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ABSTRACT Conservation efforts are most effective when we have complete demographic information for a
species of concern. Nevertheless, fundamental gaps in our knowledge of demography still exist for many taxa.
For passerine birds, the period of time directly after young birds leave the nest and before they disperse and/or
migrate (i.e., the post-fledging period) remains an understudied life stage. We reviewed the literature on
survival of passerine birds during the post-fledging period to synthesize current knowledge on survival rates
and the factors affecting these rates, and conducted a sensitivity analysis to explore the relationship between
population growth and post-fledging survival across the range of rates reported in the literature. Fledgling age
was a strong predictor of survival, with the highest mortality occurring during the first 3 weeks after birds
fledged. Among species, survival ranged from 0.23 to 0.87 during the first 3 weeks post-fledging and
increased with adult body mass and nestling period duration. The relatively high proportion (12 of 19; 63%)
of studies that detected at least 1 habitat effect on survival indicates that management focused on post-
fledging habitat can improve survival. Sensitivity analyses indicated that post-fledging survival rates less than
approximately 0.4 require unrealistic overwinter survival rates of juveniles to prevent population decline,
unless adult survival rates and seasonal fecundity are high. Post-fledging survival is a useful metric for
monitoring passerine populations because it sets the ceiling on first-year survival, responds to habitat
management, and leads to more comprehensive demographic models for songbirds. Published 2014. This
article is a U.S. Government work and is in the public domain in the USA.
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Research has clearly demonstrated that management of
wildlife can be only as good as the habitat-specific
demographic information available for the species of interest
(Pulliam 1988). Such demographic information must cover
the annual cycle (ie., breeding season, dispersal and/or
migration, winter; Norris and Marra 2007) or managers may
not focus efforts on the most limiting life stages (e.g., Crouse
et al. 1987) or may overlook demographic responses to
stressors such as climate change (e.g., Radchuk et al. 2013).
For songbirds, population growth rates are often sensitive to
first-year survival (i.e., juvenile survival, or the probability of
surviving from fledging to the first breeding season; Donovan
and Thompson 2001, Bonnot et al. 2011), but because of the
difficulty in tracking long-distance migrants or even short-
distance dispersers, this period remains the least-studied of
the avian life stages. As a result, studies quantifying songbird
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population annual growth rates (\) often rely on estimating
first-year survival as 25-50% of annual adult survival (Ricklefs
1973, Greenberg 1980). Such an approach may provide
substantially different estimates of first-year survival than
empirically derived rates and may lead to inaccurate estimates
of N\ (Anders and Marshall 2005, Streby and Andersen 2011).

In reality, the first year of life for a passerine is composed of
several separate stages and survival may vary among these
stages. Fledglings initially are reliant upon their parents, and
then reach the parental independence period when they are
independent but have not yet dispersed or migrated
(hereafter we refer to part or all of these 2 stages as the
post-fledging period). The length of the post-fledging period
varies substantially across and within species and depends on
factors such as migratory status and biogeographic region
(reviewed in Russell 2000). After the post-fledging period,
individuals of migrant species will move to their wintering
grounds and return the following spring to breed, usually
choosing a territory away from their natal territory
(Weatherhead and Forbes 1994). Similarly, most individuals
of resident species disperse away from their natal territories,
although some may remain to either help their parents or

replace them if they die (Weatherhead and Forbes 1994).
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Past efforts to obtain empirical estimates of survival for the
first year of life of passerines have used band recovery (e.g.,
Thomson et al. 1999) or mark-recapture data (e.g.,
Perrins 1965). However, both methods typically produce
biased estimates of survival. Band recovery analyses usually
violate a number of restrictive assumptions (Anderson
et al. 1985), and mark-recapture methods produce only
apparent survival estimates because they do not distinguish
between mortality and permanent emigration. The latter
method is especially problematic for first-year birds because
natal dispersal rates are high and can lead to serious
underestimates of survival (Zimmerman et al. 2007, Cooper
et al. 2008, Faaborg et al. 2010, Gilroy et al. 2012).
Additionally, these methods allow for limited assessment of
ecological factors that influence first-year survival, which is
critical to successfully manage populations. Although the
challenges of studying the first year of life in its totality for
passerines are significant, researchers have used radio
transmitters to monitor survival, movement, and habitat
use of birds during the post-fledging period (e.g., Anders
etal. 1997, Ausprey and Rodewald 2011). A meta-analysis of
transmitter effects on birds suggested that they may have a
small negative effect on survival rates (Barron et al. 2010) and
limited battery life precludes survival estimates across the
entire first-year period. Nevertheless, these data provide an
opportunity to model intrinsic and extrinsic factors that
influence post-fledging survival and to determine how post-
fledging survival contributes to population growth.

