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AGE-RELATED TRENDS IN THE BREEDING SUCCESS OF
INDIVIDUAL FEMALE SPARROWHAWKS ACCIPITER NISUS
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Overall, female Sparrowhawks improved in the mean number of young
they raised per year up to the 5th year of life, and then declined. An attempt
is made to find to what extent this mean trend is caused by similar trends in
the breeding of individual females, and to what extent to the progressive
appearance and disappearance of high performing females among breeders
of different ages. It is concluded that the mean trend could be attributed en
tirely to similar age-related trends in individual birds.
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INTRODUCTION

In many species of birds, the mean clutch-size, or
the number of young raised per breeding attempt,
has been found to increase during the early years
of life. In a few species, these measures have been
shown to decrease during the later years of the
lifespan, a trend usually taken as evidence of se
nescence (Newton 1989). The initial upward trend
in performance has proved easier to demonstrate
than the later downward trend. This is partly be
cause studies on many bird populations have not
continued long enough to give known-age indi
viduals in the older age-groups. Also, in any bird
population, only small proportions of individuals
reach old age, so samples in the older age groups
are usually small.

In the studies known to us, such age-related
trends in breeding performance have been found
by combining the records of all individuals in
each successive age group (see reviews by New
ton 1989; S<ether 1990; Martin 1995). On this pro
cedure, the overall trend might result from two
distinct processes: (1) the separate trends shown
by individuals during their respective lifespans, or
(2) the progressive appearance or disappearance
of different classes of birds in the samples for dif-

ferent ages. For example, imagine a population in
which individuals started to breed at age I or 2
years, but those with the ability to breed best did
not start till age 2. This would give an improve
ment in mean performance between ages 1 and 2,
even if those birds that started at age 1 showed no
improvement. Imagine, as an alternative, that all
birds started breeding at age I year, but poor per
formers were more likely to die before age 2. This
process would also cause an increase in mean per
formance with age. In this paper, we explore, for
female Sparrowhawks Accipiter nisus, to what
extent individuals that were identified in succes
sive years followed the same trend in productivity
from one age to another as the mean trend for the
population. The latter has been published previ
ously (Newton 1989; Newton & Rothery 1997),
based on data from 1975-94, but in this paper we
include the records for two further years (1995
96), and also attempt to correct the data for 'year
effects' (that is, that part of the annual variation in
mean number of young raised per nest that could
result from factors other than age structure). For
birds in the first half of the lifespan which were
represented by large enough samples, we also ex
plored whether high performing birds entered the
breeding population at a later age than poor per-
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forming ones, and conversely, whether poor per
forming birds left the breeding population at an
earlier age than high performing ones. Either pro
cess, if it occurred, could have contributed to the
overall trend in the mean age-related performance
of the population.

An earlier attempt to find whether individuals
followed the mean trend in the population was the
study by Hamann & Cooke (1987) of laying date
and clutch size in the Snow Goose Anser caeru
iescens. They showed that individuals in the first
few years of life followed the mean trend of the
population, but did not examine whether other
factors were involved. In contrast, Van Noordwijk
et ai. (1981), found no 'within individual' effect in
Great Tits Parus major for, although the mean
clutch-size of one-year-oIds was significantly lo
wer than that of two-year-olds, individual birds
did not increase in clutch size as they aged from
one year to two. Neither of these studies explored
the situation in later life.

METHODS

The data for Sparrowhawks were derived from a
single 200 km2 area centred on Eskdale in south
Scotland (55°N, 3°W), in which attempts were
made each year to find all the nests, record breed
ing performance and ring the young. In addition,
as many of the breeding females as possible were
caught each year for identification and ringing
(with numbered metal rings). During the 22 years
concerned, nest numbers fluctuated from year to
year, but showed no long-term upward or down
ward trend.

Each year, virtually all females that were han
dled were caught in the 7 weeks between late
April and early June, from two weeks before lay
ing to the end of incubation. For females caught
near nests in the pre-laying period, all flight and
tail feathers were stamped with an individual
number. When, during incubation, these moulted
feathers were found at the nest, they could be
checked to ensure that the same female was in
volved. This was necessary because occasional

females changed nesting territories in the pre-lay
period. Most females, however, were caught on
the nest itself during incubation, as described
elsewhere (Newton 1986).

