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ABSTRACT
For most shorebird species, our understanding of the basic limiting factors and when or where they operate during the 
annual cycle is currently inadequate to either understand ongoing declines or effectively allocate conservation resources 
for recovery. Whimbrels (Numenius phaeopus) exhibit delayed recruitment and have low fecundity, and populations 
with such life-history traits are often vulnerable to increases in adult mortality. We tracked 33 adult Whimbrels with 
satellite transmitters for 12,802 bird-days to investigate patterns in survival and recorded 16 probable and 5 confirmed 
mortalities. We used Cox’s proportional hazards model to estimate daily hazard rates by season and a Kaplan-Meier 
product limit estimator to estimate monthly survival. Daily hazard rates varied by season and were 5 times higher 
during migratory periods (fall and spring migration) compared to stationary periods (winter and breeding). Estimated 
annualized survivorship was 0.54 ± 0.21 (SE) and on the lower end of the range of 0.8–0.9 believed to be required to 
maintain a stable population. More than half of the mortality recorded during the study occurred during the fall hunting 
season and within the last remaining area throughout the Western Hemisphere where significant legal and illegal 
hunting occurs. One-third of mortality occurred during spring migration either within terminal staging sites or as birds 
made final movements to breeding grounds. Survival during the migratory periods may have been influenced by the 
use of transmitters.

Keywords: adult survival, hunting, Numenius phaeopus, satellite tracking, seasonality, Western Atlantic Flyway, 
Whimbrel

Variation saisonnière des taux de mortalité chez Numenius phaeopus utilisant la voie de migration de 
l’Atlantique Ouest

RÉSUMÉ
Pour la plupart des espèces de limicoles, notre compréhension des facteurs limitants de base et du moment ou de 
l’endroit où ils opèrent au cours du cycle annuel est insuffisante à l’heure actuelle pour bien comprendre les déclins 
en cours ou allouer des ressources en conservation pour leur rétablissement. Numenius phaeopus est une espèce qui 
présente un recrutement à retardement et une faible fécondité; les populations ayant de telles caractéristiques d’histoire 
naturelle sont souvent vulnérables aux augmentations de la mortalité des adultes. Nous avons suivi 33 adultes de cette 
espèce avec des émetteurs satellite pendant 12,802 oiseaux-jours afin d’étudier les patrons de survie et nous avons 
enregistré 16 mortalités probables et 5 confirmées. Nous avons utilisé le modèle à risques proportionnels de Cox 
pour estimer les taux de risques quotidiens par saison et l’estimateur produit-limite de Kaplan-Meier afin d’estimer la 
survie mensuelle. Les taux de risques quotidiens ont varié d’une saison à l’autre et étaient 5 fois plus élevés au cours 
des périodes migratoires (migration automnale et printanière) comparativement aux périodes stationnaires (hiver et 
reproduction). Le taux de survie annualisé a été estimé à 0.54 ± 0.21 (erreur-type) et se trouvait dans la limite inférieure 
de la plage allant de 0.8 à 0.9 considérée comme requise pour maintenir une population stable. Plus de la moitié de 
la mortalité enregistrée au cours de l’étude s’est produite au cours de la saison de chasse automnale et à l’intérieur de 
la dernière zone restante de l’hémisphère occidental où une importante chasse légale et illégale a lieu. Le tiers de la 
mortalité s’est produit au cours de la migration printanière, soit dans les dernières haltes ou pendant que les oiseaux 
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faisaient leurs derniers déplacements vers les sites de reproduction. La survie au cours des périodes migratoires peut 
avoir été influencée par l’utilisation des émetteurs.

Mots-clés: chasse, Numenius phaeopus, saisonnalité, suivi par satellite, survie des adultes, voie de migration de 
l’Atlantique Ouest

INTRODUCTION

An alarming percentage of the world’s shorebird species 
are experiencing population declines (International Wader 
Study Group 2003, Wetlands International 2006, Piersma 
2007, Nebel et al. 2008). For species in the Western Hemi-
sphere, evidence of ongoing declines is geographically 
widespread. There is documentation from the breeding 
grounds (e.g., Pattie 1990, Gratto-Trevor et  al. 2001, Jehl 
2007), wintering grounds (e.g., Morrison et al. 2004, Otte-
ma and Ramcharan 2009, Morrison et al. 2012), and migra-
tory staging sites (e.g., Butler and Lemon 2001, Watts and 
Truitt 2011, Ross et al. 2012). Many factors have been hy-
pothesized as causes for declines in shorebird populations, 
including habitat loss and degradation (e.g., Vickery et al. 
1999, Galbraith et al. 2002), human disturbance within sta-
ging sites (e.g., Burger 1986, Foster et al. 2009), reductions 
in critical prey populations (e.g., Baker et al. 2004, Escu-
dero et al. 2012), climate change (Meltofte et al. 2007), re-
covery of predator populations (e.g., Ydenberg et al. 2002, 
Lank and Ydenberg 2003), and hunting (Hutt 1991, Andres 
2017, Watts et al. 2015b).

