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Summary

1.

 

In Britain, the song thrush 

 

Turdus philomelos

 

 is categorized as a species of high
national conservation concern because of a large population decline during the last
three decades. We calculated a series of annual national population estimates for wood-
land and farmland habitats combined for the period 1964–2000. We then used turning
points analysis to identify seven blocks of years within the period of decline (1968–2000)
with uniform rates of population change in the smoothed trend.

 

2.

 

We used recoveries of song thrushes ringed as nestlings, juveniles and adults during
April–September to estimate survival rates separately for the post-fledging period, the
remainder of the first year and for adults. Daily survival probability was lower during
the post-fledging period than during the remainder of the first year or for older birds.

 

3.

 

There was evidence for variation in survival rates among blocks of years with different
rates of population change, particularly for first-year survival. There were significant
positive correlations across blocks between mean population multiplication rate (PMR)
and both post-fledging and first-year survival.

 

4.

 

Survival of first-year birds was correlated negatively with the duration of the longest
run of frost days and the survival of adults was correlated negatively with the duration
of the longest summer drought. Variation among blocks in mean PMR was correlated
with block means of the duration of runs of frost days and drought days, but significant
correlations between PMR and both post-fledging and first-year survival remained
after allowing for the influence of weather on survival.

 

5.

 

Changes in survival in the first winter, and perhaps also the post-fledging period, are
sufficient to have caused the song thrush population decline. The environmental causes
of  these changes are not known, but changes in farming practices, land drainage,
pesticides and predators are all candidates. Adverse weather conditions contributed to
the decline, but were not the primary driver.
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Introduction

 

In Britain, the song thrush (

 

Turdus philomelos

 

 Brehm)
is distributed widely across lowland habitats, with most
birds occurring on farmland (36%), woodland (24%)
or human-associated (24%) habitats (Gregory & Baillie

1998). However, a prolonged population decline reduced
breeding densities on farmland by 69% between 1968
and 1999 (95% confidence limits 60–76%) and by 46%
(30–58%) in woodland (Baillie 

 

et al

 

. 2002). There is
also evidence for a sustained decline in the number of
birds feeding in gardens in winter (R. J. W. Woodburn

 

et al

 

. unpublished). The breeding population of song
thrushes in Britain shows some local dispersal and sea-
sonal movement, but only a small proportion of birds
move outside Britain during the winter ( Thomson 2002).
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Thomson, Baillie & Peach (1997) investigated the
demographic mechanisms of the decline by estimating
annual survival rates of  first-year and adult song
thrushes using national ring recoveries. However, they
were forced to assume that reporting rates of  birds
found dead did not vary with either age or year, as they
did not have access to annual totals of the numbers of
birds ringed in each age class. Furthermore, although
they estimated the survival of birds ringed as independent
juveniles, they did not estimate survival rates during
the period between a young bird leaving the nest and
becoming an independent juvenile, i.e. post-fledging
survival, when mortality is likely to be high.

In this paper, we extend the analyses of Thomson

 

et al

 

. (1997) in five ways. First, we estimate the popu-
lation trajectory of the combined song thrush popu-
lation of  woodland and farmland during the period
1964–2000 and then use recently developed analytical
methods (Fewster 

 

et al

 

. 2000) to identify blocks of years
separated by turning points when the annual popu-
lation multiplication rate (PMR; the ratio of population
size in one year to that in the previous year) changed
significantly. Secondly, we use methods developed by
Thomson 

 

et al

 

. (1999) to estimate survival during the
post-fledging period, as well as for the remainder of the
first year and for adult birds. Thirdly, we use newly
available data on the numbers of birds ringed in each
age class to explicitly model variation in reporting rate
with respect to time and age. Fourthly, having obtained
estimates of survival rates for all three age classes and
all blocks of years, we use them in combination with the
population trajectory to estimate mean productivity
(young reared per adult per year) for each block. Finally,
we assess the relative contributions of  variation in
productivity and post-fledging, first-year and adult
survival as mechanisms driving population change.

 

Methods

 

    

 

Farmland and woodland populations of song thrushes
in Britain have been monitored by the British Trust for
Ornithology’s (BTO) Common Birds Census (CBC)
since its inception in 1964 (Baillie 

 

et al

 

. 2002). Each
year around 200 survey plots were visited 10–12 times
by volunteers during the breeding season and the
locations of all birds (mostly singing males) recorded
on maps, which were then analysed using standard
methods (Marchant 

 

et al

 

. 1990) to give the total number
of territories on each plot. Annual indices of population
size were obtained from log-linear Poisson regression
models with plot and year main effects (Pannekoek &
van Streijn 1996; Peach, Siriwardena & Gregory 1999).

To estimate song thrush population changes in
lowland rural Britain, we combined CBC indices for
woodland and farmland habitats. We were unable to
incorporate population data for song thrushes living
near human habitations because monitoring in these

habitats has begun only recently. During 1996–2000,
about 20% of  ringing records come from suburban
habitats; such birds could not be excluded because
ringing data has included habitat details only in recent
years; hence, it was necessary to accept the slight mis-
match in habitat coverage. There was little geographical
mismatch between the population size and ringing data
because the distribution of volunteer bird ringers is
broadly comparable to that of CBC fieldworkers.

To calculate song thrush population size in farmland
and woodland, CBC index values (Baillie 

 

et al

 

. 2002)
were standardized to a value of 1 in 1989 for each habitat.
We then calculated the mean density of song thrush ter-
ritories in farmland and woodland from CBC data for
1989, after excluding a small number of plots following
Marchant 

 

et al

 

. (1990). We multiplied the density of
territories by the habitat area in 1989 and multiplied
the entire CBC index series by this number. This was
conducted separately for farmland and woodland, and
the two series summed to give an overall estimate of
population size. The relative numbers in each habitat
were similar to those derived by Gregory & Baillie using
a line-transect method (1998). The combined popu-
lation size time-series was then smoothed using a
thin-plate spline with 10 d.f. in SAS 

 

 

 

(SAS Institute 1997), following the recommendations
in Fewster 

 

et al

 

. (2000). We replicated this procedure
199 times by resampling (with replacement) the CBC
plots and the central 95% of values were taken as the
confidence interval for each year.

