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Bullfinch Pyrrhula pyrrhula populations decreased by 33% in Britain over the years 1977-
82, the period of steepest decline. The timing of this decline and its greater severity on
farmland (-65%) than in woodland (—28%) point to agricultural intensification as a likely
environmental cause, but previous analyses of survival rate and breeding success data have
not been able to identify a clear demographic mechanism. As part of an investigation into
the causes of the decline of Bullfinch populations, we conducted an intensive study of
breeding phenology and success in farmland and woodland habitats of Oxfordshire and
neighbouring counties in 1999-2001, using a combination of nest monitoring and autumn
mist-netting. Breeding success data were supplemented with nest record and mist-net
capture data collected in the same geographical area during the 1960s and 1990s to compare
pre- and post-decline productivity. We found a change in the distribution of first-egg dates,
with median first-egg dates 17-18 days later in the 1990s. This reflected a change in the
centre of gravity of the breeding season rather than the timing of its start and end, with pro-
portionally fewer birds laying in May and early June, and proportionally more between then
and the end of July. We found no significant difference in any aspect of productivity per
breeding attempt between the two periods, although there was a trend towards higher egg
period failure rates in the 1990s. October age ratios indicated higher annual productivity
in the 1990s. We found no significant differences between farmland and woodland in Bull-
finch breeding success or timing of breeding. The cause of the decline of Bullfinch popula-
tions in both woodland and farmland, and the greater severity of the decline in farmland,
seems more likely to be found in: (a) the impacts of habitat deterioration on breeding
densities, (b) constraints on survival probability outside the breeding season and/or (c) the
impacts of increasing populations of Sparrowhawks Accipiter nisus on the ability of Bull-
finches to exploit resources in some habitats. Further investigation of the breeding ecology
and phenology of Bullfinches would best be focused on understanding the causes and
possible demographic consequences of the shift in first-egg date distribution in favour of
later-summer nesting attempts.

Information on demographic rates can provide insight
into the mechanisms of population change and help
diagnose underlying environmental causes of popu-
lation decline (Green 1995, Newton 1998, Peach
et al. 1999). The European Bullfinch (Pyrrhula pyr-
rhula) was added to the UK Red List of Birds of
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Conservation Concern in 1996 because of a severe
population decline in the preceding 20 years (Gibbons
et al. 1996). Analyses of Common Birds Census
(CBC) data indicated that the decline was greatest
between 1977 and 1982, coinciding with a period of
rapid agricultural intensification, and was more severe
on farmland (-65%) than in woodland (-28%),
although significant in both habitats. Analyses of
national Nest Record Scheme (NRS) and ring recovery



data sets found that variation in adult survival, first
year survival, egg period failure rates (EFR) and
nestling period failure rates (NFR) fitted the popula-
tion trend sufficiently closely that any or all could
have contributed to the decline, and ruled out only
changes in clutch and brood size as potential demo-
graphic causes of recent trends (Siriwardena er al.
2001). Of these, EFR gave the best fit to the Bullfinch
population trend, primarily because it fell after the
period of steepest population decline in 1977-82.
However, the number of breeding attempts and
post-fledging survival and, therefore, annual produc-
tivity were unknown and changes in these factors
could not be ruled out as demographic mechanisms
of decline.

Analyses of nest record cards for multi-brooded
species are generally biased toward earlier nests
(Crick & Baillie 1996). This bias could be a particu-
lar problem for Bullfinches because they have a rela-
tively long breeding season, and their well-hidden
nests become more difficult to find as foliage density
increases through the season (Newton 2004). We
therefore used a combination of intensive field study
and historical nest record data from observers who
had searched intensively throughout the Bullfinch
breeding season to test:

(1) whether the breeding season has shortened,
reducing the opportunity for Bullfinches to make
repeat nesting attempts;

(2) whether productivity of individual nesting
attempts had changed between the 1960s and 1990s;
(3) whether breeding success differed between
farmland and woodland, and whether these differ-
ences might explain the divergence in population
decline between the two habitats;

(4) whether annual productivity at the population
level, as estimated from October age ratios, was cor-
related with the Bullfinch population trend since the
1960s.