A population’s resilience to perturbations reflects its un-
derlying demographic traits (Stearns 1992, Russell 1999), 
and understanding the demographic changes that under-
pin population trends is fundamental to effective manage-
ment. For most shorebird species, our understanding of 
the basic limiting factors and when or where they operate 
during the annual cycle is currently inadequate to either 
understand declines or effectively allocate conservation 
resources for recovery. Identifying causal factors that are 
driving population declines is particularly challenging for 
this group because many species breed in the High Arc-
tic and migrate between multiple jurisdictions over large 
geographic areas, potentially becoming exposed to a wide 
range of hazards. Ideally, management actions should be 
based on well-documented demographic information. 
Due to their relatively low fecundity (Maclean 1972), most 
shorebird species have limited capacity to compensate for 
increases in adult mortality, suggesting that achieving an 
understanding of survival patterns should be a priority for 
research investment.

Whimbrels (Numenius phaeopus) exhibit delayed re-
cruitment into the breeding population, are single brooded, 
and have small broods (Grant 1991, Skeel and Mallo-
ry 1996), making populations vulnerable to elevations in 
adult mortality. Between 1994 and 2009, Whimbrels sta-
ging during spring migration along the lower Delmarva 

Peninsula in Virginia declined by 50%, for an average an-
nual rate of 4% (Watts and Truitt 2011). Previous evidence 
from the breeding grounds (Jehl and Lin 2001, Ballantyne 
and Nol 2015) and other migration areas (Howe et al. 1989, 
Bart et al. 2007) indicates that the eastern population has 
been in decline since the mid-1970s. Aerial surveys of the 
most significant wintering area for this population (as de-
lineated in the early 1980s; Morrison and Ross 1989) in-
dicate a 4% average annual rate of decline (Morrison et al. 
2012). As a consequence of these patterns and relatively 
small population sizes, Whimbrels have been assigned 
high conservation scores by both the United States and 
Canadian shorebird conservation plans (Donaldson et al. 
2000, Brown et al. 2001).

Understanding bottlenecks in survival is essential to 
making decisions on how to strategically mobilize limited 
conservation resources to effect recovery. In this study, 
we used satellite transmitters to track adult Whimbrels 
throughout their annual cycle. Our objectives included 
(1) documenting seasonal movements to delineate major 
stages of the annual cycle, (2) examining seasonal variation 
in mortality, (3) estimating annualized survival rates, and 
(4) exploring the relationship between seasonal activity 
and mortality.

METHODS

Study Species and Demographic Rates
Whimbrels are large, highly migratory, Holarctic waders 
with 4 recognized subspecies including 3 Eurasian forms 
and 1 Nearctic form (N. p. hudsonicus) (Cramp and Sim-
mons 1983). The New World subspecies has disjunct east-
ern and western breeding ranges (Skeel and Mallory 1996). 
Age at first reproduction is at least 3 yr. Mean clutch size is 
highly consistent across years and among different breed-
ing areas, ranging from 3.6 to 3.9 (Skeel and Mallory 1996, 
Ballantyne 2009, Perz 2014). Nesting success exhibits con-
siderable year-to-year variation (Perz 2014), and successful 
pairs produce a single brood per year (Skeel and Mallory 
1996). The species is believed to require high adult survival 
for population maintenance, and the current longevity rec-
ord for North America is 16 yr (Klima et al. 2013).

For comparative purposes, we may consider the adult 
survival required for population stability under an optimis-
tic scenario. If Sa is adult survival, S1 is first-year survival, 
S2 is second-year survival, S3 is third-year survival, and β is 
annual fecundity, then Sa = 1 − (S1 S2 S3) β (Pulliam 1988).
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Grant (1991), working in Shetland, United Kingdom, re-
corded the highest reproductive rates for the species to date 
as 0.75, 0.90, and 0.91 fledged young per pair in 1986, 1987, 
and 1988, respectively, for a 3-yr mean of 0.85 (0.43 per adult 
female). First-year survival rates are not available for Whim-
brel but a value of 47% (Bainbridge and Minton 1978) was 
estimated for the closely related Eurasian Curlew (Numeni-
us arquata) and is generally consistent with a range of 55–
65% reported for other wader species (e.g. Peach et al. 1994, 
Sandercock 2003). Rates of after-first-year survival for Nume-
nius spp. estimated using mark–recapture techniques gener-
ally fall within the 0.85–0.90 range (Sandercock 2003, Mendez 
et al. 2018). If we consider an optimistic survival rate for years 
1 to 3 as 0.6, 0.9, and 0.9, respectively, to reach recruitment 
age, then the adult survival rate required for maintenance of 
the Shetland population would be 0.79. Based on return rates, 
the minimum adult survival rate for this population was esti-
mated as 0.89.

Although fledging rates are not available for most North 
American breeding populations, a considerable amount of 
information is available on nest success or apparent nest 
survival, including a chronosequence within the Churchill 
portion of the Hudson Bay breeding population (Jehl 1971, 
Skeel 1983, Perz 2014). Jehl (1971) reported a 49% hatching 
rate. After adjusting for exposure days, Skeel (1983) esti-
mated that apparent nest survival ranged from 54% to 86% 
(1973–1974), depending on habitat type, with a mean of 
73%. More recently, Perz (2014) estimated a range of 18% 
to 74% (2011–2013), with a mean of 43%. The latter range is 
comparable to the range (19% to 69%) reported within the 
Mackenzie River population (Pirie 2008). The Skeel (1983) 
and Perz (2014) estimates would result in hatching rates 
of 1.23 and 0.72 young per female, respectively. Only 2 
fledging rates are available. In western Alaska, 71% of nests 
were found to hatch (1989–1990) but only 13% of pairs 
fledged young (McCaffery 1996, Skeel and Mallory 1996). 
In Shetland, Grant (1991) recorded a 49% loss of young 
from hatching to fledging. Applying a midpoint (32%) of 
these 2 estimates to hatching rates, the Skeel (1983) and 
Perz (2014) studies would result in an estimated 0.40 and 
0.23 young per female at the time of fledging, respectively. 
Applying the optimistic survival rates to recruitment pre-
sented above, the Skeel (1983) and Perz (2014) reproduct-
ive rates would require adult survival rates of 0.81 and 0.89, 
respectively, to achieve stability.

