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ABSTRACT. Marking wild birds is an integral part of many field studies. However, if marks affect
the vital rates or behavior of marked individuals, any conclusions reached by a study might be biased
relative to the general population. Leg bands have rarely been found to have negative effects on birds and
are frequently used to mark individuals. Leg flags, which are larger, heavier, and might produce more drag
than bands, are commonly used on shorebirds and can help improve resighting rates. However, no one to
date has assessed the possible effects of leg flags on the demographic performance of shorebirds. At seven
sites in Arctic Alaska and western Canada, we marked individuals and monitored nest survival of four
species of Arctic-breeding shorebirds, including Semipalmated Sandpipers (Calidris pusilla), Western
Sandpipers (C. mauri), Red-necked Phalaropes (Phalaropus lobatus), and Red Phalaropes (P. fulicarius). We
used a daily nest survival model in a Bayesian framework to test for effects of leg flags, relative to birds
with only bands, on daily survival rates of 1952 nests. We found no evidence of a difference in nest
survival between birds with flags and those with only bands. Our results suggest, therefore, that leg flags
have little effect on the nest success of Arctic-breeding sandpipers and phalaropes. Additional studies are
needed, however, to evaluate the possible effects of flags on shorebirds that use other habitats and on
survival rates of adults and chicks.

RESUMEN. Efecto de marcadores bandera en la sobrevivencia del nido de cuatro
especies de playeros que anidan en el �Artico
El marcaje de aves silvestres es parte integral de muchos estudios de campo. Sin embargo, si dichas marcas
afectan las tasas vitales o el comportamiento de los individuos marcados, cualquier conclusi�on alcanzada en un
estudio podr�ıa tener sesgos en relaci�on con la poblaci�on general. Los anillos en las patas rara vez han sido
encontrados como causantes de efectos negativos y son usados con frecuencia para marcar individuos. Las
marcas bandera que se ponen en las patas, que son m�as grandes, m�as pesadas y podr�ıan producir mayor
resistencia que los anillos, son com�unmente utilizados en playeros y podr�ıan mejorar la tasa de reavistamiento.
A pesar de ello, hasta la fecha nadie ha determinado los posibles efectos de las banderas en el desempe~no
demogr�afico de los playeros. En siete sitios de Alaska y el occidente de Canad�a, marcamos individuos y
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observamos la sobrevivencia de nidos de cuatro especies de aves que anidan en el �Artico, incluyendo Calidris
pusilla, C. mauri, Phalaropus lobatus y P. fulicarius. Utilizamos en un modelo bayesiano de sobrevivencia diaria
del nido para someter a prueba el efecto de las banderas comparado con aves que �unicamente portaban anillos
en 1952 nidos. No encontramos evidencia de una diferencia en la sobrevivencia del nido entre aves con
banderas y aquellas que solamente ten�ıan anillos. Por lo tanto, nuestros resultados sugieren que los marcadores
bandera que se ponen en las patas de los playeros tienen un efecto peque~no en el �exito de los nidos de
Calidris y Phalaropus que anidan en el �Artico. Empero, se requieren estudios adicionales para evaluar los
posibles efectos de las banderas en playeros que usan otros h�abitats as�ı como en las tasas de sobrevivencia de
adultos y polluelos.

Key words: bands, markers, reproductive success, tags, waders

Individually marking birds can provide
information about migratory connectivity,
dispersal, survival rates, and reproductive suc-
cess (Andres 2008). However, markers can
negatively affect birds, potentially producing
results that are unrepresentative of the larger
population (Calvo and Furness 1992). Even
small markers such as metal or plastic bands
can result in injury to legs and toes (Calvo
and Furness 1992, Fair et al. 2010). Such
injuries appear to be rare and may result from
bands that were improperly applied or sized.
However, detecting detrimental effects of
bands is difficult, especially if the survival of
affected individuals is compromised, which
could explain the low frequency of reported
effects (e.g. ~ 5% of studies reviewed by
Calvo and Furness 1992).

In addition to injuries, effects of marking
on demographic rates have been observed
(Calvo and Furness 1992, Fair et al. 2010).
Marking has sometimes been associated with
birds abandoning nests or broods, but
whether such abandonment is due to the
stress of capture and handling rather than
marking per se is often unclear (Calvo and
Furness 1992). Other documented effects on
reproduction include mate selection for or
against marked individuals (Burley et al.
1982, Brodsky 1988), removal of banded
chicks from nests by parents (Lovell 1945),
and reduction in rates of nestling survival
when chicks or parents have bands with par-
ticular colors (Hagan and Reed 1988).
Markers larger than leg bands might be