We searched the literature for studies on post-fledging
survival of passerine birds. First, we compiled estimates of
post-fledging survival across 37 passerine species and
synthesized the current state of knowledge on factors that
influence survival. Second, we tested whether species traits
such as broad vegetation type associations (i.e., forest vs.
grassland birds), adult body mass, or nestling period duration
predict post-fledging survival rates among songbird species.
Third, we used sensitivity analyses to demonstrate the
tradeoffs among post-fledging survival and other demo-
graphic rates in sustaining a population to infer at what levels
post-fledging survival may be limiting populations.

METHODS

We used the online Scopus database in November 2011 to
find original, peer-reviewed studies of post-fledging survival
in passerine birds. We used combinations of the keywords
“post-fledging,” “survival,” “juvenile,” and “birds” and
considered all resulting output for inclusion in our review.
We also used the literature cited sections from the papers we
found to identify other studies not captured by our search
criteria. We considered only studies that used radiotelemetry,
intensively followed banded individuals up to parental
independence, or incorporated recapture probabilities into
the analysis of recaptured banded individuals. We limited our
focus to passerine species that typically breed during the year
after hatching and excluded studies on captive-bred birds
(e.g., Imlay et al. 2010). We used all studies that met these

criteria; however, we were unable to use all studies in all

analyses because of missing information (see below for
details).

Factors Influencing Survival

We could not perform a formal meta-analysis of the variables
influencing post-fledging survival because required para-
meters, sample sizes, and a measure of error (e.g., SE or CI)
were lacking in most studies. Instead, we adopted a vote-
counting approach, which provides a simple percent of
studies that indicate a particular variable influences survival
based on the authors’ model selection criteria or significance
testing. The large number of variables evaluated (7=71)
coupled with small sample sizes for many of them (56 of the
variables were tested in fewer than 5 studies) led us to place
variables into 1 of 12 categories: age, habitat characteristics
(e.g., vegetation type, patch size, tree density), sex, body
condition or size, conspecific help or density, weather,
temporal factors (e.g., year and date effects), transmitter
effects, brood or clutch effects (e.g., brood and clutch size,
parasitism status), parental care or quality, food availability,
and post-fledging movement. We further subdivided habitat
variables into categories based on the spatial scale at which
they were measured (landscape, patch, territory, <territory)
to identify the scales at which survival relationships with
habitat characteristics were found.

Our remaining analyses focused on actual values of post-
fledging survival rather than the presence or absence of
covariate effects on survival. Based upon our own work
(Anders et al. 1997, Cox and Kesler 2012) and studies in
the literature review, we assumed that fledgling age would
be an important predictor of survival. Therefore, we further
investigated the influence of age on post-fledging survival
across passerine species by obtaining average daily survivor-
ship for species investigated in studies that tested for an effect
of age. Although a parameter estimate for the effect of
fledgling age on survival was lacking in many studies, most
included figures that displayed Kaplan—Meier or model-
based survivorship curves as a function of fledgling age. We
synthesized these data to obtain a continuous survivorship
curve for each species for the duration of each study
and averaged the resulting curves across passerine species.
We digitized a sufficient number of points to adequately
characterize each published survival curve using Digitizelt
(v.1.5.8¢) software. Many studies did not present estimates of
variance, so we restricted our analysis to mean survival
estimates. When studies included multiple curves for
different habitats (Cohen and Lindell 2004, Balogh et al.
2011, Eng et al. 2011) or different statistical assumptions
(Kershner et al. 2004), we digitized each curve separately. In
the 3 studies that presented daily survival rates rather than
survivorship curves (Anders et al. 1997, Yackel Adams
et al. 2006, Fisher and Davis 2011), we exponentiated the
daily survival rates to generate a survivorship curve. We then
obtained a best-fit monotonic nonlinear regression equation
for each curve using the TRANSREG procedure in SAS
v9.2 (2008), which recreated each survivorship curve with
very little error (mean 7 =0.97 +0.01 SE; » = 32). We used