Field Methods
We captured 42 Whimbrels between 2008 and 2016 on mi-
gration staging sites along the lower Delmarva Peninsula 
in Virginia, USA (n = 15; 37.398°N, 75.865°W), along the 
coast of Georgia, USA (n = 8; 31.148°N, 81.379°W), along 
the Acadian Peninsula in New Brunswick, Canada (n = 6; 
47.973°N, 64.509°W), as well as on the nesting ground 
near the Mackenzie River, Northwest Territories, Canada 

(n = 13; 69.372°N, 134.894°W) (Figure 1). Birds were cap-
tured using rocket nets (n = 17), noose lines (n = 12), and 
nest traps (n = 13). All birds were aged as adults by plum-
age (Prater et  al. 1977) and were banded with U.S. Geo-
logical Survey tarsal bands and coded leg flags. Sex of cap-
tured birds was not determined.

We fitted all birds with satellite transmitters called Plat-
form Transmitter Terminals (PTTs) using a modification 
of the leg-loop harness (Rappole and Tipton 1991, Sanzen-
bacher et al. 2000). Instead of elastic cord, we used Teflon 
ribbon (Bally Ribbon Mills, Bally, Pennsylvania, USA) that 
was fastened with brass rivets or crimps (Watts et al. 2008). 
We glued transmitters to a larger square of neoprene to 
elevate it above the body and prevent the bird from preen-
ing feathers over the solar panels. The transmitter package 
was below 3% of body mass (measured at the time of de-
ployment) for all individuals tracked in this study.

Known-fate models assume that marking does not affect 
an individual’s survival, fates of individuals are independ-
ent, and censoring is unrelated to mortality (White and 
Burnham 1999). We excluded 4 individuals from analysis 
for which transmitters may have influenced their loss to 
predators shortly after deployment. These exclusions in-
cluded one Whimbrel confirmed to have been taken by a 
locally nesting Gyrfalcon (Falco rusticolus) on the Macken-
zie River breeding grounds. We excluded 3 additional indi-
viduals from analysis because their failure to migrate away 
from the deployment location may have been influenced 
by the transmitters. Finally, we excluded 2 individuals that 
experienced early harness failure. Because all other birds 
(n = 33) migrated away from capture sites over great dis-
tances, we judged that the assumption of independent fate 
was met and we included them in analyses. The PTTs used 
in this study were 9.5 g PTT-100 (n = 21) or 5.0 g PTT-100 
(n = 12) solar-powered units produced by Microwave Tel-
emetry (Columbia, Maryland, USA).

The analyzed sample of birds included individuals from 
breeding populations from the Mackenzie River (n = 15), 
Hudson Bay (n  =  11), and Barren Grounds, Northwest 
Territories, Canada (n = 2), as well as individuals (n = 5) 
for which tracking did not extend to the breeding grounds 
(Table  1). All but one of the birds whose wintering area 
was determined (n  =  26) spent the winter months along 
the northern coast of South America. The majority (84%) 
of these birds wintered around the mouth of the Ama-
zon River in Brazil and the remaining individuals were in 
nearby Guyana and Suriname.

Tracking Data
Birds were located using satellites of the National Oceanic 
and Atmospheric Administration and the European Organ-
ization for the Exploitation of Meteorological Satellites with 
onboard tracking equipment operated by Collecte Localisa-
tion Satellites (CLS America, Largo, Maryland, USA; Fancy 
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et al. 1988). Transmitters were programmed to operate with 
a duty cycle of 24 hr off and 5 hr on (n = 15) or 48 hr off and 
10 hr on (n = 18). Locations in latitude and longitude deci-
mal degrees, date, time, and location error were received from 
CLS America within 24 hr of satellite contact with PTTs. Lo-
cations were estimated by the Advanced Research and Global 
Observation Satellite (ARGOS) system (www.Argos-system.
org), which uses a Doppler shift in signal frequency and calcu-
lates a probability distribution within which the estimate lies. 
The standard deviation of this distribution gives an estimate 
of the location accuracy and assigns it to a “location class” 
(LC): LC3 ≤ 150 m, LC2 = 150–350 m, LC1 = 350–1000 m, 
LC0 > 1,000 m, LCA = location based on 3 messages and has 
no accuracy estimate, LCB =  location based on 2 messages 
and has no accuracy estimate, and LCZ =  location process 
failed. We used LC classes 1–3 to track Whimbrel locations 
and included LC classes 0, A, and B for “time stamps” only.