more likely to negatively affect birds. Larger
markers such as geolocators or radio tags can
be heavier and increase drag in air or water,
thereby increasing energetic costs, and can
reduce survival rates, return rates of migratory
species, or reproductive success (Barron et al.
2010, Pennycuick et al. 2012, Costantini and
Møller 2013, Chivers et al. 2015, Weiser
et al. 2016, Bodey et al. 2017). In recent dec-
ades, leg flags made of hard plastic have been
widely used on migratory shorebirds (Clark
1979, Clark et al. 2005). Flags are UV-
resistant plastic strips shaped to wrap around
legs like color bands, but with a tab that
extends from the leg, increasing its conspicu-
ousness and thus the chances that an individ-
ual will be resighted and reported (Clark
1979). Double-marking individuals with both
flags and a unique combination of color
bands can help ensure correct identification of
individual birds by observers (Roche et al.
2014). Resighting accuracy may be higher for
flags than color bands in some conditions,
but not all (Burns et al. 2010, Roche et al.
2014). However, flags are larger and heavier
than bands, and thus could be more likely
than bands to affect birds through energetic
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costs, drag, or physical effects such as damage
to eggs.
Despite their widespread use in studies of

shorebirds and previous evidence that markers
can negatively affect birds, no one to date has
examined the possible effects of plastic leg
flags on birds. If leg flags affect the behavior
or survival of breeding shorebirds or if flags
damage eggs, nest survival rates might be
lower for shorebirds with leg flags. We exam-
ined the possible effects of leg flags on daily
nest survival rates of four species of Arctic-
breeding shorebirds by comparing nests of
adults with both leg flags and bands to nests
of adults with only leg bands.

METHODS

Data collection. We marked shorebirds
and monitored nests at seven sites in Arctic
Alaska and western Canada. From 2010 to
2014, we followed a common set of field pro-
tocols and data formats developed for the
Arctic Shorebird Demographics Network
(ASDN; Brown et al. 2014, Weiser et al.
2017, 2018) at all sites, as described briefly
below. Data were collected using similar
methods from 1993 to 1999 at Nome, Alaska
(Sandercock et al. 1999), and from 2003 to
2009 at Utqia _gvik (formerly Barrow), Alaska
(Saalfeld and Lanctot 2015). Personnel with
the ASDN monitored > 30 species of shore-
birds across 16 field sites, but, for the present
analysis, we used a subset of four species and
seven study sites (Table 1) with sufficient data
for individuals both with and without leg
flags. Our four focal species have incubation
periods of 19–20 d, and range in body mass
from 26 g (Semipalmated Sandpiper) to 49 g
(Red Phalarope; Weiser et al. 2017). Semipal-
mated and Western sandpipers are socially
monogamous with biparental incubation of
clutches (Bulla et al. 2016), whereas Red-
necked and Red phalaropes are polyandrous
with incubation by males only (Rubega et al.
2000, Tracy et al. 2002). We excluded female
phalaropes from consideration in our study
because they were rarely banded and do not
incubate eggs.
We located shorebird nests by observing

distraction displays or by walking or rope-
dragging to flush incubating birds from nests.
We estimated the age of each clutch at dis-
covery based on the number of eggs if the

clutch was incomplete, or by floating the
eggs in water (Sandercock 1998, Liebezeit
et al. 2007). We used the estimated clutch
age and published estimates of the duration
of incubation periods to predict expected
hatch dates for nest-monitoring purposes.
We visited nests every 3–5 d during incuba-
tion, every second day starting 4 d before
the expected hatch date, and daily when
signs of hatching, such as pipping or star-
cracking, were found.
We recorded a nest as hatched if at least

one newly hatched chick was observed in the
nest, or if eggshell fragments indicative of
hatching were found in the nest within 4 d
of the expected hatch date (Mabee 1997,
Brown et al. 2014). We classified nests as
failed if all eggs disappeared more than 4 d
before the predicted hatch date or if there
was other evidence of failure, such as signs of
predation or abandonment (Mabee 1997,
Brown et al. 2014). We recorded nest fate as
unknown if we found unclear or conflicting
evidence of the fate, such as when all eggs
disappeared within 4 d of hatching with no
clear evidence of either hatching or predation.
Shorebird chicks leave their nests within a
day of hatching, so we did not track chick
survival.
For a concurrent study of adult survival,

we captured unbanded adults on nests during
incubation, usually with a bownet or a walk-
in trap, but occasionally with mist-nets near
nests (Brown et al. 2014, Weiser et al. 2018).
We occasionally captured previously banded
adults to either confirm their identity or col-
lect blood or feather samples. The probability
of capture varied between marker types as
marking regimes shifted over time (e.g.,
banded birds were targeted for recapture
when the use of flags was initiated), and daily
survival rates (DSR) were significantly higher
for nests where an adult was captured because
nests must survive long enough for a capture
attempt (ASDN, unpubl. data). We therefore
included only nests where at least one adult
had been captured to minimize differences
between the marker groups. Estimates of
DSR from the subset of nests included in our
study were thus expected to be slightly higher
than estimates for the entire population
(Weiser et al. 2017).
We marked each captured adult with a

