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Species diﬀer strongly in their life histories, including the probability of survival. Annual adult survival was investigated
extensively in the past, whereas juvenile survival, and especially survival to independence, received much less attention. Yet,
they are critical for our understanding of population demography and life-history evolution. We investigated post-fledging
survival to independence (i.e. survival upon leaving the nest until nutritional independence) in 74 species of passerine birds
worldwide based on 100 population level estimates extracted from published literature. Our comparative analyses revealed
that survival to independence increased with the length of nestling period and relative fledging mass (ratio of fledging mass
to adult body mass). At the same time, species with higher nest predation rates had shorter nestling periods and lower
relative fledging mass. Thus, we identify an important trade-oﬀ in life history strategies: staying longer in the nest may
improve post-fledging survival due to enhanced flight ability and sensory functions, but at the cost of a longer exposure to
nest predators and increased mortality due to nest predation. Additionally, post-fledging survival to independence did not
diﬀer between species from the northern temperate zone vs species from the tropics and southern hemisphere. However,
analyses of post-fledging survival curves suggest that 1) daily survival rates are not constant and improve quickly upon
leaving the nest, and 2) species in the tropics and southern hemisphere have higher daily post-fledging survival rates than
northern temperate species. Nevertheless, due to the accumulation of mortality risk during their much longer periods of
post-fledging care, overall survival until independence is comparable across latitudes. Obtaining high-quality demographic
data across latitudes to evaluate the generality of these findings and mechanisms underlying them should be a research
priority.

Life histories vary across latitudes in many animal groups,
including birds, amphibians, and fishes (Cardillo 2002, VilaGispert et al. 2002, Morrison and Hero 2003). First attempts
to explain this variation focused on fecundity (Cody 1966,
Lack 1968; reviewed by Roﬀ 1992, Ricklefs 2000, Martin
2004, McNamara et al. 2008). Later studies explored other
life-history traits (e.g. prenatal and postnatal growth rates;
Remeš and Martin 2002, Martin et al. 2007, 2011) and their
underlying physiology (Wikelski et al. 2003, Wiersma et al.
2007). Although these studies brought significant advances
in our understanding of life-history evolution, it became
clear that lifespan and survival throughout the year are critical for shaping life histories (Ricklefs 1983, 2010, Perrins
1991, Roﬀ 1992, Martin 2014). Thus, studies are needed
that seek to understand the evolutionary and ecological
drivers of lifespan and survival.
Annual adult survival of birds has been studied extensively and most authors agree that it is higher in the tropics
and southern hemisphere as compared to northern temperate regions (Rowley and Russell 1991, Yom-Tov et al. 1992,
Ghalambor and Martin 2001, McGregor et al. 2007, Lloyd
et al. 2014, Martin et al. 2015; but see Karr et al. 1990;
mixed evidence in Peach et al. 2001, Ricklefs et al. 2011).
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On the contrary, juvenile survival from fledging until the
first reproduction has remained comparatively understudied
until recently (Maness and Anderson 2013). Yet, its understanding is crucial for insights into population regulation
(Sæther et al. 2002), life-history evolution (Ricklefs 2010,
Martin 2014, 2015), and population viability and persistence (Wisdom et al. 2000, Coulson et al. 2001). Juvenile
survival can be broken down into the period of dependent
young cared for by parents vs independent young, and it is
unclear which period is more important for overall juvenile
survival. It seems that a major part of overall juvenile mortality occurs during the post-fledging period of dependence
on parents (western slaty-antshrike Thamnophilus atrinucha,
Tarwater et al. 2011; barn swallow Hirundo rustica, Grüebler
et al. 2014). Consequently, investigations of variation in
post-fledging mortality can provide new insights on population dynamics, conservation, and the evolution of life
histories (Cox et al. 2014, Martin 2014, 2015). Moreover,
oﬀspring survival to independence in birds (i.e. post-fledging
survival) can be influenced by parental investment before (via
brood size and fledging mass; Styrsky et al. 2005, Sim et al.
2013) and after fledging (Wolf et al. 1988, Ridley 2007,
Grüebler and Naef-Daenzer 2010, Dybala et al. 2013). Thus,

understanding correlates of post-fledging survival is additionally important for our understanding of how carry-over
eﬀects of parenting can impact on population demography.
We hypothesize following factors as potential drivers of
survival to independence in passerines. As life histories often
consist of suits of correlated traits, geographic region should
predict post-fledging survival due to diﬀerent life-history
strategies of northern temperate and southern species (see
above). Moreover, southern species have higher per capita
feeding rates of oﬀspring in the nest (Gill and Haggerty
2012, Martin 2015), which could carry-over to higher postfledging survival. In addition, post-fledging parental care
increases post-fledging survival (Ridley 2007, Grüebler and
Naef-Daenzer 2010). Consequently, if southern species,
in addition to longer post-fledging care, also provide more
food on a daily basis (to our knowledge, there is no study on
this topic), this could lead to higher post-fledging survival
in southern species. We included adult body mass as a general allometric correlate of life histories and survival (Calder
1984, Sibly 2012). We also included the length of the nestling
period, because both Cox et al. (2014) and Martin (2014)
showed that it predicted post-fledging survival in passerines.
Moreover, we included relative body mass at fledging, which
should express maturity of young and their bodily functions
when leaving the nest with potential consequences for their
mobility and ability to escape predators and obtain food
(Remeš and Martin 2002, Cheng and Martin 2012). Furthermore, we modeled both the length of nestling period
and relative body mass at fledging as functions of nest predation rates. Since nest predation can drive the evolution
of these traits (Remeš and Martin 2002), it might have an
indirect eﬀect on the evolution of post-fledging survival. We
used clutch size as a surrogate for the number of young in the
nest that compete for food brought by parents, which could
have consequences for post-fledging survival (Styrsky et al.
2005, Sim et al. 2013).
Recent studies have explored predictors of post-fledging
survival within bird species (Styrsky et al. 2005, Ridley 2007,
Grüebler and Naef-Daenzer 2010), whereas the only study
conducted across species focused mostly on North American
species (Cox et al. 2014). However, no study so far analyzed
post-fledging survival across a broad set of species from
across the globe and its drivers. Here, we conduct such a
study by analyzing post-fledging survival to independence in
74 species of songbirds (Passeriformes) based on data from
the literature across diverse latitudes and life histories.