Seasonality
We used tracking data to subdivide the annual cycle into 4 
seasons, including fall migration, winter, spring migration, 
and breeding. We delineated the length of each season, in 
days, for individuals based on their dates of arrival and de-

parture to and from breeding and wintering grounds each 
year, and calculated summary statistics across all individ-
uals and years. We assessed arrival and departure when 
birds settled in or moved away from their stationary win-
ter or breeding territories. These transitions were clear 
and abrupt except for the transition between fall migration 
and winter. Following long transoceanic flights, individuals 
made landfall on the northern coast of South America over 
a wide area from Venezuela to Brazil. Most birds landing 
to the west slowly made their way along the coast to Bra-
zil where they settled on winter territories. We considered 
birds to have arrived on winter territories (end of fall mi-
gration and beginning of winter) when birds ceased dir-
ectional movements along the coast and were resident for 
>1 week. Variation in landfall position and the length of 
time from landfall to final winter destination contributed 
to variation in the length of the fall migration period. We 
recorded no “false starts” of birds leaving breeding or win-
tering areas and then returning before resuming migration.

Mortality
For each bird we determined the probable cause of tracking 
termination (death of the bird or transmitter failure) using 

FIGURE 1. Locations where Whimbrels were originally captured and fitted with satellite transmitters (squares) and locations of subsequent 
confirmed and probable mortality events, based on the last signals received from transmitters. Half-shaded circles denote events that 
occurred during fall migration and winter; filled triangles denote events that occurred during spring migration and the breeding period.
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criteria similar to those in recent studies of avian mortal-
ity based on tracking data (e.g., Hupp et al. 2008, Klaassen 
et  al. 2014). Contact was lost with 29 transmitters and 4 
remain active at the time of writing (November 30, 2017).

Probable transmission failure (n  =  6): Loss of contact 
with the transmitter was preceded by poor or intermittent 
transmitter performance and/or low battery voltage.

Confirmed transmission failure (n  =  2): Transmitter 
behavior was as described above but the bird was subse-
quently identified alive. One bird lost a transmitter an-
tenna, was subsequently resighted and recaptured, and its 
transmitter was removed. The second bird was resighted 
with an inactive transmitter.

Probable death of bird (n  =  16): Loss of contact was 
abrupt despite good transmitter and battery perform-
ance or the transmitter was consistently or intermittently 
transmitting from a stationary position without indicating 
movement (activity counter stopped on 9.5-g transmitters) 
and the bird did not migrate during the next season.

Confirmed death of bird (n = 5): Tracking data is as de-
scribed above but mortality was confirmed or inferred 
with a high level of confidence. This category includes 2 

birds that were shot by hunters and whose transmitters 
were subsequently recovered, one transmitter that was re-
covered from the roof of a building with leg loops intact 
and presumed to be taken by a predator, and 2 birds that 
were lost at sea near the end of long transoceanic flights.

Statistical Analyses
We estimated survival rates in 2 ways to elucidate significant 
patterns. First, we estimated daily survival rates based on 
each individual’s seasonal schedule so that we could provide 
estimates for discrete segments of the annual cycle (fall mi-
gration, winter, spring migration, and breeding) and test for 
effects of breeding origin, transmitter size, and season. In the 
second analysis, we estimated monthly survival rates for all 
birds combined regardless of where individuals were during 
their annual cycles so that we could examine population-level 
patterns and estimate an annual rate of survival.

To estimate daily survival rates, we considered exposure 
(days) to be a continuous variable and seasons (fall migra-
tion, winter, spring migration, and breeding) to be inde-
pendent. Seasons when transmitters were deployed were 
considered to be left-censored on the day of deployment. 

TABLE 1. Summary information for adult Whimbrels tracked with satellite transmitters throughout the Western Atlantic Flyway (2008–
2017). Numbers denote how many years for which each individual was tracked during a given season.

Whimbrel Transmitter size (g) Breeding location Winter location Fall Winter Spring Breeding

103520 5.0 Mackenzie River Brazil 2 2 2 2
103521 5.0 Mackenzie River Brazil 1 1 1 1
103522.1 5.0 Mackenzie River Brazil 2 2 1 2
123745 5.0 Mackenzie River Brazil 2 1 1 2
123746 5.0 Mackenzie River Brazil 1 1 1 1
123748 5.0 Mackenzie River Brazil 2 2 2 2
128483 5.0 Hudson Bay Unknown 1 0 1 1
133734 5.0 Mackenzie River Brazil 1 1 0 1
133735 5.0 Mackenzie River Brazil 4 4 3 4
133736 5.0 Mackenzie River Brazil 1 1 0 1
162868 5.0 Barren Grounds Brazil 2 2 1 1
74854 5.0 Mackenzie River Brazil 2 2 1 1
103522 9.5 Mackenzie River Brazil 2 2 1 1
105874 9.5 Hudson Bay Brazil 4 4 4 4
105875 9.5 Mackenzie River Unknown 0 0 1 0
117299 9.5 Hudson Bay Suriname 2 1 2 2
117300 9.5 Hudson Bay Brazil 1 1 2 1
128484 9.5 Hudson Bay Unknown 1 0 1 1
40166 9.5 Unknown Guyana 1 1 0 0
50121 9.5 Hudson Bay Brazil 1 1 1 1
74854.1 9.5 Hudson Bay Brazil 3 2 2 2
74854.2 9.5 Mackenzie River Brazil 2 1 1 2
74855 9.5 Mackenzie River Unknown 1 0 1 1
84206 9.5 Hudson Bay Suriname 2 2 2 2
88039 9.5 Hudson Bay Unknown 1 0 1 1
88040 9.5 Unknown Suriname 1 1 0 0
88042 9.5 Hudson Bay Unknown 0 0 1 1
88043 9.5 Unknown Brazil 1 1 1 0
88043.1 9.5 Mackenzie River St. Croix 4 4 4 4
88044 9.5 Barren Grounds Unknown 1 0 1 1
88045 9.5 Unknown Brazil 1 1 1 0
88046 9.5 Unknown Brazil 1 1 0 0
98354 9.5 Hudson Bay Brazil 2 1 1 1
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Seasons when transmitters failed or that were survived by 
birds were considered to be right-censored on the day of 
transmitter failure or at the end of the season, respectively. 
We estimated the dates of mortality (or presumed mor-
tality) to be the midpoint between the last date the bird 
was assumed to be alive and the first date assumed dead. 
We considered all seasons that individuals were tracked to 
be independent samples for analytical purposes. We used 
the Andersen-Gill (A-G) version of the Cox proportional 
hazards model (Andersen and Gill 1982) to test for differ-
ences in survival relative to the 2 main populations of ori-
gin (Mackenzie River, Hudson Bay), transmitter size (9.5 g, 
5.0 g), and season (fall, winter, spring, breeding). We also 
examined and compared combined migratory (spring, fall) 
and stationary (winter, breeding) periods. The primary as-
sumption when comparing survival functions with A-G 
Cox is that the hazards are proportional over time (Ander-
sen and Gill 1982, Winterstein et al. 2001). We compared 
plots of the logarithms of the estimated cumulative hazard 
functions and Schoenfeld residuals to test for violations of 
the proportional hazards assumption (Schoenfeld 1982, 
Cleves et al. 2016). If logarithm plots with curves of groups 
are not parallel or plots of Schoenfeld residuals indicate 
a nonzero slope, the proportional hazards assumption is 
violated. We used a chi-square goodness of fit test on the 
Schoenfeld residuals to test for a nonzero slope.