numbered metal band and a unique
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combination of leg bands (Sandercock et al.
2000, Weiser et al. 2018). All individuals
received a metal band, most received color
bands (usually 3–4; 13 nests had parents with
metal bands only; Fig. 1A), and 65% received
a leg flag, with or without an alphanumeric
code, in addition to color bands (Table 1,
Fig. 1B). Marking regimes were determined
by species, study site, and year (Table S1),
and were not related to any characteristics of
the individuals captured. Flags were more
often used on Semipalmated and Western
sandpipers in later years than in earlier years
of our study because ASDN protocols recom-
mended use of flags on those species from
2010 to 2014 (Brown et al. 2014). In con-
trast, use of flags on phalaropes became less
common over time, following ASDN recom-
mendations to avoid use of flags on phala-
ropes in response to concerns about the
potential for icing of the legs (Brown et al.
2014).
In the initial years of the study, flags were

shaped from flat pieces of Darvic obtained
from Haggie Engraving (Millington, MD). In
later years, we used pre-shaped plain or
engraved flags from Interrex-Rings (Lodz,
Poland). In some cases, we sanded rough
edges of the flags before application. We did
not file down the corners of the flags, but
corners of the Interrex-Rings flags were
already rounded. When applied, we sealed the
flat tabs of each flag together with a soldering
iron or adhesives such as plastic or PVC sol-
vent or cyanoacrylate glue. After application,
the tab of flags (not including the ring
around the leg) measured 9-12 9 5-6 9
1-1.25 mm (size 1A and 1B bands as per the
U.S. Geological Survey). We excluded a sub-
set of nests where adults were fitted with
tracking devices (radio-transmitters or geolo-
cators) because such tags can negatively affect
demographic rates of some small shorebirds
(Weiser et al. 2016).
For some nests, one parent was not

observed, so its marker status was unknown.
We considered a nest to be associated with a
leg flag if at least one parent with a flag was
either observed or captured at the nest. If
only adults (one or both) with color bands or
metal bands, but no flags, were observed at a
nest, we included the nest in the bands-only
category. If only unbanded birds were
observed, nests were excluded from our study

because we could not be sure that both par-
ents were unbanded at sandpiper nests (being
unable to distinguish one unbanded bird
from another). Also, by including only nests
where at least one adult was captured as
described above, we had already eliminated
almost all nests with only unbanded parents
from the analysis because adults were released
without bands only in rare circumstances
(escaped or injured adult). A nest was placed
in the corresponding category for the entire
incubation period, regardless of when during
incubation the flag was applied (mean nest
age at capture = 6 � 4 [SD] d, range
spanned the full incubation period).

Data analysis. We conducted an analysis
of DSR of nests in a Bayesian framework,
which allowed for the inclusion of patchy
data and helped to address the fact that mar-
ker types were sometimes segregated by study
site and year (Table S1; Brown and Collopy

A

B

Fig. 1. Examples of the types of markers included
in our study, shown here on Semipalmated Sand-
pipers at Nome, Alaska (photos by ELW). (A) Leg
bands only (no flag), or (B) leg bands plus flag,
here engraved with a unique alphanumeric code;
some flags were not coded. [Color figure can be
viewed at wileyonlinelibrary.com]

Effects of Leg Flags on Nest SuccessVol. 89, No. 3 291



2012, Halstead et al. 2012). Unknown nest
fates were treated as missing data for the days
following the last confirmed record that a nest
was active.
We first tested three model structures to

evaluate an appropriate modeling framework.
The first structure involved species-specific
models, each run separately, with nests
divided into three groups: no flags on parents
(only birds with bands were observed at the
nest), one parent observed with a flag, and
two parents observed with flags. The last
group did not apply to phalaropes, where
only males incubate eggs. In sandpipers, both
parents were not always observed, so the
number of flagged parents attending a nest
could have been underestimated. Second, after
finding no evidence of a difference between
one flagged parent versus two flagged parents
(Fig. 2A), we modeled a single effect of pres-
ence versus absence of flagged parent(s) to
improve precision around the estimated effect
(Fig. 2B). Third, we modeled all species
together in a single model, while allowing the
flag effect (presence versus absence) to vary by
species, by applying a random effect of species
to the slope under the assumption that the
flag effects for all species were drawn from the
same distribution. Modeling all species
together improved precision (Fig. 2C) and
did not change conclusions relative to the spe-
cies-specific model. All subsequent analyses
and results, therefore, use the single model
with species-specific effect sizes estimated
for the presence versus absence of flagged
parent(s).
To ensure that methods used (e.g., changes

in marker type) did not confound the test for
an effect of flags on nests, we also analyzed
several subsets of the dataset. First, because
most of our band-only sandpiper nests were
from one site (Nome; Table 1), we modeled
the effect of presence vs. absence of a flag at
Nome only. At that site, marker type was
strongly confounded with year (only two
flagged nests in the 1990s, and no band-only
nests in later years), but there was no change
in the population mean daily nest survival
rate between the two periods (Kwon et al.
2018). Second, for the species with the best
mix of markers within a subset of sites and
years (Red-necked Phalaropes from 2012 to
2014 at Utqia _gvik, Cape Krusenstern, Can-
ning River, and Ikpikpuk), we ran the model

for that subset only. Third, to determine if
unknown parents affected our results for
sandpipers, we ran the model on the subset
of nests where the marker type of both