METHODS

Timing of breeding

We assessed patterns of breeding phenology from:
(1) first-egg dates (i.e. the date the first egg of each
clutch was laid) of nests monitored, both as part of
our intensive study and by NRS recorders in Oxford-
shire and neighbouring counties; and (2) moult
scores of juveniles caught during the post-breeding
moult, which are a close correlate of fledging date
(following Newton 1966, 1999, Newton & Rothery
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2000). We used mist-nets to catch Bullfinches in
September—October 1999 and August-November
2000 on farmland at Otmoor (SP5615) and in nearby
mixed woodland at Whitecross Green Wood (SP6015)
on the Oxfordshire/Buckinghamshire border.
Additional moult data were collected by ringers
operating at Gordano Valley (ST4373) and Pope’s Hill
(SO6814), both in Gloucestershire, and in Treswell
Woods (SK7680), Nottinghamshire, in 2001. The
1960s moult data were collected by Ian Newton at
Wytham Woods (SP4608), Oxfordshire, in 1962-66.

Juvenile body moult was scored according to
Newton’s method (Newton 1966), ranging from 0
(moult not yet started) to 6 (moult completed), with
five stages of moult based on which feather tracts
were moulting. We back-calculated the approximate
date of moult onset using the formula: moult start
date = capture date — [(moult score — 0.5) * 10], assum-
ing that each moult stage lasted 10 days (Newton
1966, 1999, Newton & Rothery 2000) and that all
birds were caught at the midpoint of a particular
stage. Recaptured birds were excluded from analyses,
as were birds that had either not commenced or had
completed moult (Newton & Rothery 2000). We used
general linear models (in MINITAB, Release 13.20,
Minitab Inc. 2001) to test for differences between
the 1960s and 1990s data and for effects of habitat,
with catch date as a covariate to control for differ-
ences in mist-netting dates between the two periods.

Estimating productivity per breeding
attempt

We collected data on clutch size, brood size, nest
failure rates and causes of nest failure from five
main sites in Oxfordshire and Warwickshire in 1999—
2001 (Table 1), following the BTO’s Nest Record
Scheme protocol (Crick & Baillie 1996, Crick et al.
1999, 2003).

We also obtained records from the NRS for
Oxfordshire for the period 1960-70 and 1991-98
and from two major contributors to the scheme:
Henry Mayer-Gross and Colonel G.O. Stephens, from
the neighbouring counties of Berkshire and Bucking-
hamshire. Most of the 1960s records came from these
two recorders, who reported that they operated
throughout the Bullfinch breeding season. Most of
the 1990s records came from two expert nest-finders,
Ron Louch and Dave Tompson, who also searched
throughout the season and assisted with this study
in 1999-2001. Data from first and subsequent
breeding attempts were pooled because they could
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Table 1. Study sites for nest monitoring 1999-2001 (total no. of nests = 290).

No. of nests

Site Years monitored  County?  Central grid ref. Habitat Area (ha)  found (location)
Otmoor — Charlton 1999-2000 Oxon SP5715 farmland 131 64
Otmoor — other 1999-2001 Oxon SP5713 farmland c. 465 31
Whatcote 1999 Warks SP3044 farmland 134 9
Whitecross Green Wood 1999-2001 Oxon SP6015 woodland 62 86
Asham Meads 1999-2001 Oxon SP6015 farmland 23 14
Sydlings Copse/College Pond 1999-2001 Oxon SP5610 woodland, scrub 17 32
Other 1999-2001 Oxon, n/a woodland, 0 54

Berks, farmland,

Bucks garden

20xon: Oxfordshire; Warks: Warwickshire; Berks: Berkshire; Bucks: Buckinghamshire.

not be differentiated. Throughout this paper, we
shall refer to nest data from 1960 to 1970 as ‘1960s’
and from 1991 to 2001 as ‘1990s’ data.