To estimate monthly survival, we used a Kaplan-Mei-
er product limit estimator (Kaplan and Meier 1958) with a 
staggered entry design (Winterstein et al. 2001) in Stata 15.0 

(Stata, College Station, Texas, USA). Months when transmit-
ters were deployed were considered to be left-censored on 
the date of deployment. Months when transmitters failed or 
that were survived by birds were considered to be right-cen-
sored on the date of transmitter failure or at the end of the 
month, respectively. We estimated the dates of mortality (or 
presumed mortality) to be the midpoint between the last date 
the bird was assumed to be alive and the first date assumed 
dead. We considered all months that individuals were tracked 
to be independent samples for analytical purposes. It is pos-
sible that carry-over effects between seasons or months may 
have influenced mortality and if so this assumption would 
underestimate the influence of specific periods on mortal-
ity patterns. We estimated annual survival as the product of 
monthly survival estimates. We estimated the SE of annual 
survival using a bootstrap technique in Stata (Cleves et  al. 
2016). To examine spatial patterns in confirmed and prob-
able mortality events, we mapped locations based on the last 
transmitter signals received.

RESULTS

The annual cycle was subdivided for each individual and 
year into 4 seasons by departure from and arrival to win-
tering and breeding grounds (Figure  2, Table  2). Mean 
transition dates for winter were August 29  ±  2.0  days 
(mean  ±  SE) and April  12  ±  1.8  days for arrival and 
 departure, respectively. Mean transition dates for breeding 
were June 2 ± 1.5 days and July 13 ± 2.0 days for arrival and 

FIGURE 2. Relative weekly frequency of arrival and departure dates on wintering and breeding grounds for Whimbrels (n = 33) tracked 
with satellite transmitters throughout the Western Atlantic Flyway (2008–2017). Dates represent transitions between seasons (winter, 
spring migration, breeding, fall migration) throughout the annual cycle.
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 departure, respectively. The mean length of  seasons was 
similar for fall  migration, spring migration, and breeding, 
with each period averaging approximately 1.5 mo (Table 2). 
One individual was resident on the breeding ground 
for only 8  days, possibly reflecting an aborted breeding  
season or early failure. Winter dominated the annual cycle, 
 averaging nearly 7.5 mo or 62% of the year.

Survival Estimates
We recorded 5 confirmed mortalities and 16 probable 
mortalities among our sample of 33 adults monitored by 
satellite tracking during a total time of 12,802 bird-days. 
We found no evidence that daily hazard rates differed be-
tween breeding populations at Mackenzie River and Hud-
son Bay (df = 1, χ2 = 1.0, P = 0.33) or between birds carrying 
transmitters of different sizes (df = 1, χ2 = 1.2, P = 0.28). 
However, daily hazard rates varied significantly (df  =  3, 
χ2 = 14.3, P < 0.01) with season (Table 2) and were more 
than 5 times higher on average during the migration peri-
ods compared to the stationary periods (0.0049 ± 0.0022 
and 0.00092 ± 0.00042 for migration and stationary peri-

ods, respectively). We tested the assumption of the Cox 
model that hazards were proportional over time within 
seasons by evaluating Schoenfeld residuals. During both 
the winter and breeding periods, tests of nonzero slopes of 
Schoenfeld residuals were nonsignificant (χ2 < 0.5, P > 0.1), 
suggesting no change in hazard risk with time. During 
both spring and fall migration, tests of nonzero slopes 
were significant (χ2 > 7.5, P < 0.01), suggesting a possible 
shift in proportional hazards during the period. Monthly 
survival estimates varied from a low of 0.87 in May to 1.0 
in March and December (Figure 3) with an overall mean 
of 0.95  ±  0.01. Estimated annualized survivorship was 
0.54 ± 0.21. As indicated by the seasonal hazard rates, there 
appear to be 2 bottlenecks during the year when survival 
is reduced—August through November and April through 
May. More than half (57%) of the total mortality recorded 
during the study occurred between late July and early No-
vember during fall migration (48%) or shortly after birds 
arrived on the wintering grounds (10%). One-third (33%) 
of mortality recorded occurred during the later stages 
(April through May) of spring migration.