Fig. 2. Comparison of estimated effects of leg
flags on daily nest survival rates from three differ-
ent model structures. In all models, the baseline
group was nests where parents had only leg bands
(effect size of zero; dotted line). (A) Estimates
from one model per species where nests were
grouped based on whether one or both parents
were flagged. (B) Estimates from one model per
species, with nests grouped by the presence or
absence of a flag on at least one parent. (C) Esti-
mates from one model containing all species, with
the effect of flags (presence or absence) allowed to
vary among species. Phalaropes have incubation by
males only, so no nests were attended by two
flagged parents and estimates are identical in (A)
and (B). Estimates are on the logit scale relative to
a baseline of zero (dotted line; no flag). Additional
information for the final model (C) is provided in
Table S2.

E. L. Weiser et al.292 J. Field Ornithol.



parents was known. We used these additional
results to support the conclusions derived
from the main model that included all spe-
cies, sites, and years. In each model, we
included a linear effect of day-of-season that
we allowed to vary among species because
DSR declined over the season for some of
our study species (Weiser et al. 2017). Day-
of-season was centered to the mean for each
site, year, and species to account for differ-
ences in timing of breeding. We applied a
random effect of site and a site-specific ran-
dom effect of year to the intercept to account
for spatial and temporal heterogeneity. In the
model that included all species, we included a
random effect of species on the intercept,
although we expected differences in DSR
across species to be minor (Weiser et al.
2017). We used uninformative priors on the
log scale for all parameters, drawing from
uniform distributions for the intercept
(range = �5 to 5) and standard deviations
(range = 0–7), and a normal distribution
with a mean of zero and the corresponding
estimated standard deviation for the effects of
flag, day-of-season, site, and year.
We implemented the models in JAGS v.

4.0 (Plummer 2003) via the package “run-
jags” (Denwood 2016) in R v. 3.3.1 (R Core
Team 2017). We discarded estimates from
adaptation and burn-in periods (1000 and
3000 iterations, respectively) to produce good
mixing across three chains. We then ran the
model for a further 6000 iterations and saved
the output from every third iteration to
reduce autocorrelation, resulting in 2000
saved iterations used to generate posterior dis-
tributions for the estimated parameters. We
checked that convergence was achieved as
indicated by Gelman–Rubin statistics of
< 1.10 for all parameters (Brooks and Gel-
man 2012). To determine if flags affected
DSR, we evaluated 95% Bayesian credible
intervals (BCIs) of the species-specific flag
effect from our final model that shared infor-
mation across species. To demonstrate the
biological significance (or lack thereof) of flag
effects, we also generated species-specific esti-
mates of DSR and nest success (mean DSR
raised to the power of the average number of
days of incubation) from the final model.
Our R scripts (https://doi.org/10.5066/
p9k9canl) and source dataset (Brown et al.
2014) are publicly available online.

RESULTS

We monitored from 205 to 780 nests for
each of four species of Arctic-breeding shore-
birds, with 36–82% of these nests having at
least one adult with a leg flag (Tables 1 and S1).
Of the biparentally incubated sandpiper nests
with flags, 66% were attended by two parents
with flags, 33% attended by only one parent
confirmed to have a flag and the other parent
was either not observed or not banded, and 1%
attended by one parent with a flag and one with
only bands. Of the biparentally incubated nests
where neither parent had a flag, both parents
were banded at 86% of nests and, at the other
14%, one parent was confirmed as banded and
the other parent was either not observed or not
banded. Only one parent (male) attended each
phalarope nest, so that parent determined the
group identity of the nest.
The proportion of nests where eggs hatched

ranged from 67% (Red-necked Phalaropes) to
84% (Red Phalaropes) across the four species,
whereas 9–23% of nests failed and 7–10%
had unknown fates. The 95% BCI of the
estimated flag effect overlapped zero for all

Fig. 3. Expected daily survival rate (DSR, [A])
and probability of surviving the full incubation
period (B) for nests of four species of shorebirds,
depending on whether or not at least one parent
had a leg flag (single model, presence-absence;
Fig. 2C). Values are for the mean day-of-season
when nest survival varied seasonally.

