestreso de aves
reproductoras a nivel de parada

Gabrielle Robineau-Charette’, Darroch M. Whitaker® and Ian G_ Warkentin®

ABSTRACT. Breeding bird survey (BBS) data are typically analyzed at the route level in which the average or combined total number
of individuals across the 50 stops is treated as a single observation. However, analysis at the stop level may provide information on
finer-scale habitat affiliations of species within the broader landscape, as well as changes in species distribution over time. Though once
abundant, the Newfoundland Gray-cheeked Thrush (Catharus minimus minimus) underwent a dramatic population collapse across
most of the island during the 1980s and 1990s and today is most common in montane forests. The reason for this collapse is not well
understood but introduced North American red squirrels (Tamiasciurus hudsonicus), which colonized most forested areas on the island
below ~400 m from the late 1970s through the mid-1990s, have been identified as a possible cause. To improve our understanding of
changes in the elevational distribution of Gray-cheeked Thrushes, we compared stop-level BBS data from two periods. Our historic
period from 1974-1984 corresponds with the initial expansion phase of introduced red squirrels, whereas that from 2000-2015 reflects
a period during which the colonization of suitable habitat by squirrels was complete. We used 17 routes (850 stops) where the thrushes
had been observed and there were at least 3 surveys completed during each period. Surveys during the 1970s and 1980s indicated that
Gray-cheeked Thrushes were abundant at all elevations sampled by the BBS (0-450 m), with higher incidence below 100 m and above
300 m; in contrast, recent surveys indicate that the species is now essentially absent below 350 m. This finding highlights the value of
historical stop-level BBS data for reconstructing changes in species distributions and is consistent with the hypothesis that red squirrels
have adversely affected Newfoundland Gray-cheeked Thrushes.

RESUMEN. Los datos de los muestreos de aves reproductoras (BBS, por sus siglas en inglés) suelen analizarse a nivel de ruta, en el
que el numero total medio o combinado de individuos a lo largo de las 50 paradas se trata como una tinica observacion. Sin embargo,
el analisis a nivel de parada puede proporcionar informacion sobre asociaciones de habitat de las especies, a escala mas fina dentro de
un paisaje mas amplio, asi como cambios en la distribucion de las especies a lo largo del tiempo. Aunque abundante en el pasado, el
Zorzal de Cara Gris de Terranova (Catharus minimus minimus) sufriéo un dramatico colapso poblacional en la mayor parte de la isla
durante las décadas de 1980 y 1990 y hoy es mas comun en los bosques montanos. La razon de este colapso no se conoce bien, pero la
introduccidn de las ardillas rojas norteamericanas (Tamiasciurus hudsonicus), que colonizaron la mayoria de las zonas boscosas de la
isla por debajo de ~400 m desde finales de los 70 hasta mediados de los 90, ha sido identificada como una posible causa. Para mejorar
nuestra comprension de los cambios en la distribucion altitudinal de los Zorzales de Cara Gris, comparamos los datos del BBS a nivel
de parada de dos periodos. Nuestro periodo histérico de 1974-1984 se corresponde con la fase inicial de expansion de las ardillas rojas
introducidas, mientras que el de 2000-2015 refleja un periodo durante el cual la colonizacion del habitat adecuado por las ardillas fue
completa. Se utilizaron 17 rutas (850 paradas) en las que se habian observado los zorzales y se realizaron al menos 3 muestreos durante
cada periodo. Las encuestas realizadas durante los anos 70 y 80 indicaron que los Zorzales de Cara Gris eran abundantes en todas las
elevaciones muestreadas por el BBS (0-450 m), con una mayor incidencia por debajo de 100 m y por encima de 300 m; por el contrario,
las encuestas recientes indican que la especie esta ahora esencialmente ausente por debajo de 350 m. Este hallazgo pone de relieve el
valor de los datos historicos del BBS a nivel de parada para reconstruir los cambios en la distribucion de las especies y es consistente
con la hipotesis de que las ardillas rojas han afectado negativamente a los Zorzales de Cara Gris de Terranova.