Calculating nest survival rates
Daily nest failure rates were corrected for the
number of days the nest had been ‘exposed’ (i.e.
monitored) using Johnson’s (1979) extension of
the Mayfield method (Mayfield 1961, 1975). This
reduces the bias introduced by the fact that nests
found later during a given stage (e.g. egg or nestling
stage) are more likely to survive to the point of out-
come (hatching or fledging) than nests found earlier
in that stage. We calculated separate daily failure
rates for the egg period, nestling period and whole
nest period (WFR), from first-egg to nest fate, using
the number of days over which a nest was known to
have been exposed in each period and whether the
nest failed or survived, assuming a constant survival
rate within each period. We assumed an egg period
of 16 days and nestling period of 15 days, being the
mid-point of the range of usual values for southern
England (Cramp & Perrins 1994). Nests for which
the outcome was unknown were scored as having
survived the known exposure period and nests for
which failure date could not be assigned to the egg
or nestling period with any certainty were excluded
from calculations of failure rates in the egg and
nestling periods, but included in whole nest period
calculations. We excluded nests that had failed or
whose chicks had fledged upon discovery and those
with an interval of > 10 days between final and
penultimate nest checks. These decisions followed
standard BTO procedure.

We modelled daily nest failure rates using bino-
mial logistic regression with a logit link function in
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MINITAB, with nest fate (1 = failed, O = survived)
as the binomial numerator and number of exposure
days as the binomial denominator, in accordance
with Aebischer (1999). Standard errors for daily
failure rates were calculated using Johnson’s (1979)
formula. We also made univariate comparisons of
failure rates between the 1960s and 1990s and
between farmland and woodland, with P-values
compared with a Dunn-Sidék corrected a-level of

0.025 (Sokal & Rohlf 1981).

Estimating annual productivity

Because Bullfinches are generally secretive during
the breeding season and are capable of making
movements of more than 20 km between breeding
attempts (Newton 2000), it is extremely difficult to
assess the number of breeding attempts made by
individual females in the wild. We therefore used
October captures of Bullfinches to estimate annual
productivity from the ratio of juveniles to adults
(following Newton 1999, 2000).

We operated mist-nets in 1999-2000 at the
Otmoor and Whitecross Green Wood study sites. To
attract Bullfinches to the nets, we used tape lures of
Bullfinch contact calls played on a Sony TCM-323
cassette-recorder through Sony SRS-A11l speakers.
All Bullfinches were ringed and aged according to
plumage characteristics given in Svensson (1992).

To compare age ratios in different time periods in
which Bullfinch populations were increasing, decreas-
ing or stable nationally (Table 2), we obtained catch
data from ringing groups and extracted additional
data from the BTO’s Species Data Forms (BRC19),
which covered the period 1970-84 (although there
were few records from the 1980s). We tested for



Table 2. National Bullfinch population trends derived from BTO
census data.

Time period Trend Source

1962-74 Increasing CBC (Siriwardena et al. 2000)
1975-82 Decreasing CBC (Siriwardena et al. 2000)
1983-95 Stable CBC (Siriwardena et al. 2000)
1996—2001 Decreasing CBC (Baillie et al. 2001);

BBS? (Raven & Noble 2001)

a8BTO/Joint Nature Conservation Council/RSPB Breeding Bird
Survey.

effects of year, time period and broad habitat type
(see below) on the proportion of juveniles among
birds caught in October using binomial logistic
regression models in GenStat (Release 4.21, Genstat
5 Committee 1993), with number of juveniles as the
binomial numerator and total number of captures as
the binomial denominator. Because of large differ-
ences in sample sizes among the different datasets,
we weighted the regressions by ﬁ . As the data were
overdispersed, we used the GenStat facility to
estimate the dispersion parameter empirically and
correct standard errors accordingly. Habitat was clas-
sified into broad types derived from the BTO habitat
codes (BTO 1997) as follows: 1, Homestead (rural
habitations); 2, Farmland; 3, Scrub; 4, Woodland; 5,
Other/unspecified. Individuals were included in the
age-specific totals only once, irrespective of the num-
ber of times they were caught during the month in
question.

