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Abstract Cape May, New Jersey is an important stopover area for American woodcock (Scolopax minor,; hereafter 
woodcock) during fall migration along the Atlantic Coast of the United States. Previous research has indicated that many 
woodcock stop at Cape May prior to crossing Delaware Bay; however, little is known about survival of woodcock while 
using Cape May. To better understand woodcock survival on Cape May during fall migration and to estimate emigration 
rates for woodcock migrating through Cape May, we captured and marked a total of 271 woodcock with VHF transmit-
ters and radio-tracked them weekly from November through early January 2010-–2013. Of the 271 marked woodcock, our 
radio-tracking efforts indicated that 131 migrated from Cape May, 57 remained on Cape May, 72 died, and 11 were censored. 
We used a multi-state model within Program MARK to estimate weekly survival and emigration probabilities for marked 
woodcock. Our best-supported model indicated that survival rate varied by year, but was constant by week within years. 
Weekly survival rate estimates ranged from 0.894 (95% CI = 0.834 – 0.934) in 2010 to 0.962 (95% CI = 0.928 – 0.981) in 
2011, which equates to a 9-week period survival rate ranging from 0.365 (95% CI = 0.185 – 0.545) to 0.706 (95% CI = 0.541 – 
0.870), respectively. The 2010–-2011 field season was marked by several large snowstorms during which a large percentage 
of marked woodcock died, whereas the other 3 years had more mild conditions and higher woodcock survival rates. Our 
best-supported model indicated that weekly emigration rates varied by year and week, with each year showing a different 
pattern of emigration from Cape May. Survival and emigration information will be useful in the development of future 
demographic-based population models for woodcock migrating along the Atlantic Coast.
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The Cape May Peninsula in southern New Jersey has long 
been recognized as important to migrating American 
woodcock (Scolopax minor, ; hereafter woodcock). Cape 
May forms a natural funnel where woodcock migrating 
along the East Coast of the U.S. concentrate prior to cross-
ing Delaware Bay during fall migration. During a 5-year 
study from 1968 to 1972, Krohn et al. (1974) banded over 

2,200 woodcock on Cape May in the fall. Band recov-
eries from their work indicated that woodcock migrat-
ing through Cape May wintered on the coastal plain of 
Virginia and North Carolina and originated from New 
England and eastern Canada. All recoveries, both direct 
and indirect, were from within the area defined as the 
Eastern Woodcock Management Region (Cooper and 
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Kelley 2010). Although the work by Krohn et al. (1974) 
provided information on the importance of Cape May to 
woodcock, information on how long woodcock stayed in 
Cape May or their survival there is unknown.

To date, most published estimates of period-specific 
woodcock survival rates, using radio telemetry techniques, 
have focused on estimating survival rates during the 
breeding season (e.g., Longcore et al. 1996, 2000; McAuley 
et al. 2010; Derleth and Sepik 1990) or during the winter 
(Krementz and Berdeen 1997, Krementz et al. 1994, Pace 
2000). Data are lacking for woodcock survival rates during 
migration (Longcore et al. 1996, D.J. Case and Associates 
2010);, a period when woodcock may have higher mor-
tality risks because they are transient, 
and at least for first-time migrants, are 
using new, unfamiliar areas as they 
migrate. Information about survival 
rates during migration comes primar-
ily from banding data and telemetry 
studies (Longcore et al. 1996, 2000), 
with additional information com-
ing from assessments of the effect of 
hunting on survival rates coinciding 
with the start of fall migration in the 
Northeast (McAuley et al. 2005) and 
Midwest U.S (Bruggink et al. 2013). 
Although these studies of hunting 
effects on survival rates extended par-
tially into the fall migration period, 
both ended in November and there 
are no assessments of survival rates 
later in the fall at important mid-lat-
itude locations such as on the Cape 
May Peninsula.

Because woodcock populations 
have experienced long-term declines 
(Seamans and Rau 2016), managers 
need to better understand what por-
tion of the woodcock’s annual cycle 
may be limiting populations (D.J. 
Case and Associates 2010). Determin-
ing period survival rates using radio 
telemetry may help to better under-
stand factors limiting woodcock pop-
ulations and be useful for deriving 
population models that include the 
entirety of the annual cycle for wood-
cock. As such, the primary objectives 
of our study were to estimate survival 
rates for woodcock using Cape May 
during late fall/early winter and to 
better understand emigration patterns 
for woodcock migrating through Cape 
May, New Jersey.