Methods
We collated data from the literature on post-fledging survival
in songbirds. We included only studies that reported survival
of fledglings to nutritional independence. Nutritional independence was defined as a moment beyond which fledglings
obtained most of their food on their own and adults stopped
feeding them. Thus, we excluded studies that 1) provided
data on post-fledging survival but did not report the length
of nutritional dependence, or 2) did not follow fledglings
long enough so that they reached nutritional independence.
The reasons were threefold. First, mortality of dependent vs
independent juveniles might be caused by diﬀerent factors

(predation vs starvation, Sullivan 1989) due to locomotor
performance and foraging skills improving with age (Weathers and Sullivan 1989) and the buﬀering eﬀects of parental
care (Dybala et al. 2013). Thus the presence vs absence of
parental care makes the two periods biologically distinct (see
additional evidence in Introduction). Second, from a biological point of view, bird species diﬀer in whether oﬀspring
disperse at nutritional independency or delay their dispersal substantially (Drobniak et al. 2015), with potentially
important consequences for parental care and survival strategies. Third, from a methodological point of view, dispersal
of independent oﬀspring might strongly bias estimates of
juvenile survival (McKim-Louder et al. 2013). Whereas oﬀspring in songbirds invariably stay with parents on the natal
territory during post-fledging care, their dispersal behaviour
upon attaining independence varies a lot across species: some
species disperse almost immediately (many northern temperate species), whereas many tropical and southern species
delay dispersal for a long time (e.g. tropical Sylvia warblers,
Schaefer et al. 2004, or western-slaty antshrikes, Tarwater
and Brawn 2010). Thus, studying oﬀspring during one,
clearly defined life-history stage (i.e. period of dependence
on parents) might minimize biases in survival estimates due
to dispersal. Consequently, the age of independence might
provide a natural biological and methodological benchmark
for standardization across species with diverse life histories
and ensure minimal biases introduced into data.
We conducted a thorough literature search for data on
post-fledging survival in songbirds. For North America, we
used and augmented the dataset given in Martin (2014).
For Australia, we obtained data on post-fledging survival as
part of our research on life histories of Australian songbirds
(Matysioková et al. 2011, Remeš et al. 2012). Data from
other regions were obtained during an exhaustive search
of the literature on songbird reproduction worldwide (see
Matysioková and Remeš 2014 for detailed methods; see
literature sources in Supplementary material Appendix 1).
To make sure that we did not miss recent literature, we ran
additional search on Web of Science on 16 October 2015
using following parameters: keywords ((‘post-fledging survival’ OR ‘postfledging survival’) AND birds), timespan:
2011–2015. We obtained 76 citations and after reading
their titles and abstracts we scrutinized full texts of 12
articles. However, none yielded additional data on survival
until nutritional independence.
We extracted data on post-fledging period (in days), i.e.
how long parents fed the young upon their leaving the nest,
and post-fledging survival to independence (proportion of
fledged young that survived until nutritional independence).
When more than one study was available for a particular
species, we took the average of published values. We obtained
two or more estimates of survival to independence for 21
species (based on 47 population level estimates). Repeatability across species estimated as intraclass correlation coeﬃcient using function ‘ICCest’ (package ‘ICC’, Wolak et al.
2012) was 0.46 (95% CI  0.14–0.77). We did not calculate
daily post-fledging survival rates, because daily survival rate
upon leaving the nest rapidly improves (Naef-Daenzer et al.
2001, Sankamethawee et al. 2009, Tarwater et al. 2011) and
thus is not constant over the period of dependence, which
precludes statistical analysis of daily rates (for details see
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Table 1. Post-fledging survival to independence in relation to species life history and geography. We fit two phylogenetic generalized least
squares models where we treated mass of the species either as adult body mass (Adult mass model) or as relative fledging mass (ratio of
fledging mass to adult body mass; Fledging mass model). Phylogenetic signal L  0 in both cases. ‘–’ means that the particular factor was not
fit in the model.
Adult mass model (74 species)
Intercept
log10 body mass
Relative fledging mass
log10 nestling period
log10 post-fledging period
Geographical zone (southern)
Clutch size

Estimate

SE

t

21.17
–4.30
–
55.99
–6.16
0.13
–1.28

20.32
4.80
–
13.09
12.21
5.04
1.98

–0.90
–
4.28
–0.50
0.03
–0.65

Results and Supplementary material Appendix 2). Moreover, due to the nature of data extracted from literature, we
were not able to employ formal survival analysis. Instead,
we had to use simple proportions of fledglings that survived
until independence. Thus, our analysis was not able to model
detection probabilities or dispersal.
Some studies provided survival curves for a cohort of
fledglings during the period of dependence. We digitized
such curves (n  25) by tracking their shape in a computer
program to obtain detailed shape of the survival trajectory.
We then averaged these survival curves for northern temperate and southern species (see below for the explanation of
these geographic zones). Subsequently, we fit the Weibull
survival model to these geographic zone-specific curves to
find out whether daily mortality rate was constant across
the period of dependence (Kleinbaum and Klein 2011).
Weibull model has the form of S  exp(LtP), where S is
post-fledging survival, L is a parameter quantifying how
fast overall survival declines with time, t is time, and P is
the shape parameter determining how the daily mortality
rate changes with time (more precisely the hazard function h  LPtP–1, Kleinbaum and Klein 2011). For P  1
it increases, for P 1 it decreases, and for P  1 it is constant and thus h  L. In the latter case the Weibull model
reduces to the exponential model, which is thus its special
case where S  exp(Lt). Natural logarithm of survival in
both models is linear against the time axis under its proper
transformation. While in the Weibull model ln(S) declines
linearly with tP, yielding ln(S)  LtP, in the exponential
model as its special case ln(S) should be linear on semi-log
scale, yielding ln(S)  Lt. Plots of both S and ln(S) against
time were used to visually judge model fit.
We categorized each species as either northern temperate or tropical and southern hemisphere (southern species
hereafter) using 23.5oN as a cut-oﬀ latitude. We used this
categorization, because tropical and southern hemisphere
birds are similar in their life histories and diﬀer from northern temperate species in a suite of life-history characteristics
(Cody 1966, Rowley and Russell 1991, Yom-Tov 1994, YomTov et al. 1994, Russell 2000, Ghalambor and Martin 2001,
Russell et al. 2004, Martin et al. 2007). As predictors, for
each species we obtained data on adult body mass (grams),
nestling period duration (days), clutch size (no. of eggs),
and relative fledging mass (proportion of adult body mass at
fledging). Moreover, for each species we also searched data on
nest predation (proportion of nests destroyed by predators)
and transformed them to daily nest predation rates (d 1) as
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Fledging mass model (48 species)
p
0.374
–
0.001
0.616
0.979
0.519

Estimate

SE

t

p

–33.90
–
63.17
38.79
3.27
–1.65
–1.02

25.87
–
18.97
15.27
14.36
6.59
2.92

–
3.33
2.54
0.23
–0.25
–0.35

–
0.002
0.015
0.821
0.803
0.728

in Remeš et al. (2012). All these data were obtained from literature (complete dataset is given in Supplementary material
Appendix 1, Table A1, A2, and A3).
We used phylogenetic generalized least squares to fit our
models. This method accounts for shared history among species and flexibly fits a phylogenetic autocorrelation parameter
L (Freckleton et al. 2002). We used the ‘gls’ function from
package ‘nlme’ (Pinheiro et al. 2013) in the R programming
environment (R Core Team). Many studies did not provide
data on the number of fledged and surviving oﬀspring, but
only on the proportion of fledglings surviving to independence. That is why we were forced to use the proportion of
surviving as a continuous response variable instead of more
correct binomial model. We downloaded 500 phylogenetic
trees for our species from birdtree.org using the Hackett
backbone (Jetz et al. 2012). We calculated the Bayesian maximum credibility tree using TreeAnnotator ( http://beast.
bio.ed.ac.uk/TreeAnnotator ). It has the advantage of both
summarizing alternative phylogenies and providing branch
lengths based on these original phylogenies. To make sure
that our analyses were robust to the way alternative phylogenies were handled, we also calculated the majority rule consensus tree and imputed ‘Grafen’s’ branch lengths (Paradis
2012). Results using these two methods were very similar
and we report only results of comparative analyses using the
maximum credibility tree.
We set up several models to test our hypotheses, and their
structure is apparent from Table 1, 2, and 3. Models diﬀer
in sample size, because not all variables were available for all
species. In all models where geographic zone was among preTable 2. Post-fledging period (log10-transformed, phylogenetic signal
L  0.36), nestling period (log10-transformed, L  1.00), and relative
fledging mass (L  0.87) in relation to adult body mass and geography, fit using phylogenetic generalized least squares models.