the resulting regression equation to output predicted point
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estimates of survivorship for every day from fledging to the
end of radiotracking for each study. When we had several
curves for 1 species (i.e., from separate studies, habitats,
or statistical assumptions), we averaged predicated point
estimates of daily survival across all curves to obtain a single
survivorship estimate for each day for the species. Finally, we
calculated a simple average of rates across species to obtain an
overall post-fledging survivorship curve for passerine birds.

Interspecific Variation in Post-Fledging Survival

We assessed the influence of vegetation type used during
breeding, adult body mass, and duration of nestling period on
post-fledging survival using a subset of the studies. We
grouped North American species by 3 breeding vegetation
types (i.e., grassland, forest, both) based on breeding habitats
assigned in the 2009 State of the Birds Report (United States
North American Bird Conservation Initiative Committee
2009); for 3 non-North American bird species we placed
them into the above groups based on breeding habitat
characterized in each study. We obtained most adult body
mass and duration of nestling period values from the Birds
of North America Online database (Poole 2005) or the
Neotropical Birds database (Schulenberg 2010). We selected

values of body mass for the appropriate subspecies, season,
and geographic area from these sources whenever possible
and we averaged values when they were presented separately
for each sex. We used the midpoint of ranges of nestling
period duration when mean values were not provided and
averaged nestling period durations when multiple values
were presented. We searched the literature for appropriate
values for species not covered by either online database (data
and sources are summarized in Table 1).

We used a generalized linear model (PROC GENMOD,
SAS v9.2) to assess the influence of breeding habitat
vegetation association, adult body mass, and nestling period
on post-fledging survival. We treated species as a repeated
measure within GENMOD, which uses generalized
estimating equations with an independent covariance
structure to account for a lack of independence among
studies of the same species. We standardized the influence of
age on survival by using cumulative survival rates for the first
20-21 days post-fledging as our response variable and ran a
single additive model with vegetation association, body mass,
and nestling period as explanatory variables. We chose 20-21
days because this time period allowed us to include the
greatest number of studies in the analysis. We derived

Table 1. Breeding habitat vegetation association, nestling period duration, body mass, and cumulative post-fledging estimates of survival used in developing

correlations between species traits and post-fledging survival.