TABLE 2.  Length (days) of seasons for individual Whimbrels and associated hazard rates as determined by satellite tracking between 
2008 and 2017. Daily hazard rates (and 95% confidence intervals, CI) were estimated using the Cox Proportional Hazard model. Sample 
sizes represent number of individuals (total number of seasons) for which length of season could be determined.

Season n (seasons) Mean ± SE Range Hazard rate 95% CI

Fall migration 33 (53) 45.3 ± 2.2 29–88 0.0044 0.0024–0.0082
Winter 29 (43) 222.5 ± 2.3 200–249 0.0012 0.0006–0.0023
Spring migration 22 (42) 47.1 ± 2.2 22–70 0.0053 0.0027–0.0106
Breeding 33 (44) 41.6 ± 2.6 8–83 0.0001 0.00009–0.0045

FIGURE 3. Monthly Kaplan-Meier survival estimates (± SE) for Whimbrels (n = 33) tracked with satellite transmitters throughout the 
Western Atlantic Flyway (2008–2017). No birds were lost during March and December (survival = 1).  All birds survived all days of the 
period leaving no variance.
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Confirmed or probable mortality events were widely dis-
tributed throughout the geographic areas where birds were 
tracked (Figure 1). However, the greatest concentration of 
events was along the northern coast of South America 
from Guyana to Brazil. Contact with these birds was lost as 
they moved west to east along the shoreline toward Brazil 
or just after arriving on winter territories in Brazil. A sec-
ond cluster of fall events was located on islands within the 
Caribbean Basin. Mortality events during spring migra-
tion were scattered. Most events occurred within terminal 
spring staging areas (n = 2) or during final flights to breed-
ing grounds (n = 5).

Mortality
Most mortality events were categorized as “probable death 
of a bird” and the underlying cause was undetermined. 
However, some of the causes of mortality were confirmed 
or could be inferred by circumstances. Two birds were 
shot by hunters on Point Allegre and Port Louis Swamp on 
Guadeloupe during fall migration. One of the transmitters 
was turned in by a hunter and the second was recovered 
in the swamp. A  third bird was presumably taken by a 
predator and the transmitter was left on the roof of a bank 
in San Mateo, Puerto Rico. Two birds were lost over the 
open ocean as they were approaching land. One of these 
birds was lost in a fallout over the Atlantic within 600 km 
of Brazil following a 6,290-km flight from the Gulf of St. 
Lawrence, Canada. The second bird was lost in the spring 
over the Gulf of Mexico within 120 km of land following 
a 6,260-km flight from Brazil. One of the birds classified 
as “probable mortality” was lost 5 days after being photo-
graphed in poor condition while staging during the fall 
along the lower Delmarva Peninsula in Virginia.

DISCUSSION

The annualized survival rate estimated from the cohort 
of tracked adults was 0.54  ±  0.21. The “break-even” sur-
vival rates for this population are believed to fall between 
0.8 and 0.9 (see Methods section). Previous estimates of 
adult survival for North American Whimbrels have been 
derived from the return rates of marked adults to nesting 
territories (Skeel 1983, Perz 2014, Johnson et al. 2016). Re-
cent return rates reported from the Churchill study area 
include 0.64 (2011–2013) and 0.65 (2012–2013) (Perz 
2014, Johnson et al. 2016). The former return rate resulted 
in an apparent survival rate of 0.73 ± 0.06 (Perz 2014). The 
collective population of Whimbrels using the Atlantic Fly-
way is believed to have declined by 50% between the early 
1990s and the mid-2000s, or an average annual rate of de-
cline of 4% per year (Watts and Truitt 2011, Morrison et al. 
2012). Among 37 shorebird populations evaluated within 
the Western Atlantic Flyway, the Whimbrel was the fifth-
most sensitive to increases in adult mortality (Watts et al. 

2015b). The mean survival rate reported here is well below 
the range estimated for population maintenance, suggest-
ing that low adult survival may be contributing to popula-
tion declines. However, the variance of the survival esti-
mate is high, such that the 95% CI includes the full range 
of sustainable values, placing some uncertainty on the role 
that survivorship has played in documented declines.