To identify periods during which annual PMRs were
consistent, we used a modification of the turning points
method of Siriwardena 

 

et al

 

. (1998) and Fewster 

 

et al

 

.
(2000). Logarithms of the smoothed annual popula-
tion estimates from each bootstrap replicate were taken
and the second derivatives of the curve calculated for
each year. Second derivatives that were significantly
different (

 

P <

 

 0·05) from zero were considered to be
turning points in the rate of population change, with
each period of similar PMR delineated by these points
constituting a 

 

block

 

. We used logarithms of the smoothed
series rather than the untransformed smoothed series
so that the turning points identify a significant change
in the proportional rather than absolute rate of change
of the population.

 

   

 

About 2000 licensed volunteer ringers ring song thrushes
in Britain throughout the year. During our study period
about 1000–2000 birds were ringed annually as nest-
lings and about 6000 full-grown birds were ringed after
being caught in nets and traps. Although the ringing
scheme operates in both Britain and Ireland, a negligible
proportion (

 

c

 

. 2·5%) of  birds were ringed in Ireland.
Survival rates were estimated from recoveries, i.e. ringed
birds found dead and reported to the ringing scheme.

Most full-grown birds ringed during this period could
be aged in the hand as being either juvenile (< 1 year
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old) or adult (> 1 year old) using criteria given by
Svensson (1992). Some birds ringed in winter are likely
to have been migrants from breeding populations
elsewhere in Europe (Thomson 2002); to exclude as many
as possible of these we included only full-grown birds
ringed between 1 April and 30 September. Recoveries
of dead birds ringed during 1968–99 (the years for which
numbers ringed were available in computerized form)
and reported before 31 May 2000 were included in the
analysis. We excluded from the analysis a small number
of  records relating to uncertain or unusual ringing or
recovery circumstances, birds ringed while sick or injured
and nestlings that were subsequently found dead in the
nest, following criteria listed in Baillie & McCulloch
(1993). In total, 2714 recoveries from 172 799 birds
ringed in 32 cohorts were considered.

For birds ringed as nestlings three classes of age at
recovery were defined: post-fledging, first-year and
adult. Post-fledging recoveries were taken to be those
occurring within 63 days of the date of ringing of nest-
lings, which represented the difference between the
median dates of ringing of nestlings and of full-grown
young in their first year (Fig. 1). This will include some
nestling mortality, as birds are ringed typically 4–5 days
before fledging; mortality due to whole brood losses
will be around 0·10 in this time (Paradis 

 

et al

 

. 2000).
Recoveries between 63 days after the ringing of nest-
lings and 31 May in the following year were classed as
being of independent first-year birds. Recoveries after
this date were classed as being of  adult birds. Birds
ringed as juveniles were recovered as first-years if  the
recovery occurred before 31 May in the year following
hatching, after which they were classed as being recov-
ered as adults. Birds ringed as adults and recovered
before 31 May the following year were classed as having
been recovered in the year of  ringing. Subsequent
recovery periods ran from 1 June to the following 31 May,
reflecting the median ringing date of  adult birds
(Fig. 1). The length of the recovery period in the year

of ringing for birds ringed as juveniles and adults var-
ied because ringing occurred over a period of
months. However, the distribution of ringing dates
within the ringing period did not change substantially
between years, so is unlikely to bias our survival esti-
mates (Smith & Anderson 1987).

 

   

 

The methods follow Thomson 

 

et al

 

. (1999) and are an
extension of the approach of Brownie 

 

et al

 

. (1985). For
birds ringed as nestlings, the expected proportions (k)
recovered in each period are defined as:

k

 

post-fledging

 

: (1 

 

− φ

 

pf

 

) * 

 

λ

 

pf

 

k

 

first-year

 

: 

 

φ

 

pf

 

 * (1 

 

− φ

 

fy

 

) * 

 

λ

 

fy

 

k

 

adult (2nd

 

 

 

year)

 

: 

 

φ

 

pf

 

 * 

 

φ

 

fy

 

 * (1 

 

− φ

 

ad(2)

 

) * 

 

λ

 

ad(2)

 

k

 

adult (3rd

 

 

 

year)

 

: 

 

φ

 

pf

 

 * 

 

φ

 

fy

 

 * 

 

φ

 

ad(2)

 

 * (1 

 

− φ

 

ad(3)

 

) * 

 

λ

 

ad(3)

 

eqn 1

where 

 

φ

 

 denotes survival probability and 

 

λ

 

 reporting
rate (i.e. proportion of birds dying in a period that are
reported), and the subscripts refer to the different age-
classes. The equivalent expected proportions for birds
ringed as juveniles and adults are similar in structure
and identical to those of Brownie 

 

et al

 

. (1985).
All survival models were fitted using the software

package 

 



 

 (White & Burnham 1999) with logit
link functions. Models were specified in terms of sur-
vival probability (

 

φ

 

) and reporting rates (

 

λ

 

), which
could differ among age-classes and among calendar
years, with subscripts used to identify model parameters.
Lower case letters indicate categorical variation in
parameters; for example, 

 

φ

 

at

 

 means that survival is dif-
ferent for each of the three age related recovery periods
(

 

a

 

) and also differs independently among calendar
years (

 

t

 

), i.e. with 3 

 

×

 

 32 

 

=

 

 96 parameters. Upper-case

Fig. 1. Timing of the age classes, for five representative individuals. Birds are ringed April–September [shown in bold, median
ringing dates for pulli (P), juveniles (J) and adults (A) are also indicated]. Lines indicate how long (months) birds spend in each
age class (PF post-fledging, FY first-year and AD adult) and when they progress into the next age class.
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letters indicate linear trends (on the logit scale). For
example, 

 

λ

 

aT

 

 means that each age class has a different
logit-linear trend in reporting rate with time in years
since the beginning of the study period. As the first-
year and adult (but not post-fledging) recovery periods
overlap substantially, we considered models in which
rates varied with time in a similar way but with fixed
additive (in logit terms) differences in rate among the
age classes. This was indicated by placing a ‘+’ sign
between the age-classes assumed to be varying in
parallel across time. For example, 

 

φ

 

t(pf,fy

 

+

 

ad)

 

 means that
survival is assumed to vary among calendar years,
with variation during the post-fledging period being
independent of  that for the first-year and adult
recovery periods, which are assumed to undergo parallel
fluctuations with year.