Nestling

Breeding Nestling period Adult Adult mass  Cumulative
Scientific name habitat period (days) source® mass (g) source” survival® Study
Thamnaphilus atrinucha Forest 10.0 1 23 1 0.75 Tarwater and Brawn (2010)
Hylophylax naevioides Forest 11.0 1 17 1 0.45 Styrsky et al. (2005)
Empidonax virescens Forest 15.0 2 13 2 0.74 Ausprey and Rodewald (2011)
Progne subis Both 28.0 2 52 2 0.87 Tarof et al. (2011)
Sialia sialis Forest 18.2 2 30 2 0.76 Jackson et al. (2011)
Sialia mexicana Forest 21.8 2 26 2 0.64 Wightman (2009)
Catharus ustulatus Forest 13.0 2 30 3 0.68 White (2005)
Hylocichla mustelina Forest 13.5 2 49 2 0.42 Anders et al. (1997)
Hylocichla mustelina Forest 0.83 Fink (2003)
Hylocichla mustelina Forest 0.65 Schmidt et al. (2008)
Turdus assimilis Both 13.8 4 64 5 0.67 Cohen and Lindell (2004)
Dumetella carolinensis Forest 10.5 2 38 2 0.77 Maxted (2001)
Dumetella carolinensis Forest 0.53 Balogh et al. (2011)
Anthus spragueii Grassland 11.2 2 23 2 0.38 Fisher and Davis (2011)
Seiurus aurocapilla Forest 8.5 2 22 2 0.68 King et al. (2006)
Seiurus aurocapilla Forest 0.42 Streby and Andersen (2011)
Seiurus aurocapilla Forest 0.72 Vitz and Rodewald (2011)
Helmitheros vermivorum Forest 9.0 2 14 2 0.64 Vitz and Rodewald (2011)
Setophaga citrina Forest 8.5 2 11 2 0.23 Rush and Stutchbury (2008)
Setophaga citrina Forest 0.57 Eng et al. (2011)
Icteria virens Forest 8.9 2 25 6 0.39 Maxted (2001)
Calamospiza melanocorys Grassland 8.5 2 38 2 0.37 Yackel Adams et al. (2001)
Calamospiza melanocorys Grassland 0.35 Yackel Adams et al. (2006)
Cardinalis cardinalis Forest 9.5 2 44 2 0.44 Ausprey and Rodewald (2011)
Pheucticus ludovicianus Forest 10.5 2 45 2 0.62 Moore et al. (2010)
Spiza americana Grassland 9.0 2 27 2 0.60 Berkeley et al. (2007)
Spiza americana Grassland 9.0 0.58 Suedkamp Wells et al. (2007)
Sturnella magna Grassland 11.0 2 96 2 0.75 Kershner et al. (2004)
Sturnella magna Grassland 11.0 0.66 Suedkamp Wells et al. (2007)
Molothrus ater Both 10.5 2 48 7 0.33 Fink (2003)
Notiomystis cincta Forest 30.0 8 35 9 0.87 Low and Pirt (2009)

* Sources: 1Schulenberg (2010); 2Poole (2005); *White (2005); *Cohen and Lindell (2004); SSekercioglu et al. (2007); *Maxted (2001); 7Dunning (1993);

®Low and Pirt (2009); "Low (2006).
" Indicates survival for first 20-21 days post-fledging.
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probabilities of surviving 20-21 days from digitized curves
(n=20), extrapolation from daily survival rates (n=4), or
from values published in the studies (n=7). We averaged
probabilities when multiple values or curves were provided
for a species within a study (7 =4). We considered variables
for which P < 0.05 to be significant.

Sensitivity Analysis: Post-Fledging Survival and
Population Growth

We used a simple 2-stage population model to examine
tradeoffs in demographic rates: N = Py + Pj, where \ is the
population growth rate, P5 is annual adult survival of
temales, Py is survival of female fledglings to the following
breeding season, and B is the number of female fledglings
produced per female per breeding season (Pulliam 1988).
Lambda=1, <1, and >1 for stable, declining, and growing
populations, respectively. When post-fledging survival is
known, Pj can be written as Ppr X Pow, where Ppy is post-
fledging survival and Pow is overwinter survival (i.e.,
between the end of the post-fledging period and the
following breeding season). However, Pow is unknown for
all but a small number of passerine populations for reasons
outlined above, and seasonal fecundity estimates for birds are
surprisingly sparse in the literature; therefore, even with
post-fledging survival estimates, building a comprehensive
demographic model is difficult without relying on assump-
tions similar to those based on Greenberg (1980).

We therefore examined the relationship between post-
fledging survival and population growth by assuming that
Pow < Pa. We partitioned Py into Ppr and Powy, held A
constant at 1, and varied Ppp across the range of reported
values for passerine birds from our literature review to
determine values of Pow. We repeated this for 3 values of B
(1, 2, 3) that spanned a reasonable range of seasonal
production of female juveniles given equal sex ratios (e.g.,
DeCecco et al. 2000, Whitehead et al. 2000, Mahony
et al. 2006), and at 3 levels of Ps (0.5, 0.6, 0.7). We
interpreted values of Pow > Pa to mean that Ppp was too low
to support a stable population. We consider this to be a
conservative assessment because Poy is likely less than Pp
because juvenile birds may be excluded from high quality
wintering habitat (Sherry and Holmes 1996), which can
reduce survival (Marra and Holmes 2001).