Post-fledging period (74 species)
Intercept
log10 body mass
Geographical zone (southern)
Nestling period (74 species)
Intercept
log10 body mass
Geographical zone (southern)
Relative fledging mass (48 species)
Intercept
log10 body mass
Geographical zone (southern)

Estimate

SE

t

1.17
0.16
0.17

0.08
0.05
0.04

3.60
4.31

0.001
0.001

1.00
0.12
0.05

0.08
0.04
0.03

3.23
1.73

0.002
0.089

0.09
0.05 –3.33
0.04 2.32

0.002
0.025

1.01
–0.16
0.09

p

Table 3. Nestling period (log10-transformed, phylogenetic signal L  0.89) and relative fledging mass (L  0.81) in relation to adult body mass,
daily nest predation rates, and geography, fit using phylogenetic generalized least squares models.
Nestling period (45 species)
SE

t

p

Estimate

SE

t

1.17
0.08
–1.09
0.04

0.09
0.04
0.32
0.03

1.86
–3.42
1.33

0.071
0.001
0.190

1.19
–0.18
–1.12
0.08

0.09
0.04
0.33
0.03

–4.15
–3.34
2.42

dictors, we also initially fit interactions of all predictors with
the geographic zone, because we wanted to know whether
relationships diﬀered between the zones. However, none of
these interactions was statistically significant, and thus we
excluded them from the models. We did not do any further
selection of individual variables, because stepwise procedures
strongly bias parameter estimates (Whittingham et al. 2006).
Variables were transformed to achieve normal distribution of
residuals and the transformations used for individual variables were as follows: log10 (post-fledging period), log10
(adult body mass), log10 (nestling period), and square root
(daily nest predation rate). We also checked that predictors
were not strongly correlated and we show these relationships
for key predictors here. The length of post-fledging period
was not related to nestling period length (nestling period:
estimate  0.12, SE  0.17, t  0.73, p  0.467; geographic
zone: estimate  0.16, SE  0.05, t  3.37, p  0.001;
L  0.60, n  74 species). However, post-fledging period was
related to relative fledging mass (relative fledging mass: estimate  –0.42, SE  0.19, t  –2.28, p  0.028; geographic
zone: estimate  0.17, SE  0.05, t  3.28, p  0.002;
L  0.60, n  48 species). Finally, relative fledging mass
was related to nestling period length (nestling period: estimate  0.35, SE  0.16, t  2.25, p  0.030; geographic
zone: estimate  0.05, SE  0.04, t  1.36, p  0.180;
L  0.89, n  48 species).

Results
We obtained 25 survival curves from the literature (n  21
species), 18 for northern temperate and 7 for southern species,
respectively (Fig. 1a; sources for these curves are available in
(a)

(b)
Post-fledging survival

Post-fledging survival

1.0
0.8
0.6
0.4

Southern
Northern temperate

0

10

20

30

40

50

Days post-fledging

60

(c)

1.0
0.8
0.6
0.4
0.2

Southern
Northern temperate
Weibull model

0

10

20

p
0.001
0.002
0.020

Supplementary material Appendix 1, Table A1). Fitting of
the Weibull survival model to survival curves averaged for
the two geographical zones showed that it provided a good
fit (Fig. 1b, c) and its parameters were as follows; northern
temperate species: Weibull LN  0.16, PN  0.45; southern
species: Weibull LS  0.11, PS  0.34. These results showed
that overall survival declined faster in northern temperate
species than in southern species (LN  LS, Fig. 1). Moreover,
estimates of both PN and PS showed that daily survival rate
was not constant across the post-fledging period, because
constant survival assumes P  1 (see Methods). Thus, it
was impossible to estimate daily survival rates that would
be constant across the period of dependence (we provide
further extensive analyses of this problem in Supplementary
material Appendix 2). Due to the unavailability of these
daily survival rates, we modeled simple post-fledging survival
to independence itself.
We obtained data on post-fledging survival to independence and post-fledging period for 100 populations of 74
species of songbirds (Fig. 2). Post-fledging survival increased
with the length of nestling period but not with adult body
mass (Table 1). However, when relative fledging mass (ratio
of fledging mass to adult body mass) was used instead, postfledging survival increased with both relative fledging mass
and the length of nestling period, and this was true for all
species across geographical zones (Table 1, Fig. 3). We further
showed that there was no diﬀerence in post-fledging survival
to independence between southern and northern temperate species: the diﬀerence was only 5.19% (SE  4.18) and
was not statistically significant when analyzed without any
other predictors (t  1.24, p  0.218, L  0.19). Similarly,
geographic zones did not diﬀer significantly in post-fledging

loge Post-fledging survival

Intercept
log10 body mass
sqrt daily nest predation rate
Geographical zone (southern)

0.2

Relative fledging mass (45 species)

Estimate

30

40

50

Days post-fledging

60

0.0
–0.2
–0.4
–0.6
–0.8
Southern, P = 0.34
Northern temperate, P = 0.45
Weibull model

–1.0
0

1

2

3

4

5

Days post-fledging ^ P

Figure 1. Survival curves extracted from literature (n  25 curves of 21 species) and their modeling using the Weibull model. (a) Survival
curves of northern temperate (n  18 curves of 14 species) and southern species (n  7 curves of 7 species). (b) Their averages for individual
days plotted against days post-fledging and fit with Weibull model curves. Scatter in later days post-fledging is caused by sparse data (i.e.
few species had such long periods of post-fledging care, see panel (a)). (c) Fit of the Weibull model on the time scale where it should be
linear as detailed in Methods (i.e. time raised to the Pth power). ‘Southern’ denotes species from the tropics and southern hemisphere.
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nestling period, even when accounting for the geographic
zone (Supplementary material Appendix 1). At the same
time, daily nest predation rates ranged from 0.1% d–1 in species with long nestling periods to 5.2% d–1 in species with
short nestling periods. Consequently, for example exposure
to additional daily nest predation probability of 5% for
additional 10 d would mean depredation of additional 40%
of nests (or the probability of depredation  0.4 for each
nest), a substantial cost to nest survival. Hence there is a
clear trade-oﬀ between the benefits of fledging early (lower
probability of nest depredation) vs late (higher survival to
independence).
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Post-fledging period (days)

Figure 2. Distribution of post-fledging survival to independence
(median northern temperate  67.1%, southern  68.6%) and
post-fledging period length (median northern temperate  22.0 d,
southern  33.7 d) in species of songbirds worldwide (n  74 species), split by the geographical zone. ‘Southern’ denotes species
from the tropics and southern hemisphere.