RESULTS

Timing of breeding

The median first-egg date over the season as a whole
was 17 days later in the 1990s than in the 1960s
(Mann-Whitney U-test, P = 0.018 two-tailed, n = 286;

Bullfinch breeding ecology in lowland farmland and woodland

81

1.0 §
0.9 4
0.8 4
0.7 4
0.6 1
0.5 4
0.4
0.3 4
0.2 4
0.1+
0.0

Cumulative proportion of clutches begun

9 11 13 15 17 19 21 23 25 27
5-day periods from 25 April

1.3 5 7

Figure 1. Cumulative proportion of Bullfinch clutches begun
over the course of the breeding season in the 1960s (open
squares) and 1990s (filled squares). All data from Oxfordshire
and neighbouring counties.

Table 3). When the very earliest and latest nests
were excluded, using the 5th and 95th percentiles as
cut-offs, the median first-egg date was 18 days later
in the 1990s than in the 1960s (Mann—Whitney U-
test, P =0.006, n = 258; Table 3). No comparisons
between time periods within habitats or between
farmland and woodland were significant at P < 0.05.
The distributions of first-egg dates (Fig. 1) show
that although the recorded Bullfinch breeding sea-
son began and ended at almost exactly the same time
in the 1990s as it did in the 1960s, the cumulative
distribution of nesting attempts is right-shifted; a
higher proportion of Bullfinch nesting attempts were
later in the season in the 1990s than in the 1960s.
Juveniles that were caught later in the season had
also begun moult later. This was presumably because
earlier moulting juveniles would have completed
moult and not be included in the sample from later
dates and also because post-fledging mortality and
dispersal would result in a greater proportion of the

Table 3. First-egg dates (FED) from nests monitored in the 1960s and 1990s.

1960s n 1990s n Difference
Median FED, all clutches 28 May 114 14 June 172 +17 days (P =0.018)
Median FED, 5th—95th percentile 27 May 103 14 June 155 +18 days (P = 0.006)
FED, 5th percentile 30 April 114 3 May 172
FED, 95th percentile 28 July 114 27 July 172
Minimum FED, all clutches?® 26 April 114 26 April 172
Maximum FED, all clutches® 3 August 114 18 August 172

aEarliest first-egg date; latest first-egg date.
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Table 4. Effects of catch date and decade on moult start date of juveniles. General Linear Model with decade fitted as a fixed effect.

Type lll
Source sums of squares df F P Direction
Catch date? 169 431 1 1151.61 < 0.001 +ve
Decade 4 368 1 29.69 < 0.001 1960s: 30 August + 2.51 days se (n = 608)*
1990s: 22 August + 1.79 days se (n = 94)*
Error 102 840 699
Total 701

*Least squares means calculated at average catch dates (1 = 1 July).

Included in the model as a covariate to control for its effect on moult start date and because the mean catch date was earlier in the
1960s (14 September + 0.98 se, n = 608; 1990s) than in the 1990s (6 October + 2.29 se, n = 94; GLM P < 0.001, df= 701).

Table 5. Untransformed parameter estimates and results of likelihood ratio tests for the effect of first egg date on nest failure rates in
Oxfordshire and neighbouring counties 1960—1970, 1991-2000 (binomial logistic regression).

Failure rate Intercept? se Slope (FED) se df P R?

EFR -3.9530 1.0390 -0.021618 0.005653 2453 0.0001 0.088
NFR -2.0387 0.3796 —-0.018602 0.005244 1563 0.0003 0.030
WFR -3.2303 0.6056 -0.018104 0.003587 4372 < 0.0001 0.048

Rf = (Total Deviance — Residual Deviance)/Total Deviance (Guisan & Zimmerman 2000, Pampel 2000).