Study Area
We conducted our study in Cape May County, New Jer-
sey USA (39.1521˚N, -74.8065˚W). Cape May County is 
a peninsula at the southern end of New Jersey separating 
Delaware Bay from the Atlantic Ocean (Fig. 1). The land-
scape is a composite of active and abandoned farm fields, 
woodlands, and suburban and commercial development 
(Allen 2017). Topography is relatively flat, (average eleva-
tion of 14 m above sea level, SD = 11.1 m, max = 60.0 m), 
with oak (Quercus spp.)-pine (Pinus spp.) forest on well-
drained sites, whereas and poorly drained sites are dom-
inated by maple (Acer spp.) and sweetgum (Liquidamber 
stryaciflua) forests. We captured woodcock on properties 

Figure 1. Study area and trapping locations (numbered sites) where 
American woodcock were radio-marked and monitored during 
migration at Cape May, New Jersey, 2010–2013. TNC = The Nature 
Conservancy, NJDEP = New Jersey Department of Environmental 
Protection, and CMNWR = Cape May National Wildlife Refuge.
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owned and managed by the Cape May National Wild-
life Refuge (CMNWR), New Jersey Division of Fish and 
Wildlife (NJDFW), and the New Jersey Chapter of The 
Nature Conservancy (TNC) (Fig. 1). State, federal, and 
municipality lands accounted for most of the land own-
ership on Cape May (Cape May County records),; but 
because woodcock also used lands in private ownership, 
we extended our work onto these lands when radio-tagged 
woodcock left state, federal, or municipality land holdings.

Methods
Field Methods
We captured and radio-marked woodcock at Cape May 
during the fall and early winter period from 2010 through 
2013. We began fieldwork during the last week of Octo-
ber and ended radio tracking marked woodcock from 
mid-January to early February each year depending on 
funding and field technician availability. As such, we only 
used data from a 9-week period (1 November until early 
January) each year to estimate survival and emigration 
rates because we had consistent data for this period during 
all 4 years of our study.

We captured woodcock on fields at night using 
night-lighting techniques (Rieffenberger and Kletzly 
1967) and fitted individuals with a uniquely numbered U. 
S. Geological Survey leg band and an approximately 4.0-g 
VHF radio transmitter (Advanced Telemetry Systems, 
Inc., Isanti, MN) using methods described by McAuley 
et al. (1993). We aged woodcock as hatch-year (HY) and 
after hatch-year (AHY), determined sex using wing char-
acteristics (Martin 1964, Mendall and Aldous 1943), and 
measured mass (± 1 g) and bill length (± 1 mm) for each 
individual. We used bill length to aid in sex determination 
(Mendall and Aldous 1943). We radio-marked between 
50 and 80 individuals each year, and staggered radio-tag 
deployment to about 10 woodcock per week to maximize 
temporal coverage throughout the migration period. We 
deployed transmitters in this manner to maintain ade-
quate sample sizes and account for the constant turnover 
of woodcock migrating through our study area. Cape May 
is best known as a migratory stopover site for woodcock 
and other birds, but woodcock breed and remain on the 
peninsula year- round (https:// www.timberdoodle.org). 
As such, we searched the study area in early March each 
year to determine if any woodcock in our marked sampled 
remained on Cape May going into the breeding season. 
The transmitters we used lasted ≥6 months, so we should 
have detected radio-marked woodcock if they remained 
on Cape May in early March.

We used a vehicle with a 6-element Yagi antenna 
mounted on the roof to search for radio-tagged woodcock 
daily. We attempted to locate each marked woodcock every 
2 days on foot by homing to it without flushing using a 
three-element Yagi (Advanced Telemetry Systems, Isanti, 

MN) or H-style antenna (Telonics Inc., Mesa AZ) and 
handheld receiver. We established a woodcock’s status (i.e., 
alive, dead, or not encountered) during these observations. 
For woodcock found dead, we determined the cause of 
death based on a post-mortem examination and classified 
the cause of death as avian predation (carcass in tree, bill 
marks on harness, feathers plucked around the carcass), 
mammalian predation (teeth marks on the harness, most 
of the carcass eaten), or unknown mortality. We recorded 
presence/absence of a woodcock in the study area on days 
that we did not home in on an individual. When we did 
not detect radio-tagged woodcock, we systematically 
searched the study area using a vehicle with a mounted 
antenna and receiver, and we continued monitoring for 
the presence of those individuals for the duration of the 
field season. If we did not relocate a marked individual 
during consecutive 2-day survey periods, we assumed the 
bird migrated from Cape May. To test this assumption, we 
conducted 2 aerial reconnaissance flights over Delaware, 
the Eastern Shore of Maryland, and northern Virginia 
on 22 December 2011 and 4 January 2012 to search for 
marked woodcock.