survival when controlled for the length of post-fledging
period (geographic zone: estimate  5.33, SE  4.67,
t  1.14, p  0.257; post-fledging period: estimate  –0.96,
SE  12.18, t  –0.08, p  0.938; L  0.19). At the same
time, the length of nestling and post-fledging periods and
relative fledging mass were all greater in southern species as
compared to northern temperate species when controlled
for the allometric eﬀect of adult body mass (although this
relationship was not statistically significant in the nestling
period; Table 2, Fig. 4).
Both the length of nestling period and relative fledging
mass decreased with increasing daily nest predation rates
(Table 3, Fig. 5). Thus, species under stronger nest predation
pressure fledged earlier and in lower body mass. This early
fledging can bring significant survival benefit. For example,
species with the same body mass can diﬀer by 10 d in their

We showed that post-fledging survival to independence in
songbirds worldwide increased with the length of nestling
period and relative fledging mass. At the same time, nestling
period was shorter and relative fledging mass was lower in
species with higher nest predation rates. Thus, there was a
clear trade-oﬀ between benefits of staying in the nest longer
(higher post-fledging survival) vs shorter (lower probability
of nest depredation). Furthermore, post-fledging survival was
not related to adult body mass, clutch size (surrogate of the
number of young), or the length of post-fledging period, and
it did not diﬀer significantly between northern temperate
and southern species (i.e. species in the tropics and southern
hemisphere). However, daily post-fledging survival rate
improved faster, and was consequently on average higher, in
southern species than in northern temperate species.
Cox et al. (2014) and Martin (2014) recently demonstrated higher post-fledging survival in species with longer
nestling periods. Here we show that this relationship is
true for survival to independence in songbirds worldwide.
Moreover, we show that post-fledging survival to independence is higher in species where nestlings leave the nest at
higher relative body mass (in relation to adult body mass)
and that these two predictors have additive eﬀects. Both of
these relationships can be explained by improved development of locomotor abilities and other bodily functions (e.g.
sensory capabilities) in better-developed fledglings. Locomo100
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Figure 3. Post-fledging survival to independence in relation to the length of nestling period (days, log10-transformed) and relative fledging
mass (ratio of fledging mass to adult body mass) in songbirds worldwide, split by the geographical zone. ‘Southern’ denotes species from
the tropics and southern hemisphere. Raw data and ordinary least squares regression lines are shown. Phylogenetic statistical analyses of
these relationships are available in Table 1.
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Figure 5. The length of nestling period (days, log10-transformed)
and relative fledging mass (ratio of fledging mass to adult body
mass) in relation to daily nest predation rates (d 1, square
root-transformed) in songbirds worldwide, split by geographic
zone. ‘Southern’ denotes species from the tropics and southern
hemisphere. Raw data and ordinary least squares regression lines are
shown. Phylogenetic statistical analyses of these relationships are
available in Table 3.
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Figure 4. The length of nestling period (days, log10-transformed),
relative fledging mass (ratio of fledging mass to adult body mass),
and the length of post-fledging period (days, log10-transformed) in
relation to adult body mass (grams, log10-transformed) in songbirds
worldwide, split by the geographical zone. ‘Southern’ denotes
species from the tropics and southern hemisphere. Raw data and
ordinary least squares regression lines are shown. Phylogenetic
statistical analyses of these relationships are available in Table 2.

tor and sensory abilities are certainly critical, as fledglings of
virtually all songbirds leave the nest with poor flying abilities
and spend their first days outside the nest in the vegetation
surrounding the nest (Woolfenden and Fitzpatrick 1984,

Anava et al. 2001, Bonnevie 2004). The diﬀerence in fledging
age of a mere 1 to 2 d can have strong survival consequences
in small passerines (Wolf et al. 1988).
These ideas are supported by a general observation
that predation is a major source of mortality during postfledging care (Sullivan 1989, Sim et al. 2013) and a host
of birds, mammals, and reptiles were found or suspected
to be responsible (Table 4 in Shipley et al. 2013). At the
same time, we know that high predation on nests selects
for early fledging in low relative body mass (Bosque and
Bosque 1995, Remeš and Martin 2002, this study). Thus,
we identify an important trade-oﬀ: oﬀspring of species that
stay longer in the nest can attain larger body mass (Remeš
and Martin 2002), longer wings (Cheng and Martin 2012),
and subsequent higher post-fledging survival (Cox et al.
2014, Martin 2014, this study). However, this is at a cost of
being exposed for longer time to time-dependent mortality
caused by nest predators (Remeš and Martin 2002, Roﬀ
et al. 2005, Remeš 2007, this study). An interesting alternative explanation is that these relationships are not driven
by the development of locomotor abilities of fledglings,
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but by a shared predator community between nests and
fledglings. Accordingly, low predation on both nests and
fledglings would lead to high nest survival, long nestling
periods, high relative fledging mass, and high post-fledging
survival (and vice versa). This alternative can be tested by 1)
video-monitoring of nests, and 2) radio-tracking of fledglings on the same study sites.
Overall survival to independence did not diﬀer between
songbird species in the northern temperate zone and southern species, but daily post-fledging survival rate improved
faster, and was consequently on average higher, in southern
species than in northern temperate species (Fig. 1 and Supplementary material Appendix 2). Higher daily survival rate
upon fledging in southern species might be caused by more
food delivered by parents on a daily basis or higher quality of
few fledglings (e.g. longer wings, Martin 2015). The lack of
diﬀerence in overall survival to independence between these
two groups of species is likely caused by diﬀerent length of
post-fledging period of parental care, which is much longer
in southern species (Russell 2000, Russell et al. 2004, this
study). Thus it seems that mortality accumulates for a longer
period of time in southern species and resulting overall survival until independence is similar across latitudes. However,
this fact might have significant consequences for juvenile
survival until 1 yr of age and thus for overall demography.
If juvenile birds survive to independence at a similar rate
across latitudes, but post-fledging period of care is longer
in the tropics and southern hemisphere, less time remains
for species living here before they reach the next breeding
season. Consequently, their overall juvenile survival from
fledging until 1y of age might be higher (Tarwater et al.
2011). Thus, extended parental care after fledging (Russell
et al. 2004, this study), heavier fledglings (this study, but see
Martin 2015), and longer wings at fledging (Martin 2015)
might be key ‘southern secrets’ (sensu Russell 2000) leading to high juvenile survival and thus enabling tropical and
southern hemisphere birds to balance their populations even
with small clutch sizes. Of course, contributing factors will
be high adult survival (see Introduction) and long breeding seasons enabling frequent re-nesting (Stutchbury and
Morton 2001). Conjectures outlined above can be evaluated
only with high-quality data on parental care and oﬀspring
behavior and survival after fledging and thus obtaining such
data across latitudes should be a research priority.
Acknowledgements – This study would not be possible without hard
work of generations of field ornithologists. We are obliged to N.
Friedman for comments on the first draft of the manuscript and to
T. Koutný for help with digitizing survival curves. K. Weidinger, M.
Krist, and E. Kolářová commented on selected parts of the manuscript and their insights were much appreciated. Three reviewers and
the Editor provided very valuable comments and suggestions that
significantly improved this work. This study was supported by an
internal grant from Palacký Univ. (Prf_2016_004).

References
Anava, A., Kam, M., Shkolnik, A. and Degen, A. A. 2001. Growth
rate and energetics of Arabian balller (Turdoides squamiceps)
nestlings. – Auk 118: 519–524.