Effects of Leg Flags on Nest SuccessVol. 89, No. 3 293
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species regardless of model structure (Fig. 2),
indicating no evidence of effects of leg flags
on DSR. Accordingly, expected DSR and the
proportion of nests expected to hatch did not
differ between nests with or without flagged
adults (Fig. 3). Variation among years and
species was higher than variation among sites
(Table S2). Marker type was confounded with
year at some of our study sites, but annual
estimates of DSR did not vary with marker
type (Fig. 4). Similarly, in our tests of subsets
of data for one site (Semipalmated Sandpiper:
0.20, �1.61 to 1.75; Western Sandpiper:
0.33, �0.91 to 1.83), a subset with a mix of
markers within sites and years (Red-necked
Phalarope: 0.53, �1.60 to 2.73) or only nests
with two known parents (Semipalmated
Sandpiper: 0.81, �0.16 to 0.80; Western
Sandpiper: �0.14, �1.08 to 0.79), we also
found no effect of the presence of a leg flag
on DSR (values show mean, 95% BCI of the
estimated flag effect in each case). These addi-
tional tests supported our main model with
evidence that flags did not affect DSR regard-
less of the post hoc study design.

DISCUSSION

Compared to nests where parents had only
leg bands, we found no evidence of harmful
effects of leg flags on nest survival for four spe-
cies of Arctic-breeding shorebirds. In addition,
nest survival did not co-vary with site or year,
suggesting that the test for effects of flags was
not confounded by spatial or temporal varia-
tion in nest survival. Previous studies have
found a mix of effects of markers across species
and study areas (Barron et al. 2010, Costantini
and Møller 2013, Weiser et al. 2016, Bodey
et al. 2017), but our multi-species, multi-site
comparison provides strong evidence that leg
flags of incubating adults did not damage eggs
(direct effect) or alter parental behavior in ways
that affected nest survival (indirect effects, e.g.,
increased visibility of adults increasing the like-
lihood of predators locating nests).
Direct effects of flags on nests could include

physical damage to eggs by flags. However, we
did not have sufficient data for both marker
types on eggs that remained unhatched in
otherwise successful nests to test for variation
in egg viability, so we were unable to evaluate
whether leg flags might physically damage indi-
vidual eggs. In future studies, investigators

should record the presence or absence of eggs
remaining in hatched nests to fully evaluate
potential effects of markers on eggs.
In addition to finding no evidence for direct

effects of flags on nests, the absence of any dif-
ference in nest survival between groups sug-
gests that flags did not harm nests indirectly.
For example, if leg flags affected parental
movement at nests or to and from nests (e.g.,
by changing incubation rhythms), predators
might be more likely to find nests (Smith et al.
2007, Bulla et al. 2016) and reduce nest sur-
vival rates. Alternatively, if leg flags created an
energetic burden, adults might be more likely
to abandon nests to maximize their chances of
survival (Bustnes et al. 2002, Sp�ee et al.
2010).

Fig. 4. Expected daily nest survival rates (DSR)
for four shorebird species in each year of our
study. Estimates of DSR are from the single model
testing for an effect of presence or absence of leg
flag(s) on adults (Fig. 2C). Point symbols indicate
which group(s) were included in each year. Num-
bers along the horizontal axes indicate sample sizes
(number of nests monitored).
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Parental mortality during incubation typically
results in nest failure, even in our study spe-
cies with biparental care (Bulla et al. 2017).
Any substantial increase in adult mortality
due to the presence of leg flags thus would
have been evident as an effect of flags on nest
survival. However, effects of flags could accu-
mulate over time or be more pronounced
during the non-breeding period so a test for
effects of flags on adult survival would still be
worthwhile if confounding differences in
detectability of tags can be controlled (Clark
1979, Burns et al. 2010, Roche et al. 2014).
Our study included sandpipers and phala-

ropes with contrasting life-history traits, e.g.,
terrestrial versus aquatic and biparental versus
uniparental incubation, and yet we found
that none of our focal species was affected by
leg flags. These results suggest that leg flags
may also have no effect on the nest survival
of other species of shorebirds. Our study spe-
cies were also relatively small and thus likely
more susceptible than larger species to any
energetic effects of leg flags (Costantini and
Møller 2013, Weiser et al. 2016). Additional
study would still be useful, however, because
effects of leg flags could differ for species
based on body mass, foraging strategy, or
breeding habitat, as has been found for other
types of large tags (Barron et al. 2010,
Costantini and Møller 2013). If flags affect
parental behavior, results might also differ in
areas where nest predators respond differently
to parental behavior (Smith et al. 2007). Fur-
ther study is also needed to assess whether
chick growth or survival might be affected
when flags are applied to either parents or
chicks.
Although our results indicate that adding

leg flags to a color-marking scheme probably
does not reduce nest survival in small-bodied
species of Arctic-breeding sandpipers and pha-
laropes, a priori testing for effects of any type
of marker would be useful for future studies.
Instead of post hoc tests, investigators could
randomly assign marker types to birds at the
same sites and in the same years to maximize
the statistical power to detect any effects. If
markers are found to have negative effects,
then eliminating or minimizing those effects
would be essential to reduce any harmful
effects on the birds and to ensure that the
results of studies are not biased.