The principal objective of the modelling was to test
for temporal changes in the survival rates of each age-
class and then to test for correlations between changes
in survival rates and population size (from the CBC
data). To avoid the latter being based upon relatively
imprecise calendar year-specific estimates (with poten-
tially high sampling correlations) we fitted models in
which survival was assumed to vary among blocks of
years (

 

b

 

) defined by the turning points analysis, but not
to vary with calendar year within these blocks (model

 

φ

 

ab

 

).
In addition to age-specific and fully time-dependent

models of reporting rate, we considered models with
different logit-linear declines in reporting rate for each
age class, because systematic temporal declines in report-
ing rates have been found for other species (Baillie &
Green 1987; Catchpole 

 

et al

 

. 1999). We also fitted models
with first-year and adult reporting rates varying in paral-
lel and a model with annual variation in reporting rate
for adult and first-year birds superimposed on a linear
trend (

 

λ

 

aT

 

+

 

t(fy

 

+

 

ad)

 

).
We used Akaike’s information criterion (AIC;

Anderson, Burnham & White 1994) to identify parsi-
monious models that accounted for important sources
of variation in the data while fitting as few parameters
as possible. In fitting the global model 

 

φ

 

at

 

λ

 

at

 

 (i.e. one
with a separate survival and reporting rates for each
age class and year, a total of 189 estimable parameters),
some over-dispersion was noted (the over-dispersion
parameter 

 

ç

 

 

 

=

 

 1·99). This is not unusual in ecological
studies, where values of  

 

ç

 

 between 1 and 3 might be
expected. Consequently, we report a quasi-likelihood
version of the AIC, the QAIC; parameter estimates are
unaffected by this, but variances are inflated by 

 

ç

 

.

 

  

 

Previous studies have shown that weather, particularly
during winter, can affect song thrush survival (Baillie
1990; Thomson 

 

et al

 

. 1997). Earthworms and other
soil-dwelling invertebrates form a large component of
the diet of song thrushes, particularly between Decem-
ber and May (Davies & Snow 1965). Earthworms move

deeper into the soil and/or become inactive during
periods of dry or cold weather and hence become less
available as prey for song thrushes. Dry summer soil
conditions are associated with reduced consumption of
earthworms by song thrushes, increased consumption
of snails and spiders and reduced body condition in
chicks and adults (Davies & Snow 1965; Gruar, Peach
& Taylor 2003). Thus, periods of prolonged drought in
summer and cold weather in winter might increase song
thrush mortality by reducing the availability of food.
Cold winter weather will also impose an increased
thermoregulatory burden.

We extracted daily temperature and rainfall data for
three stations in England selected to give broad regional
coverage of lowland areas (where most song thrushes
are ringed): Rothamsted, Hertfordshire (51

 

°

 

48

 

′

 

N 0

 

°

 

21

 

′

 

E,
128 m asl); Long Ashton, Somerset (51

 

°

 

26

 

′

 

N 2

 

°

 

40

 

′

 

W,
51 m asl) and Cockle Park, Northumberland (55

 

°

 

13

 

′

 

N
1

 

°

 

41

 

′

 

E, 95 m asl). For each station, we calculated the
length of the longest period of consecutive frost days
(mean air temperature < 0 

 

°

 

C) between October and
March and consecutive drought days (total daily rain-
fall < 1 mm) between June and mid-August. The number
of  consecutive frost days and drought days were then
averaged across the three stations. These weather time-
series were correlated strongly between Rothamsted
and Long Ashton (

 

r

 

 > 0·9), but less strongly between
these two stations and Cockle Park (0·5 < 

 

r

 

 < 0·7).
Models in which survival rates were assumed to depend
logit-linearly on winter frost or summer drought dura-
tion were denoted with subscripts F and D, respectively.

We simplified the weather model of survival (starting
from 

 

φ

 

D(pf,fy,ad)F(fy,ad)

 

) in a ‘step-down’ fashion, using like-
lihood ratio tests to assess the significance of removing
each linear relationship in turn until no further terms
could be removed without significantly increasing the
residual deviance. Reporting rate was modelled through-
out as 

 

λ

 

aT

 

, the most parsimonious formulation across a
range of survival models (Table 1).

 

- 

 

We were unable to estimate directly all the demographic
rates necessary to model song thrush population change.
We estimated survival rates of fledgling and full-grown
birds from ring recoveries (see above) and we assumed
that all birds aged 1 year and older attempt to breed
each year. Hence, the population of breeding birds N,
as surveyed by the CBC-based method, in year i + 1 is
related to the population in the previous year by:

N

 

(i

 

+

 

1)

 

 

 

=

 

 N

 

(i)

 

 * (φad(i) + P * φpf(i) * φfy(i)), eqn 2

where P is the mean number of  young reared to ring-
ing age per adult per year and the φ are year- and age-
specific survival rates. We therefore used the CBC-based
population change data to estimate the average value of
P within the blocks of  years defined by the turning
points analysis, by first estimating the average PMR
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within a block of years beginning in year i and ended in
year j, PMRij as:

PMRij = (Nj/Ni )
(1/( j−i)) eqn 3

where N represents the song thrush population estimates
in years i and j from the smoothed CBC trajectory.
The average breeding productivity P in the block was then
estimated from PMRij and the block- and age-specific
estimates of survival (φ), by rearranging eqn 2 as:

P(ij)  =  (PMR(ij) − φad(ij))/(φpf(ij) * φfy(ij)) eqn 4

    
  

We examined the effect of each demographic variable
in turn by calculating expected block-specific popula-
tion multiplication rates (EPMR) from:

EPMR  =  φad  + P * φpf * φfy eqn 5

The analysis was carried out with various combina-
tions of  demographic rates being allowed to assume
their block-specific estimates or being held constant at
the mean value across the whole study period. We then
calculated the Pearson correlation coefficient between
the observed PMR and the expected PMR across the
seven blocks. Correlation coefficients between EPMR
and PMR were then compared for these various sets of
assumptions.