616

Bonnevie, B. T. 2004. Song and breeding observations of suburban
olive thrushes (Turdus olivaceus olivaceus) in Grahamstown,
South Africa. – Ostrich 75: 110–117.
Bosque, C. and Bosque, M. T. 1995. Nest predation as a selective
factor in the evolution of developmental rates in altricial birds.
– Am. Nat. 145: 234–260.
Calder, W. A. 1984. Size, function, and life history. – Dover
Publications.
Cardillo, M. 2002. The life-history basis of latitudinal diversity
gradients: how do species traits vary from the poles to the
equator? – J. Anim. Ecol. 71: 79–87.
Cheng, Y.-R. and Martin, T. E. 2012. Nest predation risk and
growth strategies of passerine species: grow fast or develop
traits to escape risk? – Am. Nat. 180: 285–295.
Cody, M. L. 1966. A general theory of clutch size. – Evolution 20:
174–184.
Coulson, T., Mace, G. M., Hudson, E. and Possingham, H. 2001.
The use and abuse of population viability analysis. – Trends
Ecol. Evol. 16: 219–221.
Cox, W. A., Thompson, F. R., Cox, A. S. and Faaborg, J. 2014.
Post-fledging survival in passerine birds and the value of postfledging studies to conservation. – J. Wildl. Manage. 78:
183–193.
Drobniak, S. M., Wagner, G., Mourocq, E. and Griesser, M. 2015.
Family living: an overlooked but pivotal social system to
understand the evolution of cooperative breeding. – Behav.
Ecol. 26: 805–811.
Dybala, K. E., Gardali, T. and Eadie, J. M. 2013. Dependent vs.
independent juvenile survival: contrasting drivers of variation
and the buﬀering eﬀect of parental care. – Ecology 94:
1584–1593.
Freckleton, R. P., Harvey, P. H. and Pagel, M. 2002. Phylogenetic
analysis and comparative data: a test and review of evidence.
– Am. Nat. 160: 712–726.
Ghalambor, C. K. and Martin, T. E. 2001. Fecundity-survival
trade-oﬀs and parental risk-taking in birds. – Science 292:
494–497.
Gill, S. A. and Haggerty, T. M. 2012. A comparison of life-history
and parental care in temperate and tropical wrens. – J. Avian.
Biol. 43: 461–471.
Grüebler, M. U. and Naef-Daenzer, B. 2010. Survival benefits of
post-fledging care: experimental approach to a critical part of
avian reproductive strategies. – J. Anim. Ecol. 79: 334–341.
Grüebler, M. U., Korner-Nievergelt, F. and Naef-Daenzer, B. 2014.
Equal nonbreeding period survival in adults and juveniles of a
long-distant migrant bird. – Ecol. Evol. 4: 756–765.
Jetz, W., Thomas, G. H., Joy, J. B., Hartmann, K. and Mooers, A.
Ø. 2012. The global diversity of birds in space and time.
– Nature 491: 444–448.
Karr, J. R., Nichols, J. D., Klimkiewicz, M. K. and Brawn, J. D.
1990. Survival rates of birds of tropical and temperate forests:
will the dogma survive? – Am. Nat. 136: 277–291.
Kleinbaum, D. G. and Klein, M. 2011. Survival analysis: a selflearning text, 3rd ed. – Springer.
Lack, D. 1968. Ecological adaptations for breeding in birds.
– Methuen.
Lloyd, P., Abadi, F., Altwegg, R. and Martin, T. E. 2014. South
temperate birds have higher apparent adult survival than
tropical birds in Africa. – J. Avian Biol. 45: 493–500.
Maness, T. J. and Anderson, D. J. 2013. Predictors of juvenile
survival in birds. – Ornithol. Monogr. 78: 1–55.
Martin, T. E. 2004. Avian life-history evolution has an eminent
past: does it have a bright future? – Auk 121: 289–301.
Martin, T. E. 2014. A conceptual framework for clutch-size
evolution in songbirds. – Am. Nat. 183: 313–324.
Martin, T. E. 2015. Age-related mortality explains life history
strategies of tropical and temperate songbirds. – Science 349:
966–970.

Martin, T. E., Auer, S. K., Bassar, R. D., Niklison, A. M. and Lloyd,
P. 2007. Geographic variation in avian incubation periods and
parental influences on embryonic temperature. – Evolution
61: 2558–2569.
Martin, T. E., Lloyd, P., Bosque, C., Barton, D. C., Biancucci, A.
L., Cheng, Y. and Ton, R. 2011. Growth rate variation among
passerine species in tropical and temperate sites: an antagonistic interaction between parental food provisioning and nest
predation risk. – Evolution 65: 1607–1622.
Martin, T. E., Oteyza, J. C., Mitchell, A. E., Potticary, A. L. and
Lloyd, P. 2015. Postnatal growth rates covary weakly with
embryonic development rates and do not explain adult mortality probability among songbirds on four continents. – Am.
Nat. 185: 380–389.
Matysioková, B. and Remeš, V. 2014. The importance of having a
partner: male help releases females from time limitation during
incubation in birds. – Front. Zool. 11: 24.
Matysioková, B., Cockburn, A. and Remeš, V. 2011. Male incubation feeding in songbirds responds diﬀerently to nest predation
risk across hemispheres. – Anim. Behav. 82: 1347–1356.
McGregor, R., Whittingham, M. J. and Cresswell, W. 2007.
Survival rates of tropical birds in Nigeria, west Africa. – Ibis
149: 615–618.
McKim-Louder, M. I., Hoover, J. P., Benson, T. J. and Schelsky,
W. M. 2013. Juvenile survival in a neotropical migratory
songbird in lower than expected. – PLoS One 8: e56059.
McNamara, J. M., Barta, Z., Wikelski, M. and Houston, A. I.
2008. A theoretical investigation of the eﬀect of latitude on
avian life histories. – Am. Nat. 172: 331–345.
Morrison, C. and Hero, J. M. 2003. Geographic variation in
life-history characteristics of amphibians: a review. – J. Anim.
Ecol. 72: 270–279.
Naef-Daenzer, B., Widmer, F. and Nuber, M. 2001. Diﬀerential
post-fledging survival of great and coal tits in relation to their
condition and fledging date. – J. Anim. Ecol. 70: 730–738.
Paradis, E. 2012. Analysis of phylogenetics and evolution with R,
2nd ed. – Springer.
Peach, W. J., Hanmer, D. B. and Oatley, T. B. 2001. Do southern
African songbirds live longer than their European counterparts? – Oikos 93: 235–249.
Perrins, C. M. 1991. Constraints on the demographic parameters
of bird populations. – In: Perrins, C. M. et al. (eds), Bird
population studies. Oxford Univ. Press, pp. 190–206.
Pinheiro, J., Bates, D., DebRoy, S. and Sarkar, D. 2013. nlme:
linear and nonlinear mixed eﬀects models. – R package ver.
3.1-117.
Remeš, V. 2007. Avian growth and development rates and agespecific mortality: the roles of nest predation and adult
mortality. – J. Evol. Biol. 20: 320–325.
Remeš, V. and Martin, T. E. 2002. Environmental influences on
the evolution of growth and developmental rates in passerines.
– Evolution 56: 2505–2518.
Remeš, V., Matysioková, B. and Cockburn, A. 2012. Long-term
and large-scale analyses of nest predation patterns in Australian
songbirds and a global comparison of nest predation rates. – J.
Avian Biol. 43: 435–444.
Ricklefs, R. E. 1983. Comparative avian demography. – Curr.
Ornithol. 1: 1–31.
Ricklefs, R. E. 2000. Density dependence, evolutionary optimization,
and the diversification of avian life histories. – Condor 102:
9–22.
Ricklefs, R. E. 2010. Parental investment and avian reproductive
rate: Williams’s principle reconsidered. – Am. Nat. 175:
350–361.
Ricklefs, R. E., Tsunekage, T. and Shea, R. E. 2011. Annual adult
survival in several new world passerine birds based on age ratios
in museum collections. – J. Ornithol. 152: 481–495.