All procedures involving woodcock were approved by 
the U.S. Geological Survey Patuxent Wildlife Research 
Center Animal Care and Use Committee.

Statistical Methods
We used multi-state live-recapture models in Program 
MARK (White and Burnham 1999, White et al. 2006) to 
estimate survival and emigration rates for woodcock using 
Cape May as a stopover site during fall migration. Multi-
state models allow estimation of survival (S), live-recap-
ture (p), and transition probabilities (ψ) between states. 
For our analysis, we considered 2 states: within the study 
area (C for Cape May) and outside the study area (O for 
outside the study area). Our primary interest was esti-
mating survival rates of woodcock spending time in Cape 
May (SC) and trends in emigration rates from Cape May 
(ψCO). Because all woodcock in our study were equipped 
with radio transmitters, we assumed that detection rates 
were 1 within the Cape May study area (pC = 1) and that 
we knew with certainty when birds left the study area (i.e., 
if a radio signal was not detected, we assumed the indi-
vidual emigrated from the study area and migrated south; 
pO = 1 for the first interval a woodcock was not detected). 
We also assumed that once woodcock emigrated from the 
study area, they could not return (ψOC = 0), and censored 
them from the analysis for the remainder of that season. .

Our primary goal for this analysis was to explore 
annual patterns in survival rates and within- and among-
year patterns in emigration rates. Therefore, we considered 
2 alternative patterns in survival rates: constant among 
years (S.C) and categorical year effects (Sy

C). Because we 
only had 4 years of data and resulting small numbers of 



149

American Woodcock Survival at Cape May · McAuley et al.

woodcock in any given week, we did not evaluate trends 
in weekly survival rates among years. As described above, 
we tracked marked woodcock weekly and organized the 
capture histories into 9 within-season, week-long periods. 
We considered 4 alternative temporal models for transition 
probabilities: constant among periods (ψ.CO);, categorical 
effects of period (ψt

CO),; linear trend over the 9 periods 
(ψT

CO);, and quadratic trend over the 9 periods (ψCO
T2 ). We 

included each of these 4 alternatives with and without 
interactive effects of year: ψCO

y , ψCO
y*t , ψCO

y*T , and ψCO
y*T2. We 

included these 8 transition models with the 2 alternative 
models of survival rates for a total of 16 models. We ranked 
the 16 models using a sample-size adjustment of Akaike’s 
Information Criteria (AICc; Burnham and Anderson 
2002) and used model weights to estimate model-averaged 
estimates of weekly survival and emigration probabilities. 
We determined the 9-week period survival rate (PSR) for 
each year by taking the weekly survival rate and raising it 
to the 9th power, with the SE of PSR determined using the 
delta method (Powell 2007).

A secondary objective of this analysis was to explore 
potential effects of age and sex on survival rates of wood-
cock stopping on Cape May. We used the top-ranked 
model describing trends in survival rates to estimate sur-

vival rates based on sex and age (hatch year versus after 
hatch-year). We compared additive versus interactive 
effects of sex on survival rates, but only considered addi-
tive effects of age because the sample size of after hatch-
year woodcock was too small to estimate effects among 
years. The findings and conclusions in this article are those 
of the authors and do not necessarily represent the views 
of the U.S. Fish and Wildlife Service and the U. S. Geolog-
ical Survey.

Results
During our 4 field seasons (2010–2013), we radio-marked 
and tracked 271 woodcock during the 9-week periods from 
1 November through early January. The sample included 
142 hatch-year males, 27 after hatch-year males, 82 hatch-
year females, and 20 after hatch-year females (Table 1). 
The fates of marked woodcock in our sample included 
72 that died, 57 that remained on Cape May and were still 
alive at the end of our tracking period, 131 that migrated, 
and 11 that were censored (Table 2). The censored wood-
cock included 9 that slipped their transmitter harness and 
2 that died due to their bill getting stuck in the transmit-
ter harness. We could not determine the cause of mortality 
for 32 woodcock, whereas predation was the likely cause of 
death for 40 individuals (Table 2).