Key Words: boreal montane forest; breeding bird survey; elevation distribution; elevational refugium, introduced nest predator; range
contraction; stop-level analyses

INTRODUCTION of BBS routes are now surveyed along secondary roads across
The breeding bird survey (BBS) was established in 1966 to North America each year, with each route consisting of 50 stops
generate continental-scale population monitoring data for a evenly spaced at fixed locations along a 39.2 km (24.5 mile) route.
broad range of bird species but with a particular focus on During a survey, the observer records all birds seen and heard
songbirds (Downes et al. 2016, Hudson et al. 2017). Thousands during a three-minute silent point count at each stop. Breeding
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bird survey data have traditionally been analyzed based on
observations from the entire route considering the combined total
or average number of individual species observed across all 50
stops (Betts et al. 2022). However, BBS data include finer-scale
information at the individual stop level that may be of value for
research and conservation because it reflects the responses of
individual birds to local variation in the environment that
ultimately affect the distribution or occurrence of species (Veech
and Crist 2007, Niemuth et al. 2017). Concerns were raised about
the relative value of digitizing historical stop-level BBS data given
the amount of effort required and the fact that the high resolution
of stop-level data is poorly matched to the large-scale monitoring
focus of the BBS (O’Connor et al. 2000). Nevertheless, the advent
of technological advances including large-scale satellite imagery,
digital maps of landform and landcover, global positioning
systems, and increased computing power have increased the
potential to harness the finer-scale information in BBS data
(Downes et al. 2016) and BBS data collected since 1997 have been
digitized at the stoplevel (Hudsonetal. 2017). Although the recent
stop-level BBS data are useful for assessing contemporary species
distributions (Stralberg et al. 2015), historical BBS data may
contain novel information on the distribution of species that have
declined or disappeared from an area, as well as on changes in
species distributions as a result of environmental stressors
(McElhone et al. 2011, Betts et al. 2022). Consequently, efforts
are underway to digitize historical stop-level BBS data from the
original field data sheets (Downes et al. 2016, Hudson et al. 2017).
Analyses of these historical stop-level data may offer important
retrospective information for species of conservation concern that
cannot be obtained from any other datasets today and may
elucidate patterns of change or even possible reasons for such
change.