RESULTS
We found 45 studies of post-fledging survival for 35

passerine species that met our criteria for inclusion, plus 1
study (Naef-Daenzer et al. 2001) that provided a combined
estimate for 2 species. Several studies investigated multiple
species, which resulted in 53 total data points for this study
(Appendix A). Most survival estimates were generated from
radiotelemetry data (n=31), but others also used banded
individuals meeting our criteria (see Methods section;
n=17) or both methods (n=75).

We excluded 1 study (Whittaker and Marzluff 2009) from
the vote-count analysis because of the large number of
potentially non-independent tests that were performed (i.e.,
the influence of habitat aggregation and 3 land-cover classes

on survival were assessed for 2 age classes of 4 species at 7
spatial scales, a total of 224 statistical tests). We placed 68
variables into the 12 defined categories (7 =223 total tests)
for the vote-counting analysis. An effect of age on survival
was most frequently detected, and in all but 1 case (purple
martin [ Progne subis]; Tarof et al. 2011) survival improved as
fledglings aged (Fig. 1). Habitat characteristics were
investigated more than any other covariate category, with
relatively few significant relationships detected with survival
(Fig. 1). However, this was partially because of a large
number of univariate tests performed in some studies (e.g.,
15 tests in Berkeley et al. 2007). Overall, 12 of 19 (63%)
investigations of habitat effects on post-fledging survival
detected at least 1 effect. Habitat effects on survival were
detected in 1 of 6 (17%) tests at the landscape scale, 4 of 20
(20%) tests at the patch scale, 0 of 6 (0%) tests at the territory
scale, and 9 of 29 (31%) tests at scales smaller than the
territory. Temporal (e.g., seasonal, year) and body condition
effects on survival were frequently studied and effects were
detected in >33% of tests for both categories (Fig. 1). Brood
effects (e.g., brood size, parasitism status) on survival were
frequently tested but rarely detected. We found varying
support for the remaining covariate categories, all of which
had a relatively small number of tests (» < 11; Fig. 1).

We used 24 studies (22 used radiotagged birds, 2 used both
radiotagged and leg banded birds; see Appendix A) to derive
an average survivorship curve for passerines. Across species,
mortality rates were high during the first 10 days post-
fledging but declined with time. Survival remained relatively
constant after day 20 (day 20 survival: 0.58 £0.03, n=17
species; day 50 survival: 0.55 £0.05, =8 species; Fig. 2,
see Appendix A for studies used). Because larger birds can
carry longer lasting radios and have higher survival rates than
smaller birds (Fig. 3A), the survivorship curve for all species
could have been positively biased. However, 10 of 18 species
were studied longer than 30 days after fledging (well after the
flattening of the curve) and had an average weight of 36.8 ¢
(range: 11-96 g), whereas all of the species in the analysis had
an average weight of 35.0 g (range: 11-96 g). Therefore, the
subset of species studied 3050 days after fledging was well

representative of all birds in the analysis, and we interpret the
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Figure 1. Proportion of tests from 45 studies of passerine post-fledging
survival that detected a covariate effect. Numbers above bars indicate total
number of tests performed across studies.
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Figure 2. Mean cumulative post-fledging survival (dashed line) + standard
error (dotted line) for passerine birds. The solid line represents the number of
species each daily survival value is based on.

flattening of the survival curve to be a biological phenome-
non rather than a sampling artifact.

We found 31 studies (24 used radiotagged birds, 5 used leg
bands, 2 used both) that qualified for inclusion in our
quantitative analysis of interspecific variation of post-
fledging survival (Table 1). We found no collinearity
between body mass and duration of the nestling period
(tolerance = 0.93; Allison 1999), indicating that both could
be included in the model. Examination of a Q-Q_residual
plot and a Shapiro-Wilk test for normality of residuals
(W=0.94; P=0.09) both indicated adequate fit. We found
20-21-day post-fledging survival increased with adult body
mass (B =0.003 £0.001 SE; P=0.02; »=31; Fig. 3A and
duration of nestling period (8 =0.017 +0.003 SE; P < 0.01,
n=231; Fig. 3B). However, post-fledging survival was not
related to breeding habitat vegetation association (i.e., forest,
grassland, both; Ppreqe = 0.09, Pyrasgtana = 0.60; 2= 31).