We did not find any live birds remaining from 
our marked sample when we searched the study area 
in the beginning of March each year. During the 
2 reconnaissance flights south of our study area, we 
located 6 birds;: 3 on the Eastern Shore of Maryland, 
1 on the Eastern Shore of the Virginia National Wildlife 
Refuge, and 2 in northern Virginia. Although we located 
only 6 woodcock during these flights, locations of these 
6 woodcock provided support for our assumption that 
woodcock not relocated on Cape May had migrated south 
of our study area.

Our AIC best-supported model (Table 3) indicated that 
survival rates were constant by week but varied by year 

and that weekly emi-
gration rates followed 
different quadratic 
trends among years. 
Weekly survival rates 
ranged from 0.894 (95% 
CI = 0.834 – 0.934) in 
2010 to 0.962 (95% CI 
= 0.928 – 0.981) in 2011 
(Fig. 2), which equates 
to a 9-week period sur-
vival rate (PSR) ranging 
from 0.365 (95% CI = 
0.185 – 0.545) to 0.706 
(95% CI = 0.541 – 0.870), 
respectively (Table 4). 

Table 2. Fates of 271 American woodcock VHF-tracked on the Cape May Peninsula of 
New Jersey, 2010–2013 Table 1. Cohort summary for 271 woodcock VHF-tracked on the 
Cape May Peninsula of New Jersey, 2010–2013 (HY = Hatch Year, AHY = After Hatch-Year).

Year
Mortality

Unknown Avian Mammalian Censored Migrated Stayeda Total
2010 22 0 0 2 30 5 59
2011 1 5 3 1 19 24 53
2012 7 16 4 4 33 15 79
2013 2 8 4 4 49 13 80
Total 32 29 11 11 131 57 271

a	 Were alive and still on Cape May at the conclusion of the tracking period in early January each year.

Table 1. Cohort summary for 271 woodcock VHF-
tracked on the Cape May Peninsula of New Jersey, 
2010–2013 (HY = Hatch Year, AHY = After Hatch-Year).

Year
Male Female

TotalHY AHY HY AHY
2010 25 5 22 6 58
2011 23 7 19 4 53
2012 50 2 22 6 80
2013 44 13 19 4 80
Total 142 27 82 20 271
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Our best-supported model indicated that weekly emigra-
tion rates varied by year and week with each year exhib-
iting a different pattern of emigration from Cape May 
(Fig. 3). This model indicated that emigration rates were 
low and relatively constant throughout most of 
the study, with a rapid increase during the last few 
weekly periods in 2010. In 2011, emigration rates 
were close to zero the first few weekly periods, fol-
lowed by a peak during period 6 and then a decline 
towards the end of the season. The temporal trend 
in emigration rates during 2012 was similar to the 
pattern observed in 2010, whereas the peak emigra-
tion rate appeared to be during the first few weekly 
periods in 2013. Overall, emigration rates ranged 
from none up to a one-third of woodcock leaving in 
a given week.

Because the survival rate model that included an 
interaction between sex and year on survival rates 
did not converge, we considered age and sex as 
additive effects to year to assess whether those vari-
ables improved model fit and to estimate any poten-
tial effects of those variables. Including sex (Δ AICC 
= 1.51) and age (Δ AICC = 1.70) did not improve 
the fit of the best-supported model. Parameter esti-
mate for the effect of sex indicated that males had 
slightly higher survival rates than females and the 
estimate for age indicated that after hatch-year 
woodcock had slightly higher survival probabilities 
than hatch-year woodcock. However, confidence 
intervals for both parameter estimates broadly 
overlapped zero, indicating that the effects of these 
variables were weak (βsex= 0.28, 95% CI = -0.45, 1.0; 
βage= 0.32, 95% CI = -1.40, 0.76).