Ridley, A. R. 2007. Factors aﬀecting oﬀspring survival and development in a cooperative bird: social, maternal and environmental eﬀects. – J. Anim. Ecol. 76: 750–760.
Roﬀ, D. A. 1992. The evolution of life histories: theory and
analysis. – Chapman and Hall.
Roﬀ, D. A., Remeš, V. and Martin, T. E. 2005. The evolution of
fledging age in songbirds. – J. Evol. Biol. 18: 1425–1433.
Rowley, I. and Russell, E. M. 1991. Demography of passerines in
the temperate southern hemisphere. – In: Perrins, C. M.,
Lebreton, J. D. and Hirons, G. J. M. (eds), Bird population
studies. Oxford Univ. Press, pp. 22–44.
Russell, E. M. 2000. Avian life histories: is extended parental care
the southern secret? – Emu 100: 377–399.
Russell, E. M., Yom-Tov, Y. and Geﬀen, E. 2004. Extended parental care and delayed dispersal: northern, tropical, and southern
passerines compared. – Behav. Ecol. 15: 831–838.
Sæther, B.-E., Engen, S. and Matthysen, E. 2002. Demographic
characteristics and population dynamical patterns of solitary
birds. – Science 295: 2070–2073.
Sankamethawee, W., Gale, G. A. and Hardesty, B. D. 2009. Postfledgling survival of the cooperatively breeding puﬀ-throated
bulbul (Alophoixus pallidus). – Condor 111: 675–683.
Schaefer, H. C., Eshiamwata, G. W., Munyekenye, F. B. and
Böhning-Gaese, K. 2004. Life-history of two African Sylvia
warblers: low annual fecundity and long post-fledging care.
– Ibis 146: 427–437.
Shipley, A. A., Murphy, M. T. and Elzinga, A. H. 2013. Residental
edges as ecological traps: postfledging survival of a groundnesting passerine in a forested urban park. – Auk 130:
501–511.
Sibly, R. M. 2012. Life history. – In: Brown, J. H. and Sibly, R. M.
(eds), Metabolic ecology: a scaling approach. Wiley–Blackwell,
pp. 57–66.
Sim, I., Ludwig, S., Grant, M., Loughrey, J., Rebecca, G. and Reid,
J. M. 2013. Postfledging survival, movements, and dispersal
of ring ouzels (Turdus torquatus). – Auk 130: 69–77.
Stutchbury, B. J. M. and Morton, E. S. 2001. Behavioral ecology
of tropical birds. – Academic Press.
Styrsky, J. N., Brawn, J. D. and Robinson, S. K. 2005. Juvenile
mortality increases with clutch size in a neotropical bird.
– Ecology 86: 3238–3244.
Sullivan, K. A. 1989. Predation and starvation: age-specific
mortality in juvenile juncos (Junco phaenotus). – J. Anim. Ecol.
58: 275–286.
Tarwater, C. E. and Brawn, J. D. 2010. Family living in a
Neotropical bird: variation in timing of dispersal and
higher survival for delayed dispersers. – Anim. Behav. 80:
535–542.
Tarwater, C. E., Ricklefs, R. E., Maddox, J. D. and Brawn, J. D.
2011. Pre-reproductive survival in a tropical bird and its
implications for avian life histories. – Ecology 92: 1271–1281.
Vila-Gispert, A., Moreno-Amich, R. and García-Berthou, E. 2002.
Gradients of life-history variation: an intercontinental comparison of fishes. – Rev. Fish Biol. Fish. 12: 417–427.
Weathers, W. W. and Sullivan, K. A. 1989. Juvenile foraging
proficiency, parental eﬀort, and avian reproductive success.
– Ecol. Monogr. 59: 223–246.
Whittingham, M. J., Stephens, P. A., Bradbury, R. B. and
Freckleton, R. P. 2006. Why do we still use stepwise modelling
in ecology and behaviour? – J. Anim. Ecol. 75: 1182–1189.
Wiersma, P., Muñoz-Garcia, A., Walker, A. and Williams, J. B.
2007. Tropical birds have a slow pace of life. – Proc. Natl Acad.
Sci. USA 104: 9340–9345.
Wikelski, M., Spinney, L., Schelsky, W., Scheuerlein, A. and
Gwinner, E. 2003. Slow pace of life in tropical sedentary birds:
a common-garden experiment on four stonechat populations
from diﬀerent latitudes. – Proc. R. Soc. B 270: 2383–2388.

617

Wisdom, M. J., Mills, L. S. and Doak, D. F. 2000. Life stage
simulation analysis: estimating vital rate eﬀects on population
growth for conservation. – Ecology 81: 628–641.
Wolak, M. E., Fairbairn, D. J. and Paulsen, Y. R. 2012. Guidelines
for estimating repeatability. – Methods Ecol. Evol. 3:
129–137.
Wolf, L., Ketterson, E. D. and Nolan, V. 1988. Paternal influence
on growth and survival of dark-eyed junco young: do parental
males benefit? – Anim. Behav. 36: 1601–1618.

Supplementary material (Appendix JAV-00841 at  www.
avianbiology.org/appendix/jav-00841 ). Appendix 1–2.

618

Woolfenden, G. E. and Fitzpatrick, J. W. 1984. The Florida scrub
jay. – Princeton Univ. Press.
Yom-Tov, Y. 1994. Clutch size of passerines at mid-latitudes:
the possible eﬀect of competition with migrants. – Ibis 136:
161–165.
Yom-Tov, Y., McCleery, R. and Purchase, D. 1992. The survival
rate of Australian passerines. – Ibis 134: 374–379.
Yom-Tov, Y., Christie, M. I. and Iglesias, G. J. 1994. Clutch size in
passerines of southern South America. – Condor 96: 170–177.

1!
2!

Supplementary,material,Appendix,2,
,

5!

Remeš,!V.!and!Matysioková,!B.!Survival!to!independence!in!relation!to!pre>fledging!
development!and!latitude!in!songbirds!across!the!globe.!Journal!of!Avian!Biology!
000:!000>000.!

6!

!

7!

Prepared!by!V.!Remeš!

8!

!

3!
4!

9!
10!
11!
12!
13!

The!purpose!of!this!Appendix!2!is!to!show!that!daily!post>fledging!mortality!rate!in!passerines,is,not,
constant:!It!generally!strongly!declines,upon,fledging.!This!represents!a!challenge!for!statistical!analysis!of!
post>fledging!survival!derived!from!literature!data,!where!original!survival!histories!of!individuals!are!not!
available.!More!importantly,!it!means!that!it,is,not,possible,to,express,“daily,mortality/survival,rate”,by,a,
single,number,for,a,given,species!and!thus!precludes,analyses,based,on,daily,rates.!

14!

!

15!

I!follow!this!general!outline:!