The sensitivity analysis revealed that Ppp had a strong
influence on whether Pow > Pa at all levels of Py and B
(Fig. 4). When P, was relatively low (e.g., 0.5; Fig. 4A),
Ppr < 0.33 resulted in unrealistic Pow values even when
B=3. As P, increased (e.g., Fig. 4B—C), Ppp could be
somewhat lower (approx. 0.2) without resulting in unrealistic
Pow values. Regardless of the values chosen for Py and (3,
the slopes of the Pow curves increased dramatically when

Ppr values were <0.4 (Fig. 4A-C).
DISCUSSION

We provide the first quantitative summary of studies of the
post-fledging period for passerine birds. The age of post-
fledging birds was the most frequently detected factor
influencing post-fledging survival, and most mortality
occurred during the first 3 weeks (Fig. 2). No other covariate
category influenced survival in >50% of the tests performed,
but covariate effects on survival were detected in >23% of
the tests for 9 of 12 (75%) covariate categories (Fig. 1).
Post-fledging survival differed markedly across species, but
increased with adult body mass and with the duration of the
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Figure 3. Relationship between post-fledging survival (2021 days after
fledging) and (A) adult body mass and (B) nestling-stage duration for
passerine birds. Filled circles indicate raw data and solid lines indicate
model-based estimates with nestling stage duration held constant at its mean
value in (A) and adult body mass held constant at its mean in (B). Dashed
lines indicate 95% confidence intervals.

nestling stage (Fig. 3). Sensitivity analyses suggested that
when post-fledging survival was <0.4, small improvements
in post-fledging survival greatly relaxed unrealistic assump-
tions about overwinter survival for juvenile birds.

The vote-counting approach allows for the use of studies
that do not present estimates of effect sizes of variables. We
telt this inclusive approach was appropriate considering the
small number of post-fledging survival studies for passerines.
However, vote-counting does have limitations because it
does not take into account the power of a study when
determining whether the effect of a variable is detected
(Borenstein et al. 2009). As such, the approach can provide
evidence of the importance of particular effects if they
are frequently detected, but drawing conclusions about
covariates that are infrequently found to influence a response
variable is difficult (i.e., effects may actually exist that are not
detected because of inadequate sampling). Given the
conservative nature of this approach, we believe that the
relatively frequent detection of a suite of covariates is
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to support a stable population.

demonstrative of the complex nature of factors that
ultimately determine survival for young birds.

Most factors we found to influence survival are outside the
direct control of managers. Within species, intrinsic factors
such as parental quality (e.g., Rush and Stutchbury 2008)
or the duration of parental care (e.g., Griiebler and Naef-
Daenzer 2008) can improve survival, whereas environmental
influences such as drought (Yackel Adams et al. 2006) or
high temperatures during the nestling period (Grefio et al.
2008) can reduce it. Nonetheless, intrinsic factors that affect

post-fledging survival may be indirectly tied to habitat
quality. For example, higher nestling body condition (e.g.,
Vitz and Rodewald 2011) and mass (e.g., Suedkamp Wells
et al. 2007), which can be influenced by features of habitat
quality such as high food availability (Wilkin et al. 2009),
were often associated with improved post-fledging survival.
This might indicate that benefits obtained while in the nest
may continue to improve survival after fledging (e.g.,
Mitchell et al. 2011) and that in the absence of detailed
post-fledging survival data, managers may be able to improve
post-fledging survival by providing habitat that improves
nestling condition. We caution against making such an
assumption, however, because habitat that is high quality
for nestling growth and nest survival may be low quality for
post-fledgling survival to the point that overall productivity
is greatest where nest productivity is lowest (Shipley et al.
2013).