Gray-cheeked Thrushes (Catharus minimus) breed across the
northern boreal forest from Alaska to Newfoundland and
Labrador, typically occupying dense conifer and broadleaf
thickets (Whitaker et al. 2020). Remoteness of most breeding
areas and the species’ furtive behavior have hindered study, and
as a result, it remains one of the least understood boreal forest
songbirds (Whitaker et al. 2020). Two subspecies of Gray-cheeked
Thrushes have been recognized (Fitzgerald et al. 2017, Whitaker
et al. 2020); the Newfoundland subspecies (C. m. minimus), which
occurs on the island of Newfoundland and along the north shore
of the Gulf of St. Lawrence, and the Northern subspecies (C. m.
aliciae), which is found from central Labrador westward through
Alaska. Although populations of the northern subspecies are
relatively stable (Smith et al. 2020), the Newfoundland subspecies
has experienced a dramatic decline and in 2015 was listed as
threatened under the provincial Endangered Species Act based
primarily on route-level BBS data analyses suggesting a ~95%
decline (Whitaker 2010, Smith et al. 2020). During the 1970s and
early 1980s, the Gray-cheeked Thrush was an abundant and
widespread species on the island. It was detected during 75% of
BBS surveys (mean 6.11 thrushes per survey; 115 surveys of 25
routes; Smith et al. 2020) and nearly one-third of surveys observed
10 or more individuals, with a maximum of 38 during 1 survey.
By contrast, since 1988, no BBS survey has recorded more than
3 Gray-cheeked Thrushes on Newfoundland, and from 2010-2019
this species was only detected during 9% of BBS surveys (mean
0.13 thrushes per survey; 197 surveys of 27 routes; Smith et al.
2020).
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The cause(s) of the sudden decline of Gray-cheeked Thrushes on
Newfoundland are still being assessed. Habitat loss or
degradation through timber harvesting have the potential to
impact populations of forest birds (Thompson et al. 1999,
Lamarre and Tremblay 2021, Betts et al. 2022), but the conifer
scrub and montane forest favored by Gray-cheeked Thrushes on
the island is seldom cut, and research also suggests that these
thrushes are frequently associated with regenerating clearcuts
(Whitaker et al. 2015, McDermott 2021). Likewise, protected
areas on the island, like national parks, have shown sharp
reductions in numbers of Gray-cheeked Thrushes (Jacques
Whitford Environment 1993). Introduced species have also been
tied to species extinctions across a wide range of taxa (Bellard et
al. 2016), and avian species have been particularly vulnerable to
becoming imperiled or extirpated when mammalian predators
have been introduced to islands (Doherty et al. 2016). North
American red squirrels (Tamiasciurus hudsonicus), known to
cause high nest failure rates in the closely related Bicknell’s Thrush
(Catharus bicknelli, Wallace 1939, McFarland et al. 2008) were
introduced to Newfoundland in 1963 and 1964 and subsequent
translocations led them to become widespread and abundant
across most of the island by the mid-1990s (Minty 1976, Payne
1976, Goudie 1978, Whitaker 2015). This apparent synchrony
between the rapid spread of squirrels across Newfoundland and
the sudden decline of the Gray-cheeked Thrush population, as
well as the known impact of squirrels on the closely related
Bicknell’s Thrush (McFarland et al. 2008), has led to the
hypothesis that the two were linked (Whitakeretal. 2015). Though
they have received limited study on Newfoundland, recent
research indicated that red squirrels are most abundant at lower
elevations, becoming rare above ~300 m and absent above ~500
m (McDermott et al. 2020). Conversely, Gray-cheeked Thrushes
have remained relatively abundant in montane forest ecosystems
(Whitaker et al. 2015, McDermott 2021). Finally, degradation or
loss of winter habitat in South America could also be a stressor
affecting Gray-cheeked Thrushes that breed on Newfoundland
(Whitaker et al. 2018). However, if impacts during the non-
breeding period have driven the decline of the breeding
population on Newfoundland, this might be expected to have
equally affected the species across all elevations on
Newfoundland.

We sought to expand on previous route-level analyses of Gray-
cheeked Thrush population status (Whitaker 2010) and localized
surveys (Lamberton 1976a, b, Whitaker et al. 2015, McDermott
2021). We accomplished this by comparing stop-level BBS data
from historical (1974-1984) and recent (2001-2015) periods to
quantify the apparent change in the elevational distribution of
Gray-cheeked Thrushes on Newfoundland. The historical data
correspond with the initial expansion phase of introduced red
squirrels, whereas by the recent period the colonization of suitable
habitat by squirrels was complete (Whitaker 2015). Quantifying
change could lead to improved understanding of the limiting
factors and stressors hypothesized to have contributed to the
population decline on Newfoundland. It has already been
documented that this species was historically abundant at both
low and high elevations but today is only common at high
elevations and on some coastal islands (Lamberton 1976a, b,
Whitaker 2010, Whitakeretal. 2015, McDermott 2021). However,
it is not clear whether they used to be evenly distributed across
all elevations or if they had some other distribution such as the
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Fig. 1. Topographic map of the island of Newfoundland showing the 17
breeding bird survey routes included in our analyses (solid yellow) as well as
additional routes that were not included (dotted yellow), either because they
were not surveyed at least 3 times from 1974-1984 and 2001-2015, or because
Gray-cheeked Thrushes (Catharus minimus) have never been observed on that
route.
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bimodal pattern displayed by Bicknell’s Thrushes, which were
historically common on coastal islands and in montane forests of
Nova Scotia, New Brunswick, and Québec but did not occur at
intermediate elevations (Townsend et al. 2020).