ACKNOWLEDGMENTS

Major support for the infrastructure of the Arctic
Shorebird Demographics Network was provided by the
Arctic Landscape Conservation Cooperative, National
Fish and Wildlife Foundation (grants 2010-0061-015,
2011-0032-014, 0801.12.032731, and 0801.13.041129),
and Neotropical Migratory Bird Conservation Act of the
U.S. Fish and Wildlife Service (grants F11AP01040,
F12AP00734, F13APO535, 4073, and 4102). Addi-
tional funding for individual sites was provided by
Alaska Department of Fish and Game (including State
Wildlife Grant T-16), Arctic National Wildlife Refuge,
Bureau of Land Management, Centre for Wildlife Ecol-
ogy at Simon Fraser University, Environment and Cli-
mate Change Canada, Indigenous and Northern Affairs
Canada, Kansas State University, Kresge Foundation,
Liz Claiborne/Art Ortenberg Foundation, Manomet
Center for Conservation Sciences, National Park Service
(including Murie Science and Learning Center Research
Fellowship Program), National Science Foundation
(Office of Polar Programs grant ARC-1023396 and
Doctoral Dissertation Improvement Grant 1501479),
Natural Resources Canada (Polar Continental Shelf Pro-
gram), Natural Sciences and Engineering Research
Council of Canada (Strategic Grant - 357054, Discovery
Grants), Northern Scientific Training Program (Cana-
dian Polar Commission), U.S. Fish and Wildlife Service
(Migratory Bird Management Division, Survey, Moni-
toring and Assessment Program, Alaska National Wild-
life Refuge System’s Challenge Cost Share Program, and
Avian Influenza Health and Influenza programs), U.S.
Geological Survey (Changing Arctic Ecosystem Initia-
tive, Wildlife Program of the USGS Ecosystem Mission
Area), University of Colorado Denver, University of
Alaska Fairbanks, and University of Missouri Columbia.
We thank local communities and landowners, including
the people of the Inuvialuit Settlement Region, North
Slope Borough, Ukpea _gvik I~nupiat Corporation, and
Sitnasuak Native Corporation for permitting us to con-
duct research on their lands. Logistical support was pro-
vided by Arctic National Wildlife Refuge (U.S. Fish and
Wildlife Service), Barrow Arctic Science Consortium,
Cape Krusenstern National Monument (National Park
Service), ConocoPhillips Alaska, Inc., Sisualik National
Wildlife Refuge (U.S. Fish and Wildlife Service), and
Umiaq, LLC. We thank the many field assistants who
helped on this project throughout the years, including S.
Carvey, T. Donnelly, A. Gottesman, D. Pavlik, and B.
Wilkinson for their key roles in field work at the Colville
River Delta, and D. Payer for his key role in implement-
ing and overseeing field work at Canning River Delta. J.
Lamb, L. Rosen, and B. Ross provided comments on an
early draft of the manuscript. Animal handling, mark-
ing, and monitoring procedures were approved by ani-
mal care and use committees and permitting agencies at
Environment and Climate Change Canada, Kansas State
University, National Park Service, University of Alaska
Fairbanks, U.S. Fish and Wildlife Service, and U.S.
Geological Survey – Alaska Science Center. The findings
and conclusions in this article are those of the author(s)
and do not necessarily represent the views of the U.S.
Fish and Wildlife Service. Any use of trade names is for
descriptive purposes only and does not imply endorse-
ment by the U.S. Government.

Effects of Leg Flags on Nest SuccessVol. 89, No. 3 295



LITERATURE CITED

ANDRES, B. A. 2008. Contributions of bird banding to
international waterbird conservation. In: Bird
banding in North America: the first hundred
years. Memoirs of the Nuttall Ornithological
Club, No. 15 (J. A. Jackson, W. E. Davis, and J.
Tautin, eds.), pp. 221–229. Nuttall
Ornithological Club, Cambridge, MA.

BARRON, D. G., J. D. BRAWN, AND P. J.
WEATHERHEAD. 2010. Meta-analysis of transmitter
effects on avian behaviour and ecology. Methods
in Ecology and Evolution 1: 180–187.

BODEY, T. W., I. R. CLEASBY, F. BELL, N. PARR, A.
SCHULTZ, S. C. VOTIER, AND S. BEARHOP. 2017.
A phylogenetically controlled meta-analysis of
biologging device effects on birds: deleterious
effects and a call for more standardized reporting
of study data. Methods in Ecology and Evolution
9: 946–955.

BRODSKY, L. M. 1988. Ornament size influences
mating success in male Rock Ptarmigan. Animal
Behaviour 36: 662–667.

BROOKS, S. P., AND A. GELMAN. 2012. General
methods for monitoring convergence of iterative
simulations. Journal of Computational and
Graphical Statistics 7: 434–455.

BROWN, J. L., AND M. W. COLLOPY. 2012. Bayesian
hierarchical model assessment of nest site and
landscape effects on nest survival of Aplomado
Falcons. Journal of Wildlife Management 76:
800–812.