Breeders could be aged precisely if they had
been ringed in earlier years as nestlings, or if they
were first caught in their first or second year of
life when they were separable on plumage fea
tures. First-year birds had brown dorsal plumage,
whereas second-year birds had blue dorsal plum
age with a few retained brown feathers (no excep
tions to this were found among>100 known-age
ringed birds). From the third year on, the different
age groups all had blue dorsal plumage, with no
retained brown feathers, so at first capture such
birds could be allocated only a minimum age of 3
years. The effects on the conclusions of potential
errors in the ageing of birds of 3 or more years old
are discussed later. Even in the oldest birds of 9
10 years, no perceptible ring wear occurred, so
we assumed that ring loss was nil. The birds could
not remove the rings themselves.

In the 22 years of study, from 253 females
identified, 151 were identified in only one year,
52 in two years and 50 in three or more years.
Some of these individuals were first found nesting
in their first year of life, and others not until their
second or later years. The oldest birds (2 individ
uals) nested in their 9th year. Each bird raised no
more than one brood per year, containing up to six
young. There were thus two components to the
mean production of each age group: the propor
tion of successful nests, and the mean number of
young in successful nests. The number of young
in each nest was recorded when the young were
about 3 weeks of age, a few days before they left
the nest. The main predator of well grown young
Sparrowhawks, namely the Goshawk Accipiter
gentilis, was absent from our study area, and we
had no reason to expect large losses of young af
ter our last visit. Less than 10% of the young rin
ged in the study area subsequently entered the lo
cal breeding population (at ages 1-3 years), but
many other ringed young were recovered at up to
9 years old outside the area, so presumably bred
there.
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Analysis at the population level
Tests for trends with age at the population le

vel were made separately for each calendar year.
However, analyses for each year were not inde
pendent because some birds occurred in two or
more years. To estimate an overall pattern, the
combined data were analysed by fitting a quad
ratic model in age allowing for year effects, and
including an individual random bird effect. This
gave a simple way of allowing for correlation
across years from repeat observations on the same
bird. The model was fitted by the method of resid
ual maximum likelihood (REML), using the sta
tistical package Genstat (Genstat 5 Committee,
1993). Logistic regression was used to test for
trends in the proportion of successful nests. How
ever, because the individual responses in a given
year were binary (successful or not), it was not
possible in this overall analysis to include random
bird effects.

Analysis at the individual level
This analysis was restricted to those individu

als which were identified in more than one year.
Trends within such birds were examined by esti
mating changes from subsamples of individuals
breeding at age x and x + 1 in successive years,
and by fitting quadratic models to breeding suc
cess allowing for the effects of individual birds
and years. The latter approach incorporated a bird
effect as a separate intercept for each individual.
One problem in detecting trends in breeding suc
cess with age at the individual level stems from
the confounding effect of time. For any particular
bird, age and time are linearly related by At =Ao+
(t - to)' where At is age at time t, and Ao is the age
at which the bird joins the marked population at
time to' So, if we allow for individual bird effects,
it is not feasible to fit statistical models which in
clude effects of both age and time.

To supplement the above analysis, a random
isation test for a decline in performance for birds
of age 5 years and older was also applied. The ad
vantage of this approach was that it did not make
any specific assumptions about the form of the
distribution of the number of young raised. The

test-statistic was the pooled slope over age cate
gories, with a P-value obtained from random
shuffling of the observations within birds. A test
for a decline in later life used the estimated slope
for birds aged 5 years and older, allowing for year
effects.