Discussion
Our period survival rate estimates (PSR) for Novem-
ber through early January ranged from 0.365 (95% 
CI = 0.185 – 0.545) to 0.706 (95% CI 
= 0.541 – 0.870). These estimates 
represent the first empirical survival 
rate estimates for woodcock during 
the late fall/early winter portion of 
the annual cycle. Previous estimates 
(e.g., Longcore et al. 1996, 2000) 
for this period were derived using 
annual survival estimates from band-
ing data combined with PSRs esti-
mated with telemetry data for other 
periods of the year (e.g., breeding 
season, post-breeding, wintering). 
Longcore et al. (1996) derived a PSR 
of 0.853 for after hatch-year male 
woodcock during mid-October to 
mid-December, whereas Longcore et 

al. (2000) derived a PSR of 1.045 for after hatch-year females 
during the same period. Both these estimates were higher 
than our estimates and are likely biased high, especially the 
PSR for after hatch-year females (1.045), which is unrealistic, 

Table 3. Relative rankings of 16 a priori models of weekly 
survival (S) and emigration (ψ) probabilities for radio-marked 
American woodcock using the Cape May Peninsula of New 
Jersey during late fall, 2010–2013. Data include differences 
in Akaike information criteria (∆AICc), AICc weights (wi), 
number of model parameters (K), and model deviance.

Modela AICc ∆ AICc AICc wi K Deviance

, ψ
COSC
y*T2y 1135.65 0 0.72 16 1103.14

, ψ
COSC
y*ty 1138.15 2.50 0.21 36 1063.62

, ψ
COSC
y*T2. 1140.93 5.28 0.05 13 1114.59

, ψ
COSC
y*t. 1143.20 7.55 0.02 33 1075.07

, ψ
COSC
y*Ty 1148.13 12.48 0 12 1123.84

, ψ
COSC
y*T. 1153.45 17.81 0 9 1135.29

, ψ
COSC
yy 1173.50 37.85 0 8 1157.36

, ψ
COSC
T2y 1174.25 38.60 0 7 1160.14

, ψ
COSC
Ty 1177.65 42.00 0 6 1165.57

, ψ
COSC
y. 1178.87 43.22 0 5 1168.82

, ψ
COSC
T2. 1179.63 43.99 0 4 1171.60

, ψ
COSC
t. 1181.27 45.62 0 12 1156.98

, ψ
COSC
T. 1183.05 47.40 0 3 1177.03

, ψ
COSC
.y 1184.13 48.48 0 5 1174.08

, ψ
COSC
t. 1186.60 50.95 0 9 1168.43

, ψ
COSC
.. 1189.54 53.89 0 2 1185.53

a	 S = survival, ψ = emigration, y = year effects, t = categorical period effect, 
T = linear trend among periods, T2 = quadratic trend among periods, 
C = Cape May, CO = emigration from Cape May to outside of Cape May 
study area, and * = interactive effect between parameters.

Table 4. Weekly survival rate estimates, standard errors (SE), 95% confidence 
interval (CI), and 9-week period survival rate estimates (PSR), standard errors 
(SE), and 95% confidence interval (CI) for American woodcock using the 
Cape May Peninsula of New Jersey, 2010–2013.

Year
Weekly 

Survival SE 95% CI PSRa SE(PSR) 95% CI PSR
2010 0.894 0.0250 0.834–0.934 0.365 0.092 0.185–0.545
2011 0.962 0.0127 0.928–0.981 0.706 0.084 0.541–0.870
2012 0.948 0.0117 0.919–0.967 0.618 0.069 0.484–0.753
2013 0.954 0.0124 0.922–0.973 0.655 0.077 0.504–0.805
a	 PSR = November through early January; calculated by taking weekly 

survival to the 9th power. SE of PSR was calculated using the delta method 
(Powell 2007), where var(PSR) = 92WSR(9-1)*2 × var(WSR).
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as Longcore et al. (2000) noted. Sur-
vival estimates based on band recover-
ies may not be reliable because so few 
woodcock are banded and recovery 
rates are low (Dwyer and Nichols 1982).

Other telemetry studies (e.g., 
Krementz et al. 1994, McAuley et al. 
2005) have estimated PSRs during the 
fall and winter; however, their study 
locations and periods differed from 
those in our study. Nonetheless, sur-
vival rate estimates calculated from 
these studies were useful for deriv-
ing cumulative estimates to compare 
with our PSRs. McAuley et al. (2005) 
estimated survival rate from Septem-
ber to the end of November within 
the northern part of the Eastern 
Management Region and found no 
difference between hunted (0.636) 
and non-hunted sites (0.661). They 
also estimated a weekly survival rate 
of 0.981 for the month of Novem-
ber after the hunting season ended, 
which equates to a November PSR 
of 0.925. Krementz et al. (1994) esti-
mated winter survival (0.647) during 
the period from December through 
February/March within the southern 
portion of the Eastern Management 
Region. Combining the non-hunted 
site estimate (0.661) from McAuley 
et al. (2005) with the winter survival 
estimate (0.647) from Krementz et 
al. (1994) provides a cumulative sur-
vival rate estimate of 0.428 from the 
beginning of September through Feb-
ruary/March. Combining the Novem-
ber survival estimate (0.925) calcu-
lated from McAuley et al. (2005) with 
the Krementz et al. (1994) estimate 
(0.647) provides a cumulative survival 
rate estimate of 0.598 from Novem-
ber through February, a period more 
closely matching our study period. Both to of these cumula-
tive estimates, —0.428 and 0.598, respectively, —fall within 
the range we estimated (0.365 to 0.706) for woodcock using 
Cape May during November through early January.