We evaluated the contribution of  the effects of
weather to the observed correlations between block-
specific PMR and block-specific survival rates by using
a model of survival that included all five plausible
weather effects (from φD(pf,fy,ad)F(fy,ad)) with the same
slope across blocks but with block-specific intercepts
(i.e. with 5 + 3 * 7 = 26 parameters). This model was
then used with weather variables held constant at their
mean values for the first block (1968–74) to derive
block-specific weather-adjusted survival estimates and,
following the procedure described in the preceding
paragraph, EPMR values.

Results

 

Following a rapid recovery from the cold winter of
1962–63, the song thrush population declined contin-
uously between 1968 and 1998 (Fig. 2). Turning points
analysis on the smoothed trend line for 1968–2000
divided the series into seven blocks, the first six of which
reflected declining abundance; only the most recent
block (1998–2000) shows a modest recovery in num-
bers. The most rapid decline occurred in the late 1970s.

 

The most parsimonious description of reporting rates
was a logit-linear temporal decline with different slopes
and intercepts for all three age-classes (Table 1). Sam-
pling correlations between the reporting rate estimates
were relatively high 0·50 < | r | < 0·85 and models with
the same juvenile and adult reporting rates had only
marginally (∆QAIC < 2) higher QAICs. The temporal
decline in reporting rate was slightly greater for birds
that died as adults (change in log odds per year β =
−0·063 ± 0·007 (SE), from model φatλaT) than for juve-
niles (β = −0·047 ± 0·017) and the temporal decline in
reporting rate for birds that died during the post-fledging
period was least marked and not significant (β = −0·010
± 0·012). Similar estimates of  reporting rate trends
were obtained under alternative survival rate formulations
and, in each case, the λaT model had the lowest QAIC
(Table 1). Adult and juvenile reporting rates have declined
from around 3% in the late 1960s to 0·5% and 0·8%,
respectively, whereas post-fledging reporting rate has
remained around 1·5%. Because the λaT formulation
was the most parsimonious for all definitions of survival
investigated, we restricted our evaluation of temporal
changes in survival to this formulation of reporting rate.

  

Average daily survival (from φaλaT, for median re-
covery periods) was lower during the post-fledging

Table 1. Modelling of reporting rate with various assumptions about age and time dependence of survival rates. Column gives
∆QAIC (i.e. QAIC relative to that of the best model) for each reporting rate model (λ…) under various different scenarios for
survival rates (φ…); for each example of survival the most parsimonious model is given in bold. The number of parameters (NP)
used in each formulation is also indicated; for details of model specifications, see text
 

 

NP
λat 
96

λt(pf,fy+ad) 
65

λa(pf ),t(fy+ad)

34
λaT+t(fy+ad) 
38

λaT 
6

λT(pf+fy+ad)

4
λa

3

φat 96 233 188 153 158 113 137 230
φab 21 129 87·4 81·2 49·0 5·94 134 149
φa(pf ),b(fy,ad) 15 121 188 48·8 198 5·05 68·7 233
φa(fy),b(pf,ad) 15 119 82·0 82·4 44·3 14·1 26·7 180
φa(ad),b(pf,fy) 15 122 73·4 164 39·8 6·96 91·7 302
φa(pf,fy),b(ad) 9 114 187 50·2 38·3 6·61 17·9 174
φa(pf,ad),b(fy) 9 114 179 68·8 33·5 0 62·5 266
φa(fy,ad),b(pf ) 9 112 72·9 73·5 37·3 8·44 42·8 239
φa 3 106 68·6 41·0 30·9 1·01 11·6 202
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period (φpf = 0·9844) than during the remainder of
the first year (φfy = 0·9980) or subsequent adult years
(φad = 0·9987). This pattern was consistent across
models, irrespective of the way in which calendar year

or block effects were defined. Survival rates varied
among blocks (Fig. 3), but only in the case of first-year
survival was this variation statistically significant
(LRT test: φaλaT vs. φa(pf,ad)b(fy) λaT,  = 25·9, P = 0·0002)

Fig. 2. The estimated number of song thrush territories in woodland and farmland in Britain during the period 1964–2000
(circles). The solid line represents a smoothed trend, with 95% confidence limits (dotted lines, see text). The vertical tick marks
identify significant (P < 0·05) changes in the population multiplication rate, identified by analysis of second derivatives of the
smoothed index.

Fig. 3. Age-specific survival rates (φ) for temporal blocks of uniform population multiplication rate (PMR). Thick lines depict
the block-specific model (φabλaT), with dashed lines giving 95% confidence limits. Points depict the annual estimates of survival (±
1 SE) derived from model φatλaT, and dotted lines mean survival rates (from φaλaT). Block-specific productivity (P) required to
produce the observed PMR, given the observed survival rates (φabλaT) is also shown.

χ ( )6
2
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and this was the most parsimonious model of those
tested.

In the starting model that included all five of the
weather related survival effects (φD(pf,fy,ad)F(fy,ad)), the esti-
mated coefficients all had the expected negative sign
(one-tailed sign test: P = 0·031). All sampling correla-
tions between these parameters were | r | < 0·1. How-
ever, this model could be simplified to φa(pf ),D(ad),F(fy) in
which there were significant negative effects of  the
duration of winter frosts on the survival rate of first-
year song thrushes (β = −0·061 ± 0·023) and significant
negative effects of the length of summer drought on
adult survival (β = −0·017 ± 0·008); other effects of weather
on survival were not statistically significant when
added to this model.