Birds of any age could be divided into those
that bred again in a later year and those that did
not. This enabled us to examine for each age
group whether any relationship occurred between
breeding success in one year and survival (i.e.
persistence as a local breeder) to the next year,
and hence whether poor performing birds were
more or less likely to die than high performing
ones. In addition, birds breeding at age 2 could be
subdivided in four categories, namely those that:
(a) bred only at age 2, but not at an earlier or a la
ter age; (b) bred at ages 2 and later, but not at an
earlier age; (c) bred at ages 1 and 2, but not at a la
ter age, and (d) bred at age 2, and at an earlier and
later age. A similar division could be made for
birds aged 3, but by age 4 almost all birds had
bred previously. To check whether poor-perform
ing birds left the breeding population at an earlier
age than high performers, categories (a) and (c)
were compared with (b) and (d) at the same age.
And to check whether good performers entered
the breeding population at a later age than poor
performers, categories (b) and (c) were compared
with (a) and (d) at the same age. This procedure
was conducted separately for birds aged 2 and 3
years. Certain birds, even though correctly aged,
may have been wrongly categorised, in that some
recorded as first-time breeders may have bred un
detected in a previous year, while others recorded
as last-time breeders may have bred undetected in
a later year. We believe, however, that such birds
would have been too few to have affected the con
clusions. Throughout the paper, regression coeffi
cients are accompanied by a standard error (SE).

RESULTS

Patterns at the population level
Overall, the estimated mean number of young
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Table 1. Components of breeding success of females of different ages.

Age Number of young per Number of young per Percentage of nests
(years) breeding attempt successful breeding attempt successful

n Mean SE n Mean SE n Mean SE

1 79 1.81 0.19 46 3.11 0.14 80 58.8 5.5
2 100 2.54 0.20 69 3.68 0.14 102 69.6 4.6
3 125 2.74 0.18 91 3.77 0.14 130 73.9 3.9
4 61 3.18 0.25 49 3.96 0.18 67 82.1 4.7
5 44 3.30 0.30 35 4.14 0.20 48 81.3 5.7
6 25 3.16 0.39 20 3.95 0.29 27 85.2 7.0
7 20 3.00 0.39 17 3.53 0.29 22 81.8 8.4
8 8 2.75 0.59 7 3.14 0.51 8 87.5 12.5
9 3 1.00 1.00 1 3.00 3 33.3
8-9 11 2.27 0.54 8 3.12 0.44 11 72.7 10.9
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Fig. 1. Number of young raised per year by female Sparrowhawks of different ages. Left. Mean values for all fe
males, including those caught only once. Centre. Mean values for females caught in successive years. Right. Mean
differences between successive age groups.

raised per nest showed a marked increase to age 5
years, followed by a decline, although samples
for older age groups were small and standard er
rors large (Table 1, Fig. 1). This confirmed the
pattern found in previous analyses (Newton 1989;
Newton et at. 1997; Newton & Rothery 1997). The
proportion of successful nests, and the mean num
ber of young in successful nests, showed a similar
pattern with age, but the observed decline in the
proportion of successful nests in later age-groups
was slight (Table 1).

For the mean number of young per nest (in
cluding failed nest), quadratic models with statis
tically significant linear or quadratic effects were
found in 1987, 1988, 1989, 1991 and 1995, with
corresponding estimated peaks in the mean num
ber of young raised per year at ages 5.6 years, 4.7
years, 4.6 years, 4.3 years and 5.0 years. For the
combined analysis, for all years together, the esti
mated coefficients in the fitted quadratic model
were as follows: blinear =0.93 ± 0.19 (t252 =4.90,
P < 0.001); bquadratic =-0.092 ± 0.022 (t252 =-4.18,
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P < 0.001), with a peak in performance at 5.1
years. The estimated variance component for the
bird effect was 26% of the total random variation.
Differences in the relationship between years
were not statistically significant (Wald statistic =
22.3, df = 21, P = 0.38), and the estimated linear
trend in the mean number of young raised per nest
per year over the 22 year study period was 0.010
± 0.017 (t252 =0.56, P =0.58). Allowing for year
effects and random bird effects, the estimated
downward slope for birds of age 5 years and older
was -0.29 ± 0.18 (t53 =-1.61, P =0.11).