One of the drawbacks of using tracking devices to esti-
mate survival is the potential confounding influence of the 
device on mortality. Over the past 30 yr, the use of tracking 
devices to investigate bird movement has grown dramat-
ically and concerns of impacts on behavior and survival 
have followed (Vandenabeele et  al. 2012, Enstipp et  al. 
2015, Weiser et  al. 2016, Schacter and Jones 2017). One 
primary concern is load and the impact that added mass 
may have on flight range. Weiser et  al. (2016), working 
across a wide range of shorebird species, reported that the 
impact of tracking devices on return rates to the breeding 
grounds was higher for small-bodied species compared to 
larger species, and was higher when the load was greater 
than 3% of body mass. However, Wong and Sandercock 
(2007) demonstrated that transmitters attached with leg 
loop harnesses reduced breeding return rates for Upland 
Sandpipers (Bartramia longicauda) compared to controls. 
Johnson et al. (2016) showed that the return rate of Whim-
brels to the Churchill study area was not influenced by 
attachment of 0.65-g geolocators. We found no effect of 
transmitter size (9.5 vs. 5.0  g) on daily hazard rates. The 
9.5-g and 5.0-g transmitters represent a load of 2% and 1%, 
respectively, for lean-mass birds arriving in Virginia from 
South America (F. M. Smith et al. personal observation). 
During spring stopover, birds put on 200 g of fat such that 
the transmitter adds an additional ≤5% (9.5 g) to this fat 
load or a load of 2% and 1% for fat-mass birds. The influ-
ence of this load on the power and total energy consump-
tion required to complete a long flight is expected to be 
very small (Hedenstrom 2010). However, increased load is 
only one type of impact associated with the use of trans-
mitters to track migrating birds. Pennycuick et al. (2012) 
demonstrated that square-fronted transmitters may in-
crease the drag coefficient by 50%, increasing energy ex-
penditure and reducing flight range or energy reserves 
available upon arrival.

We recorded >100 flights longer than 2,000 km, >40 
flights longer than 4,000 km, and 25 flights longer than 
5,000 km (B. D. Watts et al. personal observation). All of 
these flights were completed except for 2, including a bird 
that was lost during fall migration over the Atlantic within 
600 km of Brazil following a 6,290-km flight from the Gulf 
of St. Lawrence, Canada, and a bird that was lost during 
spring migration over the Gulf of Mexico within 120 km of 
land following a 6,260-km flight from Brazil. Transmitters 
may have reduced flight range for these 2 birds resulting 
in their inability to complete transoceanic flights. It is also 
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possible that transmitters may have contributed to the loss 
of birds during their final movements to breeding grounds. 
However, it seems unlikely that transmitters contributed 
in a substantive way to the clusters of mortality along the 
northern coast of South America or on Caribbean islands. 
All birds along the coast were lost after a week or more 
from the time they made landfall and so would likely have 
recovered from their transoceanic flights. Birds lost on the 
islands were put down by storms. Two of these birds were 
confirmed to have been shot.

We recorded mortality during all seasons. The gen-
eral structure of the annual cycle as determined directly 
by satellite tracking is similar to that reported elsewhere 
derived from geolocators (Johnson et al. 2016) and from 
observations of arrival and departure dates (Skeel and 
Mallory 1996, Wilke and Johnston-Gonzalez 2009). 
More than 60% of the annual cycle is dominated by the 
winter period, so birds are exposed to hazards within 
the winter range for an extended time. By comparison, 
birds are exposed to hazards on the breeding grounds 
for only 11% of the year and during spring and fall mi-
gration each for only about 13% of the year. However, 
during migration birds are likely exposed to a greater 
diversity of hazards as they navigate a series of stopover 
locations and flights with extreme energetic demands. 
Daily hazard rates were more than 5 times higher during 
migration compared to the stationary periods.

Fall migration accounts for nearly half (47%) of all con-
firmed or probable mortality events recorded, and thus 
appears to be the most significant bottleneck in survivor-
ship for Whimbrels using the Western Atlantic Flyway. An 
additional 10% of the total mortality events were recorded 
shortly after birds arrived on the wintering grounds. 
A large portion of the fall and winter mortality (>60%) oc-
curred where both legal and illegal hunting activity is cur-
rently concentrated and during the peak time of hunting 
season (Watts and Turrin 2016).

Large shorebird species such as the Whimbrel, yellow-
legs (Tringa spp.), and godwits (Limosa spp.) are prized by 
hunters and face a disproportionate amount of the harvest 
pressure (Hutt 1991, Ottema and Ramcharan 2009, Wege 
et al. 2014, Andres 2017). The estimated sustainable mor-
tality limit is 1,200 for Whimbrels using the Western At-
lantic Flyway (Watts et al. 2015b). The annual harvest on 
a portion of Barbados alone ranges from 100 to 160 indi-
viduals (Wege et al. 2014). Whimbrel harvest levels within 
the French West Indies are poorly documented, but the 
take of more than 100 individuals from a single swamp was 
documented in 2013 (A. Levesque personal communica-
tion). Annual harvest of Whimbrel within Saint Pierre and 
Miquelon is estimated to be in the range of 50–80 indi-
viduals (J. Paquet personal observation). Given these es-
timated takes for such a small portion of the areas where 
they may be legally taken, it is possible that the legal har-

vest alone may exceed the estimated sustainable mortality 
limit. Of particular concern is hunting within the coastal 
countries of northern South America. Whimbrels that 
make landfall along the western coast of northern South 
America (e.g., Venezuela, Guyana) and slowly move east 
toward winter territories in Brazil have high exposure to 
hunters along this route. All winter mortality or probable 
mortality events occurred as birds were just arriving on 
winter territories, a period that overlaps the peak hunting 
season. Both legal and illegal take continue to be a concern 
throughout the primary wintering area along the northern 
coast of South America (northern Brazil, French Guiana, 
Suriname, and Guyana), although harvest levels in that 
region are poorly understood (Ottema and Spaans 2008, 
Morrison et al. 2012, Andres 2017, Atlantic Flyway Shore-
bird Initiative Harvest Working Group 2017).