16!

1)!Extraction!of!survival!curves!from!literature!

17!

2)!Fitting!of!survival!models!to!these!average!curves!

18!

3)!Inferring!survival!parameters!for!all!species!

19!

4)!Comparing!survival!parameters!between!geographic!regions!

20!

5)!Conclusions!

21!

!

!

1!
!

23!
24!
25!
26!
27!
28!

I!found!and!digitized!25!survival!curves!(n!=!21!species)!that!fulfilled!my!criteria!when!selecting!post>
fledging!survival!studies!(see!the!main!article).!These!included!18!curves!(n!=!14!species)!for!Northern!
Temperate!species!and!7!curves!(n!=!7!species)!for!Southern!species.!Following!figure!(Fig.!S1)!shows!
individual!curves!(left!panel)!and!their!averages!for!individual!days,!separately!for!the!two!geographic!
regions!(right!panel).!Scatter!in!later!days!in!the!right!panel!is!caused!by!sparse!data!(i.e.,!few!species!have!
such!long!periods!of!post>fledging!care;!see!the!left!panel).!

0

10

20

30

40

50

0.8
0.6
0.4

Northern Temperate
Southern

0.0

60

0

Post-fledging period (days)

29!

0.2

Post-fledging survival

0.8
0.6
0.4
0.2

Northern Temperate
Southern

0.0

Post-fledging survival

1.0

1),Extraction,of,survival,curves,from,literature,

1.0

22!

10

20

30

40

50

Post-fledging period (days)

60

!

30!
31!
32!
33!
34!

I!also!digitized!an!average!survival!curve!shown!in!Fig.!2!in!Cox!et!al.!(2014,!J.!Wildl.!Manag.!78:183–193),!
which!represents!all!species!included!in!that!study!across!all!geographic!regions.!Although!there!was!some!
overlap!in!studies!included,!Cox!et!al.!(2014)!used!different!criteria!when!selecting!studies!on!post>fledging!
survival!for!their!metaanalysis,!and!thus!their!average!survival!curve!provides!partly!independent!material!
for!the!present!analyses!(their!curve!is!depicted!below!in!Fig.!S3).!

35!

2),Fitting,of,survival,models,to,these,average,curves,

36!
37!
38!

Several!models!can!be!fitted!to!survival!trajectories!and!I!followed!general!guidelines!given!in!Kleinbaum!
and!Klein!(2011,!Survival!Analysis:!A!Self>Learning!Text,!Third!Edition.!Springer).!I!fitted!following!two!
models!to!average!survival!curves:!

39!
40!
41!
42!
43!
44!
45!
46!
47!

i)!Weibull!model!of!the!form!S"="exp(−λtP),!where!S!is!post>fledging!survival,!λ!is!a!parameter!quantifying!
how!fast!overall!survival!declines!with!time,!t!is!time,!and!P!is!the!shape!parameter!determining!how!the!
daily!mortality!rate!changes!with!time!(more!precisely!the!hazard!function!h"=!λPtP,1,!see!Kleinbaum!and!
Klein!2011).!For!P>1!it!increases,!for!P<1!it!decreases,!and!for!P=1!it!is!constant!and!thus!h"="λ.!In!the!latter!
case!the!Weibull!model!reduces!to!the!Exponential!model,!which!is!thus!its!special!case!where!S"="exp(−λt).!
Natural!logarithm!of!survival!in!both!models!is!linear!against!the!time!axis!under!its!proper!transformation.!
While!in!the!Weibull!model!ln(S)!declines!linearly!with!tP,!yielding!ln(S)"=!−λtP,!in!the!Exponential!model!as!
its!special!ln(S)!should!be!linear!on!semi>log!scale,!yielding!ln(S)"="−λt.!Plots!of!both!S!and!ln(S)!against!time!
will!be!used!to!visually!judge!model!fit.!

48!
49!
50!

ii)!Power!model!of!the!form!S"="at,k,!where!a!and!k!are!parameters,!and!t!is!time.!The!power!model!is!not!
often!used!in!survival!analyses,!but!it!provides!a!convenient!way!to!model!non>linear!curves.!This!model!is!
linear!on!a!log>log!scale,!yielding!ln(S)"="ln(a)"− k"ln(t).!When!fitting!this!model,!I!assumed!a"="1,!meaning!S"="
2!
!

53!
54!
55!
56!
57!
58!
59!
60!

Following!figure!(Fig.!S2)!shows!that!both!Weibull!and!Power!models!fit!the!average!survival!curves!
reasonably!well,!whereas!the!Exponential!model!(special!case!of!Weibull!assuming!constant!daily!mortality!
rate)!provides!very!poor!fit!(panel!A).!Note!how!non>linear!the!empirical!survival!trajectories!are!on!the!
semi>log!panel!(panel!B),!and!how!the!Exponential!model!provides!very!poor!fit.!If!the!Exponential!model!
were!a!good!approximation!of!the!post>fledging!survival!trajectories!in!passerines,!the!empirical!survival!
trajectories!would!be!linear!on!the!semi>log!plot,!as!the!estimated!Exponential!fits!are!(panel!B).!On!the!
contrary,!empirical!survival!trajectories!and!their!fits!are!reasonably!linear!on!the!appropriate!time!scales!
for!both!Power!(ln(time),!panel!C)!and!Weibull!model!(time!raised!to!the!Pth!power,!panel!D).!

A
0

10

20

30

40

50

-0.8

-0.6

-0.4

-0.2

Northern Temperate
Southern
Exponential model

B

-1.0

loge Post-fledging survival

0.9
0.8
0.7
0.6
0.5
0.4

Post-fledging survival

Northern Temperate
Southern
Power
Weibull
Exponential

0.0

100%!at!the!age!of!1!day,!which!was!set!as!fledging!day,!making!this!assumption!a!logical!necessity.!I!again!
used!plots!of!both!S!and!ln(S)!against!time!to!judge!model!fit.!

1.0

51!
52!

60

0

1

2

C
3

4

62!

40

50

60

0.0
-0.2
-0.4
-0.6
-0.8
0

loge Days post-fledging

61!

30

Northern Temperate
Southern
Weibull model

-1.0

loge Post-fledging survival

0.0
-0.2
-0.4
0

20

Days post-fledging

-0.6
-0.8

Northern Temperate
Southern
Power model

-1.0

loge Post-fledging survival

Days post-fledging

10

1

2

3

D
4

Days post-fledging ^ P

5

!

!

63!

The!same!findings!are!true!for!the!average!survival!curve!(Fig.!S3)!from!Cox!et!al.!(2014;!their!Fig.!2).!
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The!estimates!of!the!parameters!of!the!Weibull!and!Power!models!are!as!follows!(Table!1):!
!!
Northern!Temperate!spp.!
Southern!spp.!
All!spp.!(based!on!Cox!et!al.!2014)!

Weibull!λ!
0.158!
0.112!
0.152!

Weibull!P!
0.452!
0.342!
0.381!

!