Encouragingly, the relatively high proportion (63%) of
studies that detected direct habitat effects suggests that
management focused on post-fledging habitat can improve
survival. That post-fledging survival is often influenced by
factors at the patch or smaller spatial scales suggests that it
may be a more tractable component of management plans
than other life-cycle stages (e.g., migratory or wintering
grounds management). For example, studies of forest
dwelling passerines found positive correlations between
vegetation density and post-fledging survival (e.g., Fink
2003, King et al. 2006, Ausprey and Rodewald 2011, Vitz
and Rodewald 2011), probably because of the increased cover
from predators that dense vegetation provides. Forest
passerines that have recently fledged often select habitats
with high vegetation density (e.g., Anders et al. 1998,
Ausprey and Rodewald 2011) further supporting the idea
that dense vegetation occurring naturally or created by
management activities may benefit young birds.

Many passerine species may benefit from heterogeneous
habitat at an appropriate (and likely species-specific) spatial
scale to balance the habitat needs of nesting adults against
those of recently fledged young, which can differ markedly
(Anders et al. 1998, Marshall et al. 2003, Vitz and Rodewald
2006). However, data on post-fledging survival and resource
selection is not available for most passerine species,
which precludes us from knowing which species may need
heterogeneous habitat to maximize productivity in both the
nesting and post-fledging components of the breeding
season. There is also insufficient data on the degree to which
landscape-scale habitat features influence post-fledging
survival, which is somewhat surprising given the influence
of matrix habitat on within-patch songbird nest survival
(e.g., Robinson et al. 1995, Lloyd et al. 2005). Research that
places post-fledging survival within the context of habitat
amount and connectivity at the landscape scale may offer
further insights into management strategies for songbird
productivity.

Among species, adult body mass and the duration of the
nestling stage were both positively associated with post-
fledging survivorship to 20-21 days, which is consistent
with life-history theory (see Stearns 1992, Cheng and
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Martin 2012). Clearly, mechanisms that affect the positive
relationship between body mass and overall longevity in
passerines (Lindstedt and Calder 1976) may also affect post-
fledging survival. Species that nest in cavities or other
locations that reduce the risk of nest predation (e.g.,
stitchbird [ Notiomystis cincta], eastern bluebird [ Sialia sialis],
purple martin) can remain in the nest longer, which may
improve flight capacity (Dial 2003) and thus improve
predator evasion or food procurement after fledging.
However, despite the statistical significance of the relation-
ship between body mass and nestling stage duration,
variation in survival rates was high, likely because of the
suite of biotic and abiotic factors that can influence survival.
As such, we caution against the use of post-fledging survival
values in demographic models unless they are empirically
derived from the population of interest.

Barron et al. (2010) performed a comprehensive meta-
analysis of the avian literature and determined that trans-
mitters have a small negative effect on survival. Deriving an
effect size (e.g., a percentage decline in survival between
tagged and untagged birds) from their work was not possible
(D. G. Barron, Washington State University, personal
communication), and the difficulties associated with
estimating survival for untagged birds have led to few
studies that directly compare the survival of tagged and
untagged birds (see results for summary of papers that
consider transmitter effects on post-fledging survival). As a
result, we caution that the average survival curve we present is
based on survival rates that may be biased low to an unknown
but likely small extent because of transmitter effects on
survival. Nevertheless, the nearly ubiquitous improvement in
survival with age suggests that the first 3 weeks after fledging
are critical (Fig. 2), and that most of the other factors
affecting survivorship are operating during that time period.
This is encouraging because post-fledging survival studies
are often limited temporally by battery life of transmitters or
the researcher’s ability to resight fledglings. Transmitters are
currently available for 10-g birds with expected battery life
>3 weeks (e.g., NTQB-1; Lotek Wireless, Newmarket,
Ontario, Canada). Therefore, future radiotelemetry studies
on even very small passerines will be able to estimate survival
rates and test for factors affecting survival during the most
critical portion of the post-fledging period. Survival rates
clearly level off after 20 days and thereafter, young birds
maintain a relatively high survival rate similar to adults
during the late breeding season. We did not have data to
determine whether survival rates for young birds remains
similar to adults during migration when most mortality for
migrant species occurs (Sillett and Holmes 2002) or during
the winter for resident birds, but we feel it is not likely to be
the case for several reasons. First-year birds of migratory
species often take different migratory pathways than adults
(Johnson 1973, Ralph 1981), make up a disproportionate
percentage of vagrants (i.e., birds that are lost; reviewed in
Newton 2008), and may have comparatively low fat deposits
required for crossing large bodies of water (Woodrey and
Moore 1997). Mitchell et al. (2012) found evidence that
young birds make suboptimal breeding ground departure