     
     

PMR appeared to be correlated with the survival of
birds in their first year, both in the post-fledging stage
and the remainder of  the year (Fig. 4). Both of  these
correlations were influenced strongly by the sixth (short)
block (1998–2000) when the population increased and
survival was estimated with relatively low precision.
When this block was omitted, the correlation between
PMR and φpf became nonsignificant (r = 0·41; P > 0·2)

but that for φfy remained significant (r = 0·77; P = 0·04).
Comparing correlations between observed block-

specific PMRs and EPMRs under different combina-
tions of time-varying demographic rates suggests that
variation in post-fledging and first-year survival rates
contributed to the observed rates of population change,
but that productivity and adult survival did not (Table 2).
Removing block-specific variation in post-fledging and

Fig. 4. Relationship between population multiplication rate (PMR) and demographic rates for the seven blocks defined by
turning points analysis. PMR was calculated from the smoothed index within periods with consistent rates of population change
(see Fig. 2), block-specific survival rates (± 1 SE) come from model φabλaT and productivity from the population model (see text).
Correlations of demographic rates with growth rate: P r = −0·73, NS; φpf r = 0·87, P < 0·05; φfy r = 0·90, P < 0·01; φad r = 0·25, NS.

Table 2. Effect on expected population multiplication rate
(EPMR) of variation among time blocks (see text) of demo-
graphic parameters. EPMR was calculated as described in
the Methods, and Pearson’s r correlations between this and
the observed PMR values for each block were calculated, with
survival rate parameters varying between blocks (b) or constant
across blocks (c). Although the significance of r cannot be
assessed in the conventional sense, for reference the 95% limit
for r7 is 0·754. Note that r for the model with all rates block-
specific must be 1·000 because of the way the rates are estimated
 

 

Model Model 

P φpf φfy φad r P φpf φfy φad r

b b b b 1·000 c c c c 0·000
c b b b 0·895 b c c c −0·722
b c b b −0·346 c b c c 0·866
b b c b 0·095 c c b c 0·899
b b b c 0·784 c c c b 0·248



677
Song thrush 
survival

© 2004 British 
Ecological Society, 
Journal of Animal 
Ecology, 73,
670–682

first-year survival removed the correlation between
observed and expected PMR, conversely introducing time
variation in these rates when the others were assumed
constant greatly increased the degree of  correlation.

Block-specific PMRs were correlated negatively
with block means of summer drought and frost duration

(Fig. 5). However, these weather variables alone did
not seem to account entirely for the relationship
between survival and PMR. The correlations between
block-specific PMRs and the weather-adjusted survival
estimates (Fig. 6) were similar to those observed without
allowing for weather effects (Fig. 4). There was a strong

Fig. 5. Block-specific mean population multiplication rate (PMR) in relation to the mean duration of the longest winter frost
period and of the longest summer drought period.

Fig. 6. Relationship between population multiplication rate (PMR) and weather-adjusted demographic rates for periods of
uniform PMR. Block-specific survival rates were calculated from a model with five plausible effects of weather on age-specific
survival rates, with these effects assumed to have common slopes across blocks for a particular age and weather variable, but with
block-specific intercepts. The block-specific survival values plotted assume that weather was the same in all blocks (taken to be
the mean drought and frost period durations for the first block). Correlations with PMR: P r = −0·50, NS; φpf r = 0·86, P < 0·05;
φfy r = 0·83, P < 0·05; φad r = 0·03, NS.
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correlation between PMR and EPMR generated from
a model with these weather-adjusted age- and block-
specific survival estimates and constant productivity P
(r = 0·849). Similar results were obtained when the
adjustment of survival was made using only the statis-
tically significant effects of weather (frost duration on
first-year survival and drought duration on adult sur-
vival). Hence, although weather variability has exacer-
bated particular periods of decline, it seems unlikely to
have driven the decline.

Discussion

The song thrush, in common with a number of other
passerine species that occur widely on farmland, has
experienced a large population decline since the 1970s
(Baillie et al. 2002). The analyses presented here sug-
gest that changes in survival of birds in their first year
of  life after fledging have had the greatest impact on
population changes. These conclusions largely support
those of Thomson et al. (1997), but extend those results
by highlighting the potential importance of changes in
post-fledging survival. We also show the necessity of
modelling reporting rates explicitly in rigorous analysis
of  large-scale ringing data; one cannot assume such
rates are constant. This is likely to be the case for many
species (Baillie & Green 1987; Dunn 2001).

   - 

This is one of the first studies of post-fledging survival
at a sufficiently large spatial scale that failure to detect
surviving birds caused by emigration can be disregarded

as a cause of apparent mortality. It should be noted
that our definition of  the post-fledging period was
imposed by the nature of our data (the difference in
median ringing dates of  nestling and first-year birds,
Fig. 1) and not biological (e.g. the period of depend-
ence). Daily post-fledging survival estimates show a
positive correlation with the duration of the period over
which survival was measured, indicating that daily sur-
vival rates increased with time since fledging (Fig. 7).
For example, Thomson & Cotton’s (2000) estimate of
daily post-fledging survival was much lower than ours,
but was measured over a much shorter period (14 days
from fledging). This finding indicates that comparisons
of post-fledging survival among species or studies must
standardize or otherwise allow for the period over
which it is measured.

Although survival during the post-fledging period
was low compared to that of older birds, it was similar
that recorded from other passerines (Fig. 7), and this
does not necessarily imply a large impact on popula-
tion trend. Given the observed average survival rates
(from φaλaT), our population model (eqn 2), suggests a
productivity of 1·86 fledglings per bird per season (or
3·72 fledglings per pair) are required to maintain a
stable population. Successful song thrush breeding
attempts in Britain fledge an average of  3·69 young
(Paradis et al. 2000), so each pair would need to fledge
an average of only one brood per season for the popu-
lation to remain stable. Because female song thrushes in
Britain typically lay several clutches in a season of which
an average of 44% produce fledged young (Paradis et al.
2000), such productivity seems plausible. Furthermore,
changes in post-fledging survival have the opportunity

Fig. 7. Daily post-fledging survival rate, assuming a constant survival probability during the post-fledging period in relation to
the duration of the period over which survival was measured. Measurements over different periods for the same species are joined
by lines. Species codes: BB, blackbird (Turdus merula); BT, blue tit (Parus caeruleus); GT, great tit (P. major); SG, starling (Sturnus
vulgaris); ST, song thrush; WT, wood thrush (Hylocichla mustelina); YJ, yellow-eyed junco (Junco phaenotus); ZF, zebra finch
(Taenopygia guttata). Data from Thomson & Cotton (2000), Naef-Daenzer, Widmer & Nuber (2001), Bradbury et al. (2000) and
this study.
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to be compensated for by density-dependent changes in
demographic rates that occur later in the life history.