Power!k!
0.198!
0.106!
0.163!
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For!the!Weibull!model,!all!P!estimates!are!<<!1,!showing!that!daily!survival!rate!is!not!constant!but!
increases!with!days!post>fledging!(i.e.,!daily!mortality!rate!decreases).!Additionally,!both!λN>λS!and!PN>PS,!
meaning!that!overall!survival!declines!faster!in!Northern!Temperate!than!in!Southern!species!(see!Fig.!S2).!
Similarly,!for!the!Power!model!kN>kS!has!the!same!consequence.!Thus,!these!two!models!converge!on!the!
observation!that!the!decline!of!overall!survival!is!faster!in!Northern!Temperate!passerines!as!compared!to!
Southern!passerines.!
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Note:!As!the!wording!might!be!confusing,!I!provide!3!different!statements!how!to!describe!these!results:!i)!
overall!survival!declines!faster!in!Northern!Temperate!species!than!in!Southern!species,!ii)!daily!survival!
rate!improves!faster!in!Southern!species!than!in!Northern!Temperate!species,!or!iii)!daily!mortality!rate!
declines!faster!in!Southern!species!than!in!Northern!Temperate!species.!These!three!statements!could!be!
used!interchangeably!when!describing!the!results!presented!above.!
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3),Inferring,survival,parameters,for,all,species,

82!
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I!then!estimated!Weibull!λ!and!Power!k!for!all!species!in!my!sample.!For!all!species,!I!used!average!age!of!
independence!and!average!post>fledging!survival,!both!calculated!from!the!original!studies!(see!the!main!
article).!Thus,!for!all!species!I!had!only!two!data!points:!the!start!of!the!survival!curve!(fledging!time,!
survival!100%)!and!its!end!(empirically!observed!survival!at!and!age!of!independence).!Calculations!were!as!
follows.!
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Weibull!model:!When!estimating!Weibull!λ,!it!is!necessary!to!supply!the!shape!parameter!P.!Thus,!I!used!i)!
one!global!P!value!derived!for!all!species!(based!on!Cox!et!al.!2014!curve),!and!ii)!region>specific!P!values!
(i.e.,!PN!for!Northern!Temperate!species!and!PS!for!Southern!species).!I!estimated!λ"="−ln(S)"/"AIP,!where!AI!
is!age!of!independence!and!other!symbols!are!as!above.!!
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Power!model:!I!estimated!k"="−[ln(S)"/"ln(AI)]"="−lnAI(S),!where!symbols!are!as!above.!
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Following!figure!(Fig.!S4)!shows!survival!curves!fitted!for!all!species!using!the!Weibull!and!Power!models.!
Thin!lines!with!a!dot!at!the!end!are!estimated!survival!curves!for!individual!species,!where!the!dot!denotes!
empirically!observed!survival!for!a!given!age!of!independence.!Thick!lines!are!averages!for!Northern!
Temperate!and!Southern!species,!respectively.!
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Power model
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4),Comparing,survival,parameters,between,geographic,regions,
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Finally,!I!tested!whether!Weibull!λ!or!Power!k!differ!significantly!between!Northern!Temperate!and!
Southern!species!of!passerines,!while!controlling!for!nestling!period!length,!the!main!predictor!of!post>
fledging!survival!(see!the!main!article).!These!tests!yielded!similar!results!when!run!without!the!nestling!
period!length.!

102!
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The!prediction!is!that!if!survival!in!Northern!Temperate!species!declines!faster!than!in!Southern!species,!
then!for!Weibull!model!λN>λS!and!for!Power!model!kN>kS.!I!ran!these!tests!using!phylogenetic!generalized!
least!squares!models!as!in!the!main!article.!
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Results!of!these!phylogenetic!analyses!(n!=!78!species)!are!as!follows!(Table!2):!

Intercept
Geography (South)
log10 Nestling period

106!

!

Weibull λ (global P)
Estimate
(SE)
t (p)
0.77 (0.09)
−0.05 (0.02)
−2.4 (0.019)
−0.36 (0.08)
−4.69 (<0.001)

Weibull λ (geogr. specific P)
Estimate
(SE)
t (p)
0.72 (0.09)
0.01 (0.02)
0.51 (0.610)
−0.35 (0.08)
−4.56 (<0.001)

!
5!
!

Power k
Estimate
(SE)
t (p)
0.84 (0.06)
−0.04 (0.02)
−1.89 (0.063)
−0.40 (0.06)
−6.70 (<0.001)
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1)!There!is!a!clear!effect!of!the!length!of!the!nestling!period:!overall!survival!declines!more!slowly!in!species!
with!longer!nestling!periods.!This!agrees!with!the!observation!in!the!main!article!that!long!nestling!periods!
are!associated!with!high!survival!to!independence!across!species!and!latitudes.!
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2)!The!effect!of!geography!is!apparent!in!the!Weibull!model!with!global!P!(one!shape!of!the!curve)!and!to!a!
lesser!extent!(p!=!0.06)!in!the!Power!model.!Northern!Temperate!species!have!higher!parameters!(Weibull!
λ!and!Power!k)!than!Southern!species,!which!means!that!overall!survival!declines!faster!in!passerine!species!
living!north!of!the!Tropic!of!Cancer.!
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On!the!other!hand,!the!effect!of!geography!was!not!significant!in!the!Weibull!model!with!P!specific!for!
Northern!Temperate!vs.!Southern!species!(see!Table!1!above!for!these!estimates).!However,!I!suggest!that!
this!absence!of!the!effect!of!geography!on!Weibull!λ!with!region>specific!P!is!caused!by!the!fact!that!the!
difference!between!geographic!regions!was!already!captured!by!different!shape!parameter!P!(PN!=!0.452!in!
Northern!Temperate!spp,!PS!=!0.342!in!Southern!spp.,!see!Table!1).!Following!figure!(Fig.!S5)!demonstrates!
this!effect.!The!same!difference!between!two!survival!curves!can!be!caused!by!different!P!with!the!same!λ!
(red!lines)!or!by!different!λ!with!the!same!P!(blue!lines).!Lambda!and!P!values!in!Fig.!S5!are!real!values!
estimated!above.!This!confusion!stems!from!the!fact!that!it!is!not!possible!to!estimate!both!parameters!
based!on!data!available!here.!Also,!it!is!a!common!practice!in!survival!analysis!to!model!λ!while!keeping!P!
fixed!(see!Kleinbaum!and!Klein!2011).!I!thus!suggest!that!the!Weibull!model!with!global!P!and!the!Power!
model!provide!more!correct!insight!into!differences!between!geographic!regions.!
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Thus,!a!tentative!conclusion!from!these!analyses!is!that!overall!survival!declines!faster!in!Northern!
Temperate!species!than!is!Southern!species.!However,!since!age!of!independence!is!much!higher!in!
Southern!species,!post>fledging!mortality!in!these!species!accumulates!for!a!longer!time!and!this!might!
result!in!similar!survival!to!independence,!as!shown!in!the!main!article.!
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5),Conclusions,
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It!is!important!to!stress!that!all!these!analyses!are!very!preliminary!and!depend!on!a!number!of!
assumptions.!However,!they!clearly!demonstrate!that:!
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1)!It!is!not,possible,to,analyse,postHfledging,survival,in,passerines,using,daily,survival,rates,!because!daily!
survival!rate!increases!upon!fledging!(i.e.!daily!mortality!declines).!
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2)!Only!highHquality,demographic,data!across!latitudes!can!confirm!whether!there!really!are!systematic!
differences,between,temperate,and,tropical,passerines!in:!i)!overall!survival!to!independence,!and!ii)!the!
shape!of!survival!trajectories.!
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