BROWN, S. C., H. R. GATES, J. R. LIEBEZEIT, P. A. SMITH,
B. L. HILL, AND R. B. LANCTOT [online]. 2014.
Arctic Shorebird Demographics Network Breeding
Camp Protocol, version 5. U.S. Fish and Wildlife
Service and Manomet Center for Conservation
Sciences. <https://arcticdata.io/catalog/#view/doi:10.
18739/A2CD5M>. (Accessed 15 October 2016).

BULLA, M., H. PR€UTER, H. VITNEROV�A, W. TIJSEN,
M. SL�ADE�CEK, J. A. ALVES, O. GILG, AND B.
KEMPENAERS. 2017. Flexible parental care:
uniparental incubation in biparentally incubating
shorebirds. Scientific Reports 7: 12851.

———, M. VALCU, A. M. DOKTER, A. G. DONDUA, A.
KOSZTOL�ANYI, A. L. RUTTEN, B. HELM, B. K.
SANDERCOCK, B. CASLER, B. J. ENS, C. S. SPIEGEL,
C. J. HASSELL, C. K€UPPER, C. MINTON, D. BURGAS,
D. B. LANK, D. C. PAYER, E. Y. LOKTIONOV, E.
NOL, E. KWON, AND F. SMITH. 2016. Unexpected
diversity in socially synchronized rhythms of
shorebirds. Nature 540: 109–113.

BURLEY, N., G. KRANTZBERG, AND P. RADMAN. 1982.
Influence of colour-banding on the conspecific
preferences of Zebra Finches. Animal Behaviour
30: 444–455.

BURNS, F., T. SZ�EKELY, AND M. BOLTON. 2010. Leg
flags versus colour rings: a comparison of marking
methods using a small shorebird, the St. Helena
Wirebird. Wader Study Group Bulletin 117: 131–
134.

BUSTNES, J. O., K. E. ERIKSTAD, AND T. H. BJORN.
2002. Body condition and brood abandonment in
Common Eiders breeding in the high Arctic.
Waterbirds 25: 63–66.

CALVO, B., AND R. W. FURNESS. 1992. A review of
the use and the effects of marks and devices on
birds. Ringing & Migration 13: 129–151.

CHIVERS, L. S., S. A. HATCH, AND K. H. ELLIOTT.
2015. Accelerometry reveals an impact of short-
term tagging on seabird activity budgets. Condor
118: 159–168.

CLARK, N. A. 1979. Permanent leg flags. Wader Study
Group Bulletin 26: 18.

———, S. GILLINGS, A. J. BAKER, P. M. GONZ�ALEZ,
AND R. PORTER. 2005. The production and use of
permanently inscribed leg flags for waders. Wader
Study Group Bulletin 108: 38–41.

COSTANTINI, D., AND A. P. MØLLER. 2013. A meta-
analysis of the effects of geolocator application on
birds. Current Zoology 59: 697–706.

DENWOOD, M. J. 2016. runjags: an R package
providing interface utilities, model templates,
parallel computing methods and additional
distributions for MCMC models in JAGS. Journal
of Statistical Software 71: 1–25.

FAIR, J., E. PAUL, AND J. JONES. 2010. Guidelines to
the use of wild birds in research, 3rd ed.
Ornithological Council, Washington, D.C.

HAGAN, J. M., AND J. M. REED. 1988. Red color
bands reduce fledging success in Red-cockaded
Woodpeckers. Auk 105: 498–503.

HALSTEAD, B. J., G. D. WYLIE, P. S. COATES, P.
VALCARCEL, AND M. L. CASAZZA. 2012. Bayesian
shared frailty models for regional inference about
wildlife survival. Animal Conservation 15: 117–124.

KWON, E., W. B. ENGLISH, E. L. WEISER, S. E.
FRANKS, D. J. HODKINSON, D. B. LANK, AND

B. K. SANDERCOCK. 2018. Delayed egg-laying
and shortened incubation duration of Arctic-
breeding shorebirds coincide with climate
cooling. Ecology and Evolution 8: 1339–1351.

LIEBEZEIT, J. R., P. A. SMITH, R. B. LANCTOT, H.
SCHEKKERMAN, S. J. KENDALL, D. M. TRACY, R.
J. RODRIGUES, H. MELTOFTE, J. A. ROBINSON, C.
GRATTO-TREVOR, B. J. MCCAFFERY, J. MORSE,
AND S. W. ZACK. 2007. Assessing the
development of shorebird eggs using the flotation
method: species-specific and generalized regression
models. Condor 109: 32–47.

LOVELL, H. B. 1945. Banded Song Sparrow nestlings
removed by parent. Bird Banding 16: 144–145.

MABEE, T. J. 1997. Using eggshell evidence to
determine nest fate of shorebirds. Wilson Bulletin
109: 307–313.

PENNYCUICK, C. J., P. L. F. FAST, N. BALLERST€ADT,
AND N. RATTENBORG. 2012. The effect of an
external transmitter on the drag coefficient of a
bird’s body, and hence on migration range, and
energy reserves after migration. Journal of
Ornithology 153: 633–644.