For the mean number of young in succesful
nests, quadratic models with statistically signifi
cant linear or quadratic effects were found in
1980, 1986, 1991, 1995 and 1996, with corre
sponding estimated peaks at ages 5.1, 3.5, 3.8, 4.4
and 4.8 years. For the combined analysis, for all
years together, the estimated coefficients in the
fitted quadratic model were as follows: blinear =

0.64 ± 0.15 (t189 = 4.27, P < 0.001); bquadratic =
-0.072 ± 0.017 (t189 = -4.23, P < 0.001), with a
peak at 4.4 years. In contrast to the above analy
sis, which included total nest failures, the esti
mated component of variance for the bird effect
was only 6% of the total when total nest failures
were excluded. In the test for declining breeding
success in birds of age 5 years and older, the esti
mated slope was -0.34 ± 0.14 (t46 = -2.42, P =

0.020). No overall differences in the relationship
between years were detected (Wald statistic =
28.9, df =21, P =0.12). However, there was evi
dence of an increase in the mean number of
young in successful nests over the study period,
with slope 0.026 ± 0.011 (t 189 = 2.36, P = 0.019).

For the proportion of nests that were succes
sful, quadratic models (on a logistic scale) with
statistically significant linear or quadratic effects
were found in 1987 and 1988, with corresponding
peaks at 6.0 and 4.6 years. In the combined data
for all years, and allowing for year effects, the co
efficients in the fitted quadratic model were as fol
lows: blincar = 0.72 ± 0.23 (t463 = 3.20, P < 0.001);
bqlladratic = -0.066 ± 0.027 (t463 = -2.44, P = 0.008),
with a peak at 5.5 years. In the test for reduced
proportion of successful nests in birds age 5 years

and older, after allowing for year effects, the esti
mated slope was -0.24± 0.26 (t87 = -0.94, P =
0.35). No overall differences between years were
detected (Deviance X221:= 16.5, P = 0.74), and the
estimated linear trend in the proportion of suc
cessful nests over the study period was -0.002 ±
0.018 (t484 =-0.11, P =0.35).

Patterns at the individual level
The pattern of change for birds breeding in

consecutive years followed closely the overall
trend (Table 2a & Fig. 1). For birds age 5 years
and older the estimated annual change in mean
number of young raised was -0.48 ± 0.31 (t39 =
-1.53, P =0.15). In the fitted quadratic model, the
estimated coefficients were as follows: b1inear =
1.03 ± 0.20 (t210 = 5.15, P < 0.001); bqlladratic =
-0.098 ± 0.029 (t210 = 3.38, P < 0.001), with a
peak at 5.3 years. The individual bird effects were
statistically significant (F252. 210 = 1.60, P <
0.001). In the test of the decline in breeding suc
cess among birds aged 5 years and older, the esti
mated slope was -0.30 ± 0.18 (t44 = 1.67, P =
0.10). The corresponding randomisation test gave
a slope = -0.30 (P = 0.11). There was strong evi
dence of a decrease over the study period in the
mean number of young raised per year by 1 year
olds, b = -0.091 ± 0.037 (tn = -2.45, P = 0.016),
and a suggestion of an increase in the number rai
sed by 5 year olds , b =0.10 ± 0.049 (t42 =2.04, P
= 0.047). No other age groups showed a statisti
cally significant trend over time.

The pattern of change for birds breeding in
consecutive years again followed the overall
trend (Table 2b). For birds age 5 years and older,
the estimated annual mean change in the number
of young per successful nest was -0.15 ± 0.28 (t28
=-0.53, P > 0.60). For the fitted quadratic model,
the estimated coefficients were as follows: blinear =
0.63 ± 0.14 (t189 =4.39, P < 0.001), with a peak at
4.5 years. The individual bird effects were not sta
tistically significant (Fl9l 141 =0.99, P =0.53). In
the test of the decline aJ~ong birds aged 5 years
and older, the estimated slope was -0.32 ± 0.16
(t32 = -1.83, P = 0.07). In the corresponding ran
domisation test, the slope was -0.29 (P = 0.07).
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Table 2. Components of breeding success of known-age females found nesting in consecutive years. * = p < 0.05.