8Intercept estimate calculated for Year = 1960.

earlier moulting birds being unavailable for capture
at later sampling dates. In addition, the latest juve-
niles would still be in nests when the earliest were in
moult, so not available for capture until later in the
season. After accounting for the effect of capture
date, the moult onset date of captured juveniles was
8 days earlier, on average, in the 1990s than the
1960s and the difference was significant (Table 4).
We could not make habitat comparisons for the
1960s because all the data were collected in woodland.
For the 1990s, there was no significant difference in
the onset of moult of juveniles caught in farmland
and woodland (pairwise t-test, P = 0.3687, df = 74).

Productivity per breeding attempt

Results of comparisons of productivity per breeding
attempt between the 1960s and 1990s are summar-
ized in Appendix 1. We found no significant differ-
ences in daily nest failure rates, clutch or brood sizes,
or in hatching success for clutches that hatched at
least one chick. However, there was a trend towards
higher egg period failure rates in the 1990s (G-test,
P=0.037, df=364) which was not significant at
P = 0.05 when corrected for multiple univariate tests.

In multivariate models of nest failure rates, the
only significant effects were of year and first-egg date
on egg period and whole nest period failure rates
and first-egg date on nestling period failure rates.
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Figure 2. Relationship between first-egg date and daily nest
failure rates during the egg (EFR), nestling (NFR) and whole
nest period (WFR).

Parameter estimates for the first-egg date term are
presented in Table 5. Year was treated as a factor in
these analyses and intercept estimates are presented
for the base year, 1960.

Nest failure rates declined over the season (Fig. 2)
and, for the egg and whole nest periods, varied
annually (Fig. 3).

We found no significant difference between farm-
land and woodland in any of the measures of produc-
tivity per breeding attempt. Predation was the greatest
cause of nest failure, accounting for 68% of all known
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Figure 3. Annual variation in daily nest failure rate during the
egg period, Oxfordshire and neighbouring counties 1960—1968
(open diamonds) 1993-2001 (filled diamonds), with standard
error bars. Failure rates for some years not shown due to very
small sample sizes (n < 5 nests).

total nest failures (65% and 60% of egg period and
nestling period failures, respectively — proportions
uncorrected for exposure days and including nests
that were already predated when found).

Annual productivity estimated from
October age ratios

After controlling for the effect of different data sources
(in most cases, a source was a specific geographical
location, although the BRC19 data are derived from
multiple sites), the modelled proportion of juveniles
in October mist-net catches of Bullfinches was high-
est in the period 1983 -95 when the population was
stable (Table 6).

The proportion of juveniles caught in October was
significantly higher in the 1990s than in the 1960s
(1962-70: 0.77, se =0.02, n=619; 1990-2001:
0.84,se = 0.02,n =365; P=0.012, df = 67) and was
significantly higher on farmland (0.84, se = 0.03,
n = 135) than in woodland (0.77, se = 0.01, n = 1353;
P =0.032, df = 70). However, the habitat effect dis-

first-egg date was 17-18 days later overall during the
1990s than during the 1960s, although this affected
the centre of gravity of the breeding season rather
than the timing of its start and end. Specifically, pro-
portionally fewer birds laid in May and early June and
proportionally more between then and the end of July
(Fig. 1). There was no difference between farmland
and woodland in either measure of timing of breeding.