METHODS

Newfoundland is the largest island in the circumpolar boreal
biome (> 108,000 km?) and falls within bird conservation region
8 (Boreal Softwood Shield; Environment Canada 2013). Terrain
rises to > 800 meters above sea level (m.a.s.l.) in the Long Range
Mountains of western Newfoundland (Fig. 1), and landcover is
dominated by conifer and mixed boreal forest in a mosaic with
extensive bogs and coastal and alpine barrens (Damman 1983).
Coastal and montane forests are exposed to high winds, leading

to extensive cover of stunted, dense conifer scrub (“krumholtz”),
which is dominated by balsam fir (4bies balsamea) and black
spruce (Picea mariana; Damman 1983).

The first 2 BBS routes on Newfoundland were surveyed in 1974,
these plus 6 other routes were surveyed a total of 10 times during
the 1970s. This was followed by an intensive survey effort from
1980-1984, when most of the BBS route network on the island
was established and 23 routes were surveyed. However, BBS effort
then dropped, and most routes were abandoned until a renewed
effort was launched in the early 2000s. Since then, most of the
original routes have been reactivated and some new routes have
been established to give a new total of 25 routes on the island,
and survey efforts have been more consistent (Pardieck et al. 2016,
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Smith et al. 2020). Because of the limited BBS coverage from 1985
to~2000, we restricted our analyses to two periods: (1) 1974-1984,
when Gray-cheeked Thrushes were still common and widespread
and before squirrels had widely expanded, and (2) 2001-2015,
after the thrush population had declined and colonization of
suitable habitat by squirrels was essentially complete (Whitaker
2015). We further restricted our analyses to include only those
BBS routes where a Gray-cheeked Thrush had been observed at
least on one occasion during either period, and which had been
surveyed at least three times during each period. Stop-level counts
of Gray-cheeked Thrushes for each of these routes, each year in
our two focal periods, along with the geographic coordinates for
each stop, were obtained through a special request to
Environment and Climate Change Canada. We estimated the
elevation of each stop from the national CanVec digital elevation
geospatial database, available under the Government of Canada’s
open government license https://open.canada.ca/en. Historical
land cover data were not available for our study area.

We analyzed the BBS data using generalized additive models
(GAMs; Zuur et al. 2009), which allowed the fitting of smoothed,
non-linear relationships between continuous response and
explanatory variables. Models were fit in R using the package
mgcv and included time period (a factor) and elevation (fit by
time period) as explanatory variables (R Core Team 2017, Wood
2021). We also explored analyses using generalized additive mixed
models (GAMMs; Zuur et al. 2009) with route included as a
random effect but model fit was poor. Closer examination
revealed that the range of elevations among the 50 stops along
each route was limited (Fig. 2), so route was a strong predictor of
elevation (Fleg33 = 194, p < 0.001, r2adj = 0.784) and acted as a
proxy for elevation in the mixed models. Because route and
elevation were confounded and could not be included in the same
model, we reverted to the simpler fixed effects model (i.e., GAM);
interpreting this fixed effects model was based on the assumption
that the limited sampling of high elevation routes was nonetheless
representative of high elevation locations. Our first model
assessed the relationship between the presence/absence of a thrush
during each time period and elevation, and used a binomial error
distribution for presence/absence data (0/1) and a clog-log link
function, which is more effective for datasets with a
disproportionate number of zeros (Zuur et al. 2009). In the second
analysis, we used the actual count of thrushes at each point as a
function of elevation, again with time period as a main effect but
using a negative binomial error distribution with a log link
function, as suggested for over-dispersed data (Zuur et al. 2009).
For the smoothed term in both models (i.e., elevation) we specified
a value of k = 4; k is akin to the maximum number of knots
(turning points) in the curve and constrains the maximum
effective degrees of freedom (EDF; i.e., complexity) for the fitted
curve to k - 1 (i.e., 3 in this instance; Wood 2017).