(a) Mean number of young raised per breeding attempt

Age in
years (x)

n Mean (SE) number of young raised
per breeding attempt by females at age

Mean
difference (SE)

1
2
3
4
5
6
7
8

20
36
50
27
17
13
7
3

x

2.05 (0.35)
2.64 (0.34)
2.84 (0.26)
3.52 (0.34)
3.29 (0.50)
3.15 (0.60)
3.43 (0.43)
3.33 (0.33)

x+1

2.55 (0.38)
3.00 (0.36)
3.16 (0.27)
3.26 (0.38)
3.06 (0.51)
3.00 (0.51)
2.57 (0.59)
1.00 (1.00)

+0.50 (0.47)
+0.36 (0.39)
+0.32 (0.29)
-0.26 (0.46)
-0.24 (0.59)
-0.15 (0.52)
-0.86 (0.67)
-2.33 (1.20)

(b) Mean number of young raised per successful nest
-----_ ...--

Age in
years (x)

n Mean (SE) number of young raised
per successful nest by females at age

Mean
difference (SE)

x x+1

1 11 2.82 (0.26) 3.64 (0.24) 0.82 (0.35)*
2 20 4.10 (0.25) 4.10 (0.34) 0.00 (0.37)
3 34 3.62 (0.24) 4.03 (0.19) 0.41 (0.20)
4 19 4.26 (0.29) 4.16 (0.25) -0.11 (0.43)
5 11 4.18 (0.23) 4.18 (0.35) 0.00 (0.41)
6 9 4.11 (0.48) 4.00 (0.33) -0.11 (0.56)
7 6 3.50 (0.58) 3.00 (0.58) -0.50 (0.67)
8 1 3.00 3.00 (-) 0.00 (-)

(c) Percentage of nests that were successful of females breeding in consecutive years.

Age in n Percentage (SE) of successful nests Difference (SE)
years (x) produced by females at age

x x+1

1 21 66.7 (10.5) 76.2 (9.5) +9.5 (13.6)
2 42 71.4 (7.1) 78.6 (6.4) +7.1 (8.6)
3 57 82.5 (5.1) 82.5 (5.1) 0.0 (6.1)
4 34 91.2 (4.9) 82.4 (6.6) -8.8 (7.8)
5 20 80.0 (9.2) 80.0 (9.2) 0.0 (10.3)
6 15 80.0 (10.7) 86.7 (9.1) +6.7 (11.8)
7 8 87.5 (12.5) 87.5 (12.5) 0.0 (18.9)
8 3 100.0 (-) 33.3 (-) -6.7(-)
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Table 3. Mean number of young raised per year by females of different ages (years), according to whether or not
these females were subsequently found breeding in the study area.

Subsequent breeding

Age No Yes Difference
n Mean (SE) n Mean (SE) Yes-No

1 52 1.77(1.25) 26 1.85(0.30) +0.08
2 51 2.69(0.26) 47 2.49(0.30) -0.20
3 53 2.77(0.29) 66 2.70(0.24) -0.D7
4 25 2.84(0.42) 34 3.41(0.32) +0.57
5 20 2.95(0.48) 23 3.52(0.38) +0.57
6 11 3.45(0.49) 14 2.93(0.60) -0.52
7 10 2.80(0.61) 7 3.42(0.43) +0.62
8 5 2.40(0.92) 3 3.33(0.33) +0.93

Significance of difference between Yes/No categories after allowing for age: F I ,439 = 0.87, P = 0.63 (all ages); F I ,47

= 0.03, P = 0.86 (age 6 years and over).

Table 4. Mean number of young (SE) produced per nest by female Sparrowhawks of a given age, according to
their previous and subsequent breeding history. Categories a-d refer to the same categories as in Methods. n = sam
ple size. Within age groups, none of the differences between categories was significant at the 5% level.