       
  

We found a significant negative effect of cold winter
weather on the survival of song thrushes in their first
year and a significant negative effect of summer drought
on the survival of adults. Thomson et al. (1997) found
negative effects of cold winters on the survival of first-
year and adult song thrushes. Variation in weather con-
ditions influenced survival and the mean PMR of  a
block was correlated with block means of  frost and
drought duration. However, these effects did not account
for the differences in PMR among blocks. When we
adjusted the block-specific estimates of survival to those
expected if  weather conditions had remained constant
throughout the study period, we still found a strong

correlation between observed PMR and adjusted post-
fledging and first-year survival rates.

Further evidence that the effects of weather did not
fully account for the decline of the song thrush popu-
lation is apparent in plots of annual population changes
against frost and drought duration (Fig. 8). It can be
seen that the population tended to increase more in
1964–68 than would be expected from the relationship
of  PMR to weather conditions from 1968 onwards.
First-year survival of  song thrushes may have been
unusually high in this period (Thomson et al. 1997). It
seems likely that the song thrush population grew
rapidly during 1964–68 because of a density-dependent
response to low population size caused by the abnor-
mally cold 1962/63 winter and that first-year survival
rates may have been at least part of  the mechanism
of density-dependence. However, the low PMR values
in the period 1978–2000, when the song thrush popula-
tion was lower than during the period of rapid increase,

Fig. 8. Annual estimates of population multiplication rate from CBC data for the period 1964–2000 in relation to the duration
of the longest consecutive run of frost days and drought days. Filled triangles show data for the period 1964–68, a period of
population increase following an exceptionally cold winter, filled circles the period 1969–77 when the population was declining
but high (> 2 million territories) and open squares the period 1978–2000 when the population was lower than in either of the
earlier periods.
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indicate that the nature of  any density-dependent
relationship changed markedly in the 1970s.

    
 

The pattern of song thrush population change resem-
bles closely that of bird species associated more strongly
with farmland (Fuller 2000). In recent decades, agri-
cultural practice in Britain has changed markedly as
intensification of production has increased. The great-
est changes occurred in the periods 1970–74 and 1982–
88 (Chamberlain et al. 2000). Although the number of
song thrush territories is generally greater in farmland
than woodland areas, most territories and foraging
tend to occur in non-cropped habitats, particularly
damp field boundaries, woodland edge, scrub and gar-
dens (Mason 1998; Peach et al. 2002). Grazed per-
manent grassland is also an important foraging habitat
for song thrushes but most arable crops, particularly
cereals, are avoided (Buckingham et al. 2002; Peach
et al. 2002).

Two major changes in agricultural land use that are
likely to have had negative impacts on farmland song
thrushes are hedgerow removal, with loss rates highest
between 1978 and 1990 (Barr et al. 1993) and the con-
version of permanent grassland to arable cultivation
with under-field drainage which peaked during the
late 1970s facilitated by the availability of government
grants (Robinson & Armstrong 1988). Earthworms are
generally much more abundant in permanent grass
fields than in arable fields, due probably to the damper
soil conditions, higher levels of  organic matter and
absence of ploughing and pesticide application on grass
(Tucker 1992; Edwards & Bohlen 1996). Snails also
form a large part of  the prey of  song thrushes, par-
ticularly when other food is scarce (Davies & Snow 1965;
Gruar et al. 2003). Large increases in the usage of
molluscicides on farmed land (Garthwaite & Thomas
1996) and gardens may have reduced prey availability
for song thrushes or possibly caused direct mortality
through secondary poisoning, although their use tends
to be greatest during wet summers, when prey availabil-
ity is at its highest.

Song thrushes are frequent prey of sparrowhawks
(Accipiter nisus L.) and Thomson et al. (1998) found
that it was the only one of 12 declining passerine bird
species in Britain for which there was a significant
tendency for populations to change more negatively on
CBC plots following the arrival of  sparrowhawks.
However, there is no evidence of a negative relationship
between block-specific post-fledging and first-year sur-
vival rates of song thrushes and block-specific means of
the CBC index for sparrowhawk (Baillie et al. 2002).
Paradis et al. (2000) found that large-scale spatial vari-
ation in the nest success of song thrushes was nega-
tively correlated with the abundance of corvids, which
are predators of eggs and nestlings. Stoate & Szczur
(2001) found that nest success and breeding popula-

tions increased markedly following the introduction of
predator control to a farm in lowland England, though
changes in habitat management may also have influenced
population size. However, the absence of  any corre-
lation between PMR and productivity and increasing
average nest success rates over time (Baillie et al. 2002)
suggests that increases in nest failure rates due to
increased corvid densities are an unlikely cause of the
national population decline.

    

First-year survival rates were significantly lower during
the two periods of steep population decline (c. 48%)
than during the periods of relative population stability
(60%, Fig. 3). This suggests that song thrush popu-
lation dynamics are density-dependent, i.e. a given
change in the environment is likely produce only a tran-
sient change in the relevant demographic parameter,
not a long-term trend in it, which would yield an ever-
accelerating population decline (Green 1999). In
general, birds in their first year of  life are known to
suffer in competition for resources (Wunderle 1991),
particularly during periods of environmental stress such
as prolonged frosty weather, when soil invertebrates are
likely to be unavailable as prey. Rates of population
decline were particularly high during periods with
relatively severe winters, when first-year survival is low.