Predation and exposure were the primary causes of 
mortality based on our examination of recovered wood-
cock. Although we could not always identify the spe-
cies of predator that killed radio-marked woodcock, our 
post-mortem examinations indicated that avian predators 
were probably responsible for most deaths from preda-

tion. Avian predators were extremely numerous on Cape 
May;, with raptors likely being the most frequent cause 
of mortality based on evidence we observed at recovery 
sites (e.g., woodcock remains found below perches, talon 
marks in skin, piles of feathers, and stripped carcasses). 
Extreme weather events also contributed to mortality, par-
ticularly a severe snowstorm that occurred in late Decem-
ber 2010. We attributed 13 of the 22 unknown mortalities 
that occurred in 2010 to the late December storm. We doc-
umented no hunting mortalities during our study even 

Figure 2. Mean weekly survival rate estimates for American woodcock 
using the Cape May Peninsula of New Jersey, 2010–2013.

Figure 3. Period (weekly) emigration rates and associated 95% 
confidence intervals for American woodcock using the Cape May 
Peninsula of New Jersey during November through early January 
2010–2013.

American Woodcock Survival at Cape May · McAuley et al.
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though woodcock hunting season was open during part of 
the period we tracked woodcock on Cape May.

We determined that weekly emigration rates from Cape 
May varied by year and week within each year. There were 
several weeks where no marked woodcock left the pen-
insula, versus other weeks when as many as one-third of 
the marked woodcock migrated. Nearly 20% of marked 
woodcock (57) remained in Cape May at the end of the 
tracking period into January, indicating that Cape May is 
potentially an important over wintering area for wood-
cock within the Eastern Management Region; however, 
woodcock wintering on Cape May, however, are vulner-
able to extreme storm events as occurred like that occur-
ring in during late December 2010. Krohn and Clark (1977) 
reported some band recoveries from southern New Jersey 
during the winter, but the extent to which woodcock win-
ter at mid-latitudes in the Eastern Woodcock Management 
Region is unknown.

A majority of the woodcock we tracked were hatch-
year birds (Table 1). Past studies indicated a disparate age 
ratio of woodcock using Cape May. Haramis and McAu-
ley (2010) used a series of towers to record the passage of 
VHF-marked woodcock through Cape May captured as 
part of the study of McAuley et al. (2005). In 1998, they 
detected 4 woodcock, in 1999 they detected 19 woodcock, 
and in 2002 they detected 20 woodcock. Only 2 woodcock 
landed on Cape May--; most passed over Cape May in 
flight. The woodcock that stopped on Cape May stayed a 
couple of days before emigrating.

Our study provides some of the first information about 
woodcock survival rates at mid-latitude stopover sites, 
but we were unable to assess the relation(s) between sur-
vival rates and covariates likely to influence survival rates. 
Potential fruitful lines of inquiry would be to evaluate rela-
tion(s) between survival rates and covariates such as body 
condition, habitat selection, and environmental conditions 
(e.g., accumulated thermal units and precipitation). Incor-
porating the results from the Allen et al. (2017) resource 
selection function (RSF) model as an individual’s habitat 
suitability index may provide insight into the quality of 
habitat an individual is using. That is, if individuals using 
areas with greater RSF values have higher survival rates, 
then landscapes could be managed to increase RSF values 
in areas where they are currently low. For example, Allen 
et al. (2017) found that potential roost fields in close prox-
imity to migratory stopover diurnal covers, in particular 
deciduous wetland forest, was an important factor in a 
woodcock’s decision to select a particular diurnal cover. It 
would be prudent, however, to evaluate the effects of hab-
itat selection on vital rates prior to prescribing a manage-
ment action.
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