PLUMMER, M. 2003. JAGS: a program for analysis of
Bayesian graphical models using Gibbs sampling. In:
Proceedings of the 3rd International Workshop on
Distributed Statistical Computing (DSC 2003) (K.
Hornik, F. Leisch, and A. Zeileis, eds.). Technische
Universit€at Wien, Vienna, Austria.

R CORE TEAM. 2017. R: a language and environment
for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

E. L. Weiser et al.296 J. Field Ornithol.

https://arcticdata.io/catalog/#view/doi:10.18739/A2CD5M
https://arcticdata.io/catalog/#view/doi:10.18739/A2CD5M


ROCHE, E. A., C. M. DOVICHIN, AND T. W. ARNOLD.
2014. Field-readable alphanumeric flags are
valuable markers for shorebirds: use of double-
marking to identify cases of misidentification.
Journal of Field Ornithology 85: 329–338.

RUBEGA, M. A., D. SCHAMEL, AND D. M. TRACY.
2000. Red-necked Phalarope (Phalaropus lobatus),
version 2.0. In: The birds of North America (A.
F. Poole and F. B. Gill, eds.). Cornell Lab of
Ornithology, Ithaca, NY.

SAALFELD, S. T., AND R. B. LANCTOT. 2015.
Conservative and opportunistic settlement strategies
in Arctic-breeding shorebirds. Auk 132: 212–234.

SANDERCOCK, B. K. 1998. Chronology of nesting
events in Western and Semipalmated sandpipers
near the Arctic Circle. Journal of Field
Ornithology 69: 235–243.

———, D. B. LANK, AND F. COOKE. 1999. Seasonal
declines in the fecundity of Arctic-breeding
sandpipers: different tactics in two species with an
invariant clutch size. Journal of Avian Biology 30:
460–468.

———, ———, R. B. LANCTOT, B. KEMPENAERS,
AND F. COOKE. 2000. Ecological correlates of
mate fidelity in two Arctic-breeding sandpipers.
Canadian Journal of Zoology 78: 1948–1958.

SMITH, P. A., H. G. GILCHRIST, AND J. N. M. SMITH.
2007. Effects of nest habitat, food, and parental
behavior on shorebird nest success. Condor 109:
15–31.

SP�EE, M., M. BEAULIEU, A. DERVAUX, O. CHASTEL, Y.
LE MAHO, AND T. RACLOT. 2010. Should I stay
or should I go? Hormonal control of nest
abandonment in a long-lived bird, the Ad�elie
Penguin. Hormones and Behavior 58: 762–768.

TRACY, D. M., D. SCHAMEL, AND J. DALE. 2002. Red
Phalarope (Phalaropus fulicarius), version 2.0. In:
The birds of North America (A. F. Poole and F. B.
Gill, eds.). Cornell Lab of Ornithology, Ithaca, NY.

WEISER, E. L., S. C. BROWN, R. B. LANCTOT, H. R.
GATES, K. F. ABRAHAM, R. L. BENTZEN, J. BÊTY, M.
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BISHOP, M. BOLDENOW, L. BOLLACHE, B. CASLER,
M. CHRISTIE, J. T. COLEMAN, J. R. CONKLIN, W.
B. ENGLISH, H. R. GATES, O. GILG, M.-A.
GIROUX, K. GOSBELL, C. HASSELL, J.
HELMERICKS, A. JOHNSON, B. KATR�INARD�OTTIR,
K. KOIVULA, E. KWON, J.-F. LAMARRE, J. LANG,
D. B. LANK, N. LECOMTE, J. LIEBEZEIT, V.
LOVERTI, L. MCKINNON, C. MINTON, D.
MIZRAHI, E. NOL, V.-M. PAKANEN, J. PERZ, R.
PORTER, J. RAUSCH, J. RENEERKENS, N. R€ONK€A,
S. SAALFELD, N. SENNER, B. SITTLER, P. A.
SMITH, K. SOWL, A. TAYLOR, D. H. WARD, S.
YEZERINAC, AND B. K. SANDERCOCK. 2016.
Effects of geolocators on hatching success, return
rates, breeding movements, and change in body
mass in 16 species of Arctic-breeding shorebirds.
Movement Ecology 4: 12.

———, ———, ———, H. R. GATES, R. L.
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SUPPORTING INFORMATION

Additional Supporting Information may be
found in the online version of this article at
the publisher’s website.

Table S1. Number of nests monitored in
each year for each group (with or without leg
flags) of each species.

Table S2. Parameter estimates on the logit
scale from the Bayesian models of daily nest
survival of Arctic-breeding shorebirds. b indi-
cates a fixed effect; r indicates a standard
deviation among groups for a random effect
on the intercept. Where effects were species-
or site-specific, the four-letter abbreviation for
each species or site is included in brackets.
Species: SESA, Semipalmated Sandpiper,
WESA, Western Sandpiper, RNPH, Red-
necked Phalarope, REPH, Red Phalarope.
Site abbreviations are provided in Table 1.
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