The pattern of density-dependent processes need not
have been constant over time. Thus, for example, song
thrush populations recovered quite quickly from an
external environmental stress in the early 1960s (a harsh
winter) but were, apparently, unable to do so after steep
declines in the 1970s and 1980s. Populations of many
farmland resident birds (but not summer migrants)
have shown the greatest declines at similar times as the
song thrush, i.e. the late 1970s and mid-1980s (Siriwardena
et al. 1998) and many of them have also shown few signs
of subsequent recovery, despite at least some having
shown significant population increases after the 1962/
63 winter. This would be consistent with the generally
deleterious impact of agricultural change on much of
the UK landscape (Chamberlain et al. 2000; Robinson
& Sutherland 2002), being exacerbated by periods of
environmental stress. The changing nature of the den-
sity dependence and the inability of these populations
to recover their former numbers may have conse-
quences for the successful implementation of the UK
government’s Public Service Agreement to reverse the
population declines in British farmland birds by 2020
(DETR 1999).

Conclusions

Changes in demographic parameters do not need to be
large or sustained to produce marked changes in abun-
dance. Nevertheless, we provide clear evidence that
reduced survival of first-year birds has been sufficient
to account for the decline in numbers of song thrushes
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breeding in Britain. Furthermore, we have shown that
while survival is correlated with weather conditions,
these do not explain fully the long-term decline. It has
not yet been possible to identify which of a range of other
candidate environmental causes have been responsible
for long-term changes in the abundance of  song
thrushes, due mainly to a lack of long-term data on the
relevant environmental variables. Even if  such data
were available, correlations with underlying environ-
mental changes might be obscured by lags, interactions
with other variables or temporally varying density
dependent processes. Future work needs to concentrate
on improving our understanding of the relationships
between survival and environmental variables.

Acknowledgements

We would like to thank all the ringers and people who
have reported dead birds and Stephen Browne, Neil
McCulloch and the BTO Ringing Unit for setting up
and checking the database. Thanks also to Jacquie
Clark, Humphrey Crick and Gavin Siriwardena for com-
menting on the early drafts. We thank the Meteorological
Office for making available the climate data through the
British Atmospheric Data Centre (www.badc.rl.ac.uk).
The ringing scheme is jointly funded by the BTO, the
Joint Nature Conservation Committee (on behalf  of
English Nature, Scottish Natural Heritage, Country-
side Council for Wales, the Environment and Heritage
Service in Northern Ireland and Dúchas, the Heritage
Service − National Parks and Wildlife, Ireland) and the
ringers themselves. The CBC is funded jointly by BTO
and JNCC. We thank all ringers and CBC counters
for their time, effort and enthusiasm in collecting the
data. This analysis was supported by funding from the
Royal Society for the Protection of Birds.

References

Anderson, D.R., Burnham, K.P. & White, G.C. (1994) AIC
model selection in overdispersed capture–recapture data.
Ecology, 75, 1780–1793.

Baillie, S.R. (1990) Integrated population monitoring of
breeding birds in Britain and Ireland. Ibis, 132, 151–166.

Baillie, S.R., Crick, H.Q.P., Balmer, D.E., Beaven, L.P.,
Downie, I.S., Freeman, S.N., Leech, D.I., Marchant, J.H.,
Noble, D.G., Raven, M.J., Simpkin, A.P., Thewlis, R.M. &
Wernham, C.V. (2002) Breeding Birds in the Wider Country-
side: their Conservation Status 2001. British Trust for Ornitho-
logy, Thetford, UK (http://www.bto.org/birdtrends).

Baillie, S.R. & Green, R.E. (1987) The importance of vari-
ation in recovery rates when estimating survival rates from
ringing recoveries. Acta Ornithologica, 23, 41–60.

Baillie, S.R. & McCulloch, N. (1993) Modelling survival rates
of passerines ringed during the breeding season from
national ringing and recovery data. Marked Individuals in the
Study of Bird Populations (eds J.-D. Lebreton & P.M. North),
pp. 123–139. Birkhauser-Verlag, Basel, Switzerland.

Barr, C.J., Bunce, R.G.H., Clarke, R.T., Fuller, R.M., Furse, M.T.,
Gillespie, M.K., Groom, G.B., Hallam, C.J., Horning, M.,
Howard, D.C. & Ness, M.J. (1993) Countryside Survey
1990: Main Report. Department of Environment, Eastcote,
Hampshire, UK.

Bradbury, R.B., Kyrkos, A., Morris, A.J., Clark, S.C.,
Perkins, A.J. & Wilson, J.D. (2000) Habitat associations
and breeding success of yellowhammers on lowland farm-
land. Journal of Applied Ecology, 37, 789–805.

Brownie, C., Anderson, D.R., Burnham, K.P. & Robson, D.S.
(1985) Statistical Inference from Band Recovery − a Hand-
book. US Department of the Interior Fish and Wildlife
Service, Washington.

Buckingham, D.L., Peach, W.J. & Fox, D. (2002) Factors
influencing bird use of different postoral systems. Conser-
vation Pays? (ed. J. Frame), pp. 55–58. British Grassland
Society Occasional Symposium 36, Reading.

Catchpole, E.A., Morgan, B.J.T., Freeman, S.N. & Peach, W.J.
(1999) Modelling the survival of British lapwings using
ring-recovery data and weather covariates. Bird Study, 46,
S5–S13.

Chamberlain, D.E., Fuller, R.J., Bunce, R.G.H., Duckworth, J.C.
& Shrubb, M. (2000) Changes in the abundance of farmland
birds in relation to the timing of agricultural intensification
in England and Wales. Journal of Applied Ecology, 37, 771–
788.

Davies, P.W. & Snow, D.W. (1965) Territory and food of the
song thrush. British Birds, 58, 161–175.

DETR (1999) Quality of Life Counts. The Stationery Office,
London.

Dunn, E.H. (2001) Causes of  decline in band encounter
rates for small landbirds. North American Bird Bander, 26,
9–15.

Edwards, C.A. & Bohlen, P.J. (1996) Biology and Ecology of
Earthworms. Chapman & Hall, London.