The reasons for the shift towards later egg laying
during the middle of the Bullfinch breeding season,
after the first nesting attempts, are unknown. Hypo-
theses that could be tested in future work include:
(1) that adult condition is now poorer, causing birds
to require longer interclutch intervals; and (2) that
environmental conditions (especially food availabil-
ity and weather) are now relatively poor early in
the season, but better later in the season than in the
1960s. This second hypothesis is perhaps especially
promising because Bullfinches have been found to
exploit ripening oilseed rape seed as a food source
for nestlings (Proffitt 2002), a food resource which
becomes available later in the breeding season, and is
known to allow successful later nesting attempts in
intensive agricultural landscapes where it is grown
(Moorcroft & Wilson 2000). A third plausible
hypothesis is that nest survival rates during first nest-
ing attempts are now higher, thus delaying the
number and date of repeat nesting attempts. However,

Table 6. Numbers and ratio of juvenile (juv) and adult Bullfinches caught in October during time periods with different national population
trends, for all sites combined.

No. of No. of Proportion (se) Juv:Adult Proportion Juv:Adult
Period Trend juv. adults juv. (raw)? (raw)? juv. (model)® (model)®
1962-74 Increasing 769 264 0.74 (0.01) 2.91 0.70 2.33
1975-82 Decreasing 1123 363 0.76 (0.01) 3.09 0.73 2.70
1983-95 Stable 352 70 0.83 (0.02) 5.03 0.89 8.09
1996—-2001 Decreasing 173 28 0.86 (0.02) 6.18 0.75 3.00
Overall 2417 725 0.77 (0.01) 3.33

aCalculated from raw data; °calculated from back-transformed parameter estimates of model including data source and time period, with
calculations made using the parameter estimate for the BRC19 data source.
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in these data sets at least, there is no evidence of an
interaction between decade and first-egg date affect-
ing measures of nest success.

Analyses of onset of juvenile moult showed that,
after controlling for effects of catch date, captured
juveniles had begun to moult (and hence fledged) on
average 8 days earlier in the 1990s than in the 1960s.
This could be due to: (1) earlier cessation of breed-
ing in the 1990s; (2) a change in seasonal patterns of
nest success, such that earlier nests were relatively
more successful than later nests in the 1990s; (3) a
change in post-fledging mortality, so that more early
young survived; (4) a change in moult rate and/or
(5) a change in juvenile behaviour in a way that has
affected capture probability as a function of age since
fledging. Evidence against hypotheses (1) and (2) is
presented in this paper because the breeding season
is, overall, later now than in the 1960s and there no
evidence of an interaction between decade and first-
egg date affecting measures of nest success. Hypoth-
eses (4) and (5) would both be testable with new
data, but it is difficult to identify plausible scenarios
for these changes. Hypothesis (3) is perhaps worthy
of greatest attention because, contrary to the above
hypothesis, the recovery of Sparrowhawk Accipiter
nisus populations (Newton & Haas 1984) might be
predicted to have increased mortality risk to Bullfinches.
Put in perspective, however, a shift of just 8 days in
the predicted fledging date of captured juveniles does
not suggest a dramatic change in phenology of suc-
cessful Bullfinch nesting attempts or the subsequent
survival prospects of young birds since the 1960s.

The lack of trends in clutch and brood size is con-
sistent with analyses of national nest record data
(Siriwardena et al. 2000, Baillie et al. 2001). Daily
nest failure rates during the 1960s were similar to
national estimates for Bullfinches calculated from
nest record cards (Siriwardena et al. 2000) and
failure rates during the 1990s were similar to those
found in other recent studies of finches and buntings
in southern England (Kyrkos 1997, Bradbury et al.
2000, Moorcroft 2000, Whittingham er al. 2001).
The fact that we found no variation between broad
habitat types (woodland and farmland) in measures
of per nest breeding success contrasts with findings
from national analyses of NRS data, which showed
that egg period failure rates were higher in woodland
than farmland (Siriwardena et al. 2001). This may
simply reflect limited statistical power in our data
sets, along with the fact that the 1990s data are
derived from a fine-grained matrix of well-wooded
farmland in a confined geographical area.
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We found that annual productivity, as measured
by the corrected ratio of juveniles to adults caught in
October, was highest in 1983-95 when the national
Bullfinch population had stabilized following decline.
These trends are consistent with data from the
Constant Effort Sites scheme, which show a 13%
increase between 1984 and 1998 in the proportion
of juveniles caught between May and August inclu-
sive (Baillie er al. 2001). Changes in age ratios may
also reflect changes in the relative probabilities of
catching juvenile and adult birds. For instance, a
decline in late summer food availability (e.g. due to
agricultural intensification) may make juveniles more
likely to disperse and an increase in predation risk
(due to increased numbers of Sparrowhawks) may
make adults more sedentary. One might also expect
to trap more of the dispersing age-class (i.e. juveniles)
in farmland, as they travel between patches of wood-
land, the preferred habitat (Gregory & Baillie 1998).