decisions with respect to weather when compared to adults,
and first-year birds are often competitively excluded from
high quality habitats on the wintering grounds (Sherry and
Holmes 1996, Latta and Faaborg 2002), which may reduce
overwinter survival for young birds (Marra and Holmes
2001). Furthermore, differential mortality between juveniles
and adults during migration has been observed in a non-
passerine species (Strandberg et al. 2010).

The arbitrary valuation of first-year survival as half of
adult survival that has been used in past demographic models
will usually be inaccurate because many populations are not
stable, which was an explicit assumption of the derivation of
the half adult survival calculation (Greenberg 1980). But
because so much remains unknown about survival from the
time a young bird leaves the breeding grounds until it breeds
the following year, obtaining estimates of post-fledging
survival still leaves us with an incomplete understanding
of passerine demography. Nevertheless, sensitivity analyses
such as ours (Fig. 4) can identify when post-fledging
survival estimates would require unrealistic overwinter
survival rates and provide managers with a possible
mechanism driving population declines. Furthermore, the
sensitivity analysis suggests that when post-fledging survival
rates are low (e.g., <0.4, which was true for 11 of 50 [22%)]
published rates), even small improvements in survival can
rapidly reduce rates of overwinter survival required for
lambda to remain at 1.

Clearly, demographic models for passerine birds remain a
work in progress. Fortunately, recent work offers promise
in obtaining unbiased first-year survival estimates. First,
quantification of dispersal probabilities disentangles emigra-
tion from mortality and provides unbiased first-year survival
values. For example, Gilroy et al. (2012) incorporated
empirically derived dispersal probabilities into mark-
recapture survival estimates for Cape Sable seaside sparrows
(Ammodramus maritimus mirabilis) and estimated first-year
survival to be 0.34+0.08 CL, roughly twice the apparent
survival produced when emigration rates and dispersal
were not integrated into the analysis. In addition, new
radiotelemetry transmitters that emit signals >1 year
after application (e.g., Biotrack CTx connectivity tags;
Biotrack, Dorset, United Kingdom) may help other
researchers quantify dispersal probabilities and produce
unbiased overwinter survival estimates. Second, advances in
integrated population models allow researchers to estimate
unobserved demographic parameters such as overwinter
survival, essentially by using observed demographic param-
eters in conjunction with population count data to solve
for unobserved demographic parameters (e.g., chapter 11 in
Kéry and Schaub 2012). Although both improvements are
data intensive and rely on their own sets of assumptions, they
offer opportunities to refine our current understanding of
passerine demography.

MANAGEMENT IMPLICATIONS

We recommend that post-fledging resource selection and
evaluation of factors that influence post-fledging survival for
passerines become an integral part of management plans for

Cox et al. » Post-Fledging Survival in Passerines

189



species of conservation concern. The majority of post-
fledging mortality occurs during the first 3 weeks after
fledging, so management efforts should focus on actions that
improve survival during this time period. Although many
species appear to respond positively to increased vegetation
density, managers should consult the literature for species-
specific recommendations on habitat features that promote
post-fledging survival. We recommend that researchers
avoid the use of the half adult survival assumption, as well as
the use of post-fledging estimates derived from a population
other than the one of interest when building demographic
models for songbirds because inter-population variation in
important demographic parameters can be extensive (Fred-
eriksen et al. 2005, Balogh et al. 2011) and the arbitrary use
of demographic parameters may provide misleading popula-
tion projections. Instead, we recommend that researchers
perform elasticity analyses (e.g., Fletcher et al. 2006, McNew
et al. 2012) to examine the degree to which growth rates are
sensitive to post-fledging and/or first-year survival. Ulti-
mately, acquiring data on post-fledging survival across space
and time is imperative if we are to maximize the productivity

of breeding songbirds.
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