Fewster, R.M., Buckland, S.T., Siriwardena, G.M., Baillie,
S.R. & Wilson, J.D. (2000) Analysis of population trends
for farmland birds using generalised additive models.
Ecology, 81, 1970–1984.

Fuller, R.J. (2000) Relationships between recent changes in
lowland British agriculture and farmland bird populations:
an overview. The Conservation and Ecology of Lowland
Farmland Birds (eds N.J. Aebischer, A.D. Evans, P.V. Grice
& J.A. Vickery), pp. 5–16. British Ornithologists’ Union,
Tring, UK.

Garthwaite, D.G. & Thomas, M.R. (1996) The usage of mol-
luscicides in agriculture and horticulture in Great Britain
over the last 30 years. Slug and snail pests in agriculture.
BCPC Symposium, 66, 39–46.

Green, R.E. (1999) Applications of large scale studies of
demographic rates to bird consrvation. Bird Study, 46,
S279–S288.

Gregory, R.D. & Baillie, S.R. (1998) Large-scale habitat use
of some declining British birds. Journal of Applied Ecology,
35, 785–799.

Gruar, D., Peach, W.J. & Taylor, R. (2003) Summer diet and
body condition of song thrushes in stable and declining
farmland populations. Ibis, 145, 637–649.

Marchant, J.H., Hudson, R., Carter, S.P. & Whittington, P.A.
(1990) Population Trends in British Breeding Birds. British
Trust for Ornithology, Tring, UK.

Mason, C.F. (1998) Habitats of the song thrush Turdus phi-
lomelos in a largely arable landscape. Journal of Zoology,
244, 89–93.

Naef-Daenzer, B., Widmer, F. & Nuber, M. (2001) Differen-
tial post-fledging survival of  great and coal tits in relation
to their condition and fledging date. Journal of Animal
Ecology, 70, 730–738.

Pannekoek, J. & van Streijn, A. (1996) TRIM (Trends and
Indices for Monitoring Data). Statistics Netherlands, Voor-
burg, the Netherlands.

Paradis, E., Baillie, S.R., Sutherland, W.J., Dudley, C.,
Crick, H.Q.P. & Gregory, R.D. (2000) Large-scale spatial
variation in the breeding performance of song thrushes
Turdus philomelos and blackbirds T. merula in Britain.
Journal of Applied Ecology, 37, S73–S87.

http://www.bto.org/


682
R. A. Robinson 
et al.

© 2004 British 
Ecological Society, 
Journal of Animal 
Ecology, 73,
670–682

Peach, W.J., Siriwardena, G.M. & Gregory, R.D. (1999)
Long-term changes in over-winter survival rates explain the
decline of reed buntings Emberiza schoeniclus in Britain.
Journal of Applied Ecology, 36, 798–811.

Peach, W., Taylor, R., Cotton, P., Gruar, D., Hill, I. & Denny,
M. (2002) Habitat utilisation by song thrushes Turdus
philomelos on lowland farmland during summer and winter.
Aspects of Applied Biology, 67, 11–20.

Robinson, M. & Armstrong, A.C. (1988) The extent of agri-
cultural field drainage in England and Wales, 1971–80.
Transactions of the Institute of British Geography, 13, 19–
28.

Robinson, R.A. & Sutherland, W.J. (2002) Post-war changes
in arable farming and biodiversity in Great Britain. Journal
of Applied Ecology, 39, 157–176.

SAS Institute (1997) SAS/STAT Software: Changes and
Enhancements Through Release 6.12. SAS Institute, Cary,
NC.

Siriwardena, G.M., Baillie, S.R., Buckland, S.T., Fewster, R.,
Marchant, J.H. & Wilson, J.D. (1998) Trends in abundance
of farmland birds: a quantitative comparison of smoothed
common birds census indices. Journal of Applied Ecology,
35, 24–33.

Smith, D.R. & Anderson, D.R. (1987) Effects of lengthy ringing
periods on estimators of annual survival. Acta Ornithologica,
23, 69–76.

Stoate, C. & Szczur, J. (2001) Could game management have
a role in the conservation of farmland passerines? A case
study from a Leicestershire farm. Bird Study, 48, 279–292.

Svensson, L. (1992) Identification Guide to European Passer-
ines. Published privately. Stockholm, Sweden.

Thomson, D.L. (2002) Song thrush. The Migration
Atlas: Movements of the Birds of Britain and Ireland (eds
C.V. Wernham, M.P. Toms, J.H. Marchant, J.A. Clark,
G.M. Siriwardena & S.R. Baillie), pp. 530–533. T. &
A.D. Poyser, London.

Thomson, D.L., Green, R.E., Gregory, R.D. & Baillie, S.R.
(1998) The widespread declines of songbirds in rural Britain
do not correlate with the spread of their avian predators.
Proceedings of the Royal Society, Series B, 265, 2057–2062.

Thomson, D.L., Baillie, S.R. & Peach, W.J. (1997) The demo-
graphy and age-specific annual survival of song thrushes
during periods of population stability and decline. Journal
of Animal Ecology, 66, 414–424.

Thomson, D.L., Baillie, S.R. & Peach, W.J. (1999) A method
for studying post-fledging survival rates using data from
ringing recoveries. Bird Study, 46, S104–S112.

Thomson, D.L. & Cotton, P.A. (2000) Understanding the decline
of the British population of song thrushes Turdus philomelos.
Ecology and Conservation of Lowland Farmland Birds
(eds N.J. Aebischer, A.D. Evans, P.V. Grice & J.A. Vickery),
pp. 151–155. British Ornithologists’ Union, Tring, UK.

Tucker, G.M. (1992) Effects of  agricultural practices on
field use by invertebrate-feeding birds in winter. Journal of
Applied Ecology, 29, 779–790.

White, G.C. & Burnham, K.P. (1999) Program : survival
estimation from populations of marked animals. Bird Study,
46, S120–S139.

Wunderle, J.M. (1991) Age-specific foraging proficiency in
birds. Current Ornithology, 9, 273–324.

Received 22 July 2003; accepted 2 December 2003