Previous Subsequent breeding
breeding

No Yes

Age 2
No (a) 2.71 (0.29) (b) 2.49 (0.36)

n = 41 n = 37
Yes (c) 2.60 (0.58) (d) 2.50 (0.52)

n = 10 n= 10
Overall 2.69 (0.26) 2.49 (0.30)

n = 51 n=47

Age 3
No (a) 2.34 (0.35) (b) 2.85 (0.28)

n = 38 n = 41
Yes (c) 3.87 (0.46) (d) 2.44 (0.43)

n = 15 n= 25
Overall 2.77 (0.29) 2.70 (0.24)

n = 53 n=66

Overall

2.60 (0.23)
n = 78

2.55 (0.38)
n= 20

2.59 (0.20)
n = 98

2.61 (0.22)
n=79

2.98 (0.34)
n=40

2.73 (0.18)
n = 119

Only the 3 year olds showed a significant increase
over the study period in the mean brood size in
successful nests, b =0.047 ± 0.021 (t89 =2.27, P
=0.026). The estimated slope for 1 year aIds was

-0.042 ± 0.025 (t44 =-1.67, P =0.10). Pooling all
birds older than age 2 ye:ars, the slope was 0.020 ±

0.11 (t333 = 1.85, P =0.065).
It was not possible to fit models with individ-
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ual bird effects to the binary responses. However,
the randomisation test could still be applied to the
data in Table 2c and gave a slope of -0.023 (P =
0.60). Only 5 year olds showed a significant in
crease over the study period in the proportion of
successful nests, b =0.18 ± 0.083, (t48 =2.12, P =
0.039). For 1 year olds, the estimated slope was
-0.087 ± 0.050 (t78 = -1.76, P = 0.082). Pooling all
birds older than age 1 year, the estimated slope
was 0.009 ± 0.019 (t406 = 0.51, P = 0.61).

The mean number of young raised per year by
females of different ages is shown in Table 3, ac
cording to whether or not these females were
found breeding in the study area in a later year.
Overall, no significant difference in performance
was found between these two classes of females.
We thus had no evidence that low-performing fe
males were less or more likely to survive to the
next year than were high performing ones. Simi
larly, the comparison of success among 2-year
old birds in Table 4, according to whether they
bred previously (NoNes) or subsequently
(NoNes), provided no evidence that poor per
forming birds joined or left the breeding popula
tion at an earlier age than good performers. The
same was true for 3-year-olds.

DISCUSSION

At the population level, the mean number of
young produced per breeding attempt increased
markedly up to about age 5 years. This upward
trend was statistically significant in some individ
ual years, as well as in the overall analysis allow
ing for year effects and random bird effects. The
fitted models were consistent with an increase to
an asymptote, or with a subsequent reduction in
the breeding success of older birds. However,
there was a suggestion of a decline in later life. In
general, no differences between years were de
tected, except for an increase with time in the
mean number of young in successful nests, evi
dent especially in 3-year olds, a trend which we
could not explain.

At the individual level, a similar pattern of

breeding success with age was estimated from re
peat observations on the same individuals in suc
cessive years, but the interpretation of trends
with-in birds was complicated by the confound
ing effects of age and time. However, the number
of young in successful nests showed an increase
with time, which would not explain the apparent
decline in later life within birds. A further prob
lem in detecting downward trends in later life
within birds was the substantial reduction in sam
ple size caused by restricting the analysis to birds
which occurred more than once.

In general, the findings were consistent with
those from earlier analyses. This was expected be
cause the present analysis incorporated the same
data used in earlier analyses. In addition, they
showed that trends with age at the population level
were apparent within some individual years, even
though the annual samples comprised only 21-34
individuals. Moreover, the analyses of trends
within individuals involved changes over succes
sive years, and these were shown not to have been
greatly affected by long-term trends. Calendar
year effects seemed to have little influence on the
age-related trends. We have no explanation of why
the performance of one-year-old females should
have declined during the study period, while that
of some older age groups improved.