In summary, this study suggests that the more
severe decline of Bullfinch populations on farmland
has not been driven by changes in per nest breeding
success. This is consistent with Siriwardena et al.
(2001), who found that nesting success in terms of
daily egg survival was actually higher on farmland
than in woodland. The shift towards later breeding
of Bullfinches could indicate constraints on total
annual productivity, but equally may indicate sea-
sonal shifts in availability of key food resources, and
this is an aspect of Bullfinch breeding phenology and
ecology that merits specific investigation.

Overall, we found no major differences in breed-
ing success or phenology between farmland and
woodland and, nationally, population trends have
been synchronous in the two habitats. This suggests
that whatever environmental factors are influencing
Bullfinch productivity in these two habitat types are
operating synergistically, probably aided by flows of
individuals between them. The cause of the decline
of Bullfinch populations in both woodland and
farmland, and the greater severity of the decline in
farmland, seems more likely to be found in: (1) the
impacts of habitat deterioration on densities of birds
settling to breed (Proffitt 2002); (2) constraints on
survival probability outside the breeding season
(Proffitt 2002); and/or (3) the impacts of increas-
ing populations of Sparrowhawks on the ability of
Bullfinches to exploit resources in some habitats
(Newton 1993). Further investigation of the breed-
ing ecology and phenology of Bullfinches would best
be focused on understanding the causes and possible
demographic consequences of the shift in first-egg



date distribution in favour of mid-summer nesting
attempts.
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Appendix 1. Summary of productivity per breeding attempt in the 1960s and 1990s. Figures in paretheses are standard errors. Hatching
and fledging success only includes nests where exact clutch and brood size were known.

Measure of productivity 1960s 1990s n P-value? Direction
Mean clutch size 4.69 (0.06) 4.61 (0.05) 299 0.752 ns
Mean brood size 3.98 (0.09) 3.89 (0.09) 230 0.715 ns
Proportion eggs hatched (successful)® 0.89 (0.03) 0.87 (0.02) 159 0.553 ns
Proportion chicks fledged (all broods)® unavailable 0.47 (0.05) 79 n/a

Proportion chicks fledged (successful)® unavailable 0.77 (0.04) 48 n/a

Number chicks fledged per attempt unavailable 0.94 (0.10) 240 n/a

Daily nest failure rate: egg period 0.026 (0.007) 0.039 (0.006) 365 0.037 ns
EFR 95% ClI 0.012-0.040 0.027-0.051

Daily nest failure rate: nestling period 0.030 (0.010) 0.032 (0.006) 254 0.783 ns
NFR 95% Cl 0.010-0.050 0.020-0.044

Daily nest failure rate: whole nest period 0.033 (0.004) 0.043 (0.003) 492 0.055 ns
WFR 95% ClI 0.025-0.041 0.037-0.049

aClutch and brood size: log-linear models; hatching success: Mann—Whitney U-test; nest failure rates: G-test, binomial logistic
regression.

PExcluding nests where no chicks hatched, i.e. all nests that successfully hatched at least one chick.

CIncluding nests where no chicks fledged, 1999—2001 only.

dExcluding nests where no chicks fledged, i.e. all nests that successfully fledged at least one chick, 1999—2001 only.
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