RESULTS

Seventeen BBS routes (total 850 stops) met our criteria for
inclusion (Fig. 1). Though these BBS routes are widely distributed
across Newfoundland, many follow roads connecting coastal
communities and thus are strongly biased toward sampling lower
elevations (Fig. 2). Just 52% of the island lies below 200 m.a.s..
but 91% of stops fell below this level; similarly the highest
elevation stop was just 437 m.a.s.l. but 7% of the island (7674
km?) exceeds 450 m.a.s.l. Sampling effort varied between periods,
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with routes being surveyed an average of 4.9 times each from
1974-1984 and 8.4 times each from 2001-2015, creating total
samples of 4200 (1974-1984) and 7150 (2001-2015) stop-level
counts. The average incidence was 7.20 Gray-cheeked Thrushes/
route from 1974-1984 and 0.25 thrushes/route from 2001-2015.
On a per-stop basis, the mean probability of observing a thrush
was 0.152 from 1974-1984 (range 0-3, present at 527 of 4200 stops)
versus a mean probability of 0.004 from 2001-2015 (range 0-2,
present at 27 of 7150 stops), indicating a 97% reduction in thrush
occurrence rate along routes between the 2 periods.

Fig. 2. Elevation range of stops along each of 17 breeding bird
survey (BBS) routes on Newfoundland (top) and combined
elevation distribution of all 850 stops across these 17 routes, as
well as the elevation distribution of land on the island of
Newfoundland (bottom). For the top figure, values presented
are the median (horizontal line), first and third quartiles
(boxes), * 1.5 times the interquartile range (whiskers) with
stops outside that range illustrated by open circles.
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Our model of Gray-cheeked Thrush occurrence as a function of
elevation explained 21.2% of the deviance in the data and
indicated a significant reduction in occurrence rate along routes
between periods (z = -17.22, P < 0.001). Elevation was a highly
significant predictor of occurrence in both periods (1974-1984:
EDF = 2.604, x> = 26.46, P < 0.001; 2001-2015: EDF = 2.665, x*
=23.66, P <0.001). However, the relationship between presence/
absence of Gray-cheeked Thrushes and elevation differed
between periods (Fig. 3). During the 1974-1984 period,
occurrence was highest at high elevations, lowest at mid elevations,
and intermediate along the coast (Fig. 3), whereas during the
2001-2015 period, thrush occurrence was near zero at all but the
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Fig. 3. Incidence (top) and mean number (bottom) of Gray-
cheeked Thrushes (Catharus minimus) at breeding bird survey
(BBS) stops as a function of elevation across 17 BBS routes on
Newfoundland sampled during 2 time periods, 1974-1984 and
2001-2015. The model assessed the interaction between time
period and elevation and was fit using a generalized additive
model with either a binomial error distribution and a clog-log
link function (top; incidence of thrushes) or a negative
binomial error distribution and a log link function (bottom;
number of thrushes).
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highest elevations. Confidence limits around these lines of best
fit increased with elevation because of the smaller number of BBS
stops at higher elevations.

Incorporating actual counts of Gray-cheeked Thrushes detected
per BBS stop produced a stronger model that explained 30.8% of
the deviance in the data. Otherwise, this second model had almost
identical results to our model using thrush occurrence as the
response variable. Again, we found that counts of thrushes were
significantly lower during 2001-2015 than during 1974-1984 (z
=-18.33, P < 0.001). Likewise, elevation was a highly significant
predictor of presence in both periods (1974-1984: EDF = 2.508,
x> =21.74, P < 0.001; 2001-2015: EDF = 2.736, x> = 22.26, P <
0.001) and showed the same patterns of change in distribution
across elevations as did our occurrence model (Fig. 3).
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DISCUSSION