The main finding to emerge from this analy
sis, however, was that the same pattern of in
creased-decreased performance through life,
which was evident in the pooled data from all age
groups, was also apparent from the performance
of individuals studied in successive years. We ex
plored the possibility that different classes of
birds, with different performance levels, entered
and left the breeding population at different ages,
but found no evidence. If any such effect oc
curred, therefore, its influence must have been
trivial compared to the changes that occurred
within individuals, and which followed the over
all pattern extremely closely (Fig. 1). In fact the
entire overall pattern could have been explained
by age-related changes in performance occurring
within individuals. To our knowledge, this has not
previously been demonstrated in birds.
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The mechanisms behind the individual trends
are much harder to discern, but could include
changes in experience, dominance status and
competitive ability, which in tum influence the
qualities of territory and mate (Martin 1995). An
improvement in performance in the early years of
life has been widely attributed to improved expe
rience and status (Newton 1989). Experience
could affect foraging efficiency, as shown for sev
eral bird species between the first and later years
oflife (Orians 1969; Recher & Recher 1969; Dunn
1972) and for the Herring Gull Larus argentatus
to at least the fourth year (Greig et al. 1983). It
could also affect breeding per se, irrespective of
age, as shown for the Pied Flycatcher Ficedula
hypoleuca (Harvey et al. 1984). In Sparrowhawks,
however, previous experience (or lack of it) see
med unimportant to the breeding success of 2-3
year-old females (Table 4), again confirming an
earlier analysis (Newton 1986).

An alternative possibility was that Sparrow
hawks invested more in reproduction as they
aged, but suffered additional costs, in terms of re
duced survival. However, this did not fit the age
related pattern in survival which, like that for re
production, increased to mid life and then de
clined (Newton et al. 1997). Decline in both re
production and survival in later life, in the face of
greater experience, is best explained by senes
cence, by the processes of ageing which reduce
the efficiency of any measure of performance in
older individuals.

In late life, some Sparrowhawks might be ex
pected to give up breeding altogether, and thus
not appear in the samples trapped. Evidence for
the presence of elderly post-reproductive individ
uals could only come from ring recoveries of
birds found by members of the public. During the
period 1975-96, a total of 11 known previous
breeders were reported (as found dead). Their
ages on recovery ranged between 1.5-8.5 years,
so none was older than the oldest active breeders.
Moreover, the two recovered in the winter of their
9th year had been found at nests in the previous
breeding season. These data therefore provided
no evidence for the existence of elderly post-re-

productive individuals in the breeding season. If
any such birds did in faclt exist, their proportion in
the overall population is likely to have been low,
giving only a slim chance of recording them.

In the two main components of annual pro
ductivity, age related trends were much more
marked in the brood-sizes in successful nests than
in the proportion of nests that were successful.
This was probably because the former depended
largely on the individual female, whereas success
or failure of the whole nest depended on a large
chance element. Such chance factors included de
ath of the male, nest collapse, predation and other
causes independent of female age. In this paper,
analyses were restricted to females because they
proved easier to catch than males and hence pro
vided much larger samples. However, because
breeding was throughout the cycle dependent on
the participation of both sexes, qualities of the
male (including age) could be a likely confound
ing factor in the age-related success of females. In
an earlier analysis, mating emerged as selective
between first year and older Sparrowhawks, in
that yearling-yearling and adult-adult pairings
were much more frequent than expected if mating
occurred at random between these age groups,
while yearling-adult matings were less frequent
(Newton 1986; Newton et al. 1981; Newton &
Wyllie 1996). However, beyond the second year of
life, when the blue-grey adult plumage was ac
quired, no evidence of selective mating was
found: females at any given age (beyond one
year) paired with males of different ages (beyond
one year) in approximately the same ratio as such
males occurred in the population. Where it could
be checked, many females changed their mate be
tween one year and the next. Hence, if male
breeding performance through the lifespan fol
lowed the same pattern as female performance,
the effect of random mating beyond the first year
would have been to reduce the strength of any
trend shown in female performance. In other
words, the pattern described in this paper might
have been more marked if allowance could have
been made for likely confounding effects of male
age.



30 ARDEA 86(1),1998

Another potential bias in the findings could
have resulted from our inability, among unringed
birds, to distinguish the age groups of three years
and older. Unmarked birds of unknown age were
few in number, but if any older than 3 years had
been classed as 3, this would have tended to re
duce the magnitude of the age-related changes
observed. Given the age distribution of the popu