Many confirmed or probable mortality events occurred 
during spring migration within terminal staging sites or 
during final movements to breeding grounds. Staging ar-
eas used to fuel final flights to the breeding grounds have 
been suggested to be particularly consequential to the 
success of the annual cycle for some shorebird species 
(Piersma et al. 2005, Morrison et al. 2007, Aharon-Rotman 
et  al. 2016). These sites often support concentrated food 
resources that allow birds to acquire and store enough en-
ergy to make final flights to breeding grounds and arrive 
in a condition adequate to withstand unpredictable wea-
ther conditions and prepare for breeding (e.g., Tulp et al. 
2009, Vezina et al. 2012, Hua et al. 2013), often under tight 
schedules (e.g., Sandercock 1998, Atkinson et  al. 2007, 
Smith et al. 2010). Departure from terminal staging areas 
and arrival on breeding grounds is highly synchronous in 
Whimbrels (Johnson et al. 2016, Watts et al. 2017). Whim-
brels appear to have high mate fidelity (Skeel 1983) and the 
interval between arrival and egg laying is often short (Skeel 
and Mallory 1996), suggesting an advantage to highly syn-
chronous arrival. Despite the possible importance of link-
ages between terminal staging areas and breeding success, 
relationships to adult mortality have not been investigated. 
Given the significance of this bottleneck, identifying the 
underlying causes of mortality during this period should 
be a research priority. As indicated above, there is a possi-
bility that survival of spring migration may have been im-
pacted by the use of transmitters.

With the exception of when they are engaged in long 
flights, Whimbrels must contend with increasing pre-
dation pressure throughout their entire annual cycle. In 
particular, there has been a dramatic recovery of Pere-
grine Falcons (Falco peregrinus) from historic lows in the 
1980s caused by the widespread use of dichlorodiphenyl-
trichloroethane (DDT) (Enderson et  al. 1995). Through-
out much of their annual cycle, Peregrine Falcons spe-
cialize on shorebirds (e.g., Dekker 1995, Steidl et al. 1997, 
Long 2009), and their recovery has increased predation   
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pressure several-fold within wintering areas (Risebrough 
et  al. 1990, Ottema and Spaans 2008) and stopover sites 
(Ross et  al. 2012, Watts et  al. 2015a) since the 1980s. 
Changes in predation pressure related to Peregrine Fal-
con  recovery have been suggested to influence selection 
of stopover sites (Ydenberg et  al. 2002), foraging tactics 
(Ydenberg et  al. 2004), and migration timing and path-
ways (Lank et al. 2002) for small sandpipers. Peregrine Fal-
cons and other predators play a role in survival patterns in 
Whimbrel and at least one of the mortality events recorded 
here was likely caused by a Peregrine Falcon (transmitter 
was stationary and transmitting from the roof of a build-
ing in Puerto Rico and was recovered with the leg-loop 
harness intact). The increase in Peregrine Falcon density 
within significant winter areas almost certainly plays a role 
in winter mortality. In addition to the bird that was taken 
in Puerto Rico, birds that were lost before dispersing from 
the capture site in the Mackenzie River may have been lost 
to the resident pair of Gyrfalcons.

We were not able to independently verify that our clas-
sifications of losses of transmitter contact were accurate. 
Only 24% of classifications were confirmed and “probable 
death” was the largest category, representing 55% of con-
tact losses. If some of the losses assigned to this category 
were actually due to transmitter failure we would have 
underestimated the annual survival rate. However, there 
is no reason to suspect that transmitter failures would ex-
hibit a seasonal pattern. More than 80% of events occurred 
during the later stages of spring and fall migration, peri-
ods that represent only 10% of the annual cycle. Therefore, 
while there may be errors of attribution for some birds, we 
are confident in the seasonal patterns detected.

Conclusions
Annual survival of adult Whimbrels using the Western 
Atlantic Flyway appears to be on the lower end of that re-
quired for population maintenance, suggesting that adult 
mortality may be a contributing factor to ongoing declines. 
We identified 2 bottlenecks in mortality, including (1) the 
latter half of spring migration and (2) the latter half of fall 
migration extending into early winter. Causes of mortal-
ity within stopover areas or during long flights are unclear 
but may be due in part to the use of transmitters. The re-
covery of Peregrine Falcons may have increased mortality 
within stopover areas and on winter grounds. Mortalities 
during the later stages of fall migration and soon after ar-
rival on the winter grounds represent nearly 60% of the 
annual total and were documented during the fall hunting 
season and within the last remaining area throughout the 
Western Hemisphere where significant legal and illegal 
hunting occurs.

Although hunting continues to occur within a relatively 
small geographic region, the area included is very signifi-
cant to shorebirds within the Western Atlantic Flyway. 

Since an initial symposium was held in the fall of 2011, 
hunting has been identified as a potential population- 
level constraint for some shorebird species (Andres 2017). 
Hunting has been included in the recent Atlantic Flyway 
Shorebird  Initiative (National Fish and Wildlife  Foundation 
2015) and an international coalition has been focused on 
strategic tasks  including quantifying sustainable  harvest 
levels, assessing current policies, estimating current 
 harvest levels within key geographic areas, and strength-
ening enforcement of existing laws (Atlantic Flyway Shore-
bird Initiative Harvest Working Group 2017). However, a 
continuing impediment to effective management has been 
our inability to achieve an adequate assessment of current 
harvest levels. Investments in efforts to clarify factors con-
tributing to reduced adult survival throughout the Flyway 
and discussions about how to improve policies to ensure 
sustainable populations should be priorities.
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