Analyses of BBS data at the level of individual stops yielded
valuable new information about changes to the historical
distribution of the population of Gray-cheeked Thrushes on
Newfoundland. Although the overall decline of this population
had already been documented through route-level analysis of BBS
data as well as local studies (Jacques Whitford 1993, Whitaker
2010, Fitzgerald et al. 2017), our finer-scale analysis provided
evidence that there has been a contraction in the distribution of
this imperiled island endemic subspecies. Specifically, our analysis
showed that from 1974-1984 the thrushes were common below
~100 m and abundant at elevations above ~300 m but were less
common at intermediate elevations. This is consistent with
historical studies and the observations of birdwatchers as well as
with the species reported affinity for dense coastal scrub (Peters
and Burleigh 1951, Lamberton 1976a, b, Vasallo and Rice 1981,
Mactavish 1988, Marshall 2000). In stark contrast, contemporary
stop-level BBS data showed unequivocally that the species is now
almost extirpated below 350 m, and overall evidence suggests that
the majority of the contemporary population occurs in
geographically limited high-elevation refugia. Although in this
analysis the latter pattern is truncated by the limited elevation
range of the BBS route network and a paucity of data above 200
m, it shows a striking similarity to findings of recent localized
distributional studies that show a steady increase in the abundance
of Gray-cheeked Thrushes at elevations from 350 to ~600 m.a.s.
1. along the eastern slope of the Long Range Mountains (Whitaker
et al. 2015, McDermott 2021). Similarly, in the 1970s, this species
was abundant in lowland and mountainous portions of Gros
Morne National Park. However, they had disappeared at low
elevations by 1992 and now are only common in the montane
forests of the park (Lamberton 1976a, Jacques Whitford 1993,
Rae 2014; D. M. Whitaker, unpublished data).

Our results are consistent with the hypothesis that the
Newfoundland population of Gray-cheeked Thrush was
adversely affected by the introduction of red squirrels. A temporal
correlation between the spread of red squirrels and the
disappearance of thrushes has already been documented
(Whitaker 2010, Whitaker et al. 2015). In 2016 and 2017,
McDermott (2021) conducted colocated surveys for thrushes and
squirrels across an elevation gradient from 75 to 608 m.a.s.l. and
documented strong elevational segregation between the 2 species,
with squirrels primarily occurring below 300 m.a.s.1. and thrushes
almost entirely above 350 m.a.s.l. There is a striking similarity
between this novel contemporary distribution of Gray-cheeked
Thrushes on Newfoundland and that of the Bicknell’s Thrush in
its Maritime Canada and U.S. breeding range, which is also
thought to be strongly impacted by red squirrels at lower
elevations (McFarland et al. 2008, Hill et al. 2019). Although
montane areas appear to be serving as a contemporary refuge for
Newfoundland Gray-cheeked Thrushes, it is unclear how long
this situation will persist in the face of climate warming and land
use change (McDermott et al. 2020, McDermott 2021).

Our study demonstrates the potential of stop-level BBS data for
quantifying long-term changes in the distribution of species of
conservation concern, though the power of such assessments will
be greater where both historical and current land cover data are
available. It also highlights a limitation of the BBS route network
on Newfoundland because of the strong bias toward low
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elevations, with just 9% of stops along the 17 routes we examined
occurring above 200 m.a.s.l. Other BBS routes have been
established on the island, but these are also located in coastal, low
elevation areas where most secondary roads are found (Fig. 1).
An unfortunate consequence of this is that even though the BBS
provides critical historical data documenting the disappearance
of the once abundant coastal population of the Newfoundland
Gray-cheeked Thrush, it is of little value for monitoring this
species now that it is largely restricted to montane forests. Further,
an analysis of the distribution of 32 common bird species across
the eastern slope of the Long Range Mountains by McDermott
et al. (2021) found that 12 species had higher rates of occupancy
at higher elevations, while another 13 species showed decreased
occupancy with increasing elevations. This indicates that as in
other areas (Mizel et al. 2016, Ralston and DeLuca 2020), the
boreal bird community on Newfoundland is strongly structured
by elevation and thus highlights a shortcoming of the BBS for
monitoring several widespread species such as Blackpoll Warbler
(Setophaga striata) and Fox Sparrow (Passerella iliaca).
However, < 14% of Newfoundland exceeds 375 m.a.s.l., and road
access at higher elevations is limited and primarily occurs in the
form of unpaved, poorly maintained resource roads that are ill-
suited for long-term BBS routes. Thus, the solution may not lie
in expansion of the BBS route network on the island but rather
in more targeted monitoring approaches, such as breeding bird
atlases and Mountain Birdwatch (Davidson et al. 2015, Torrenta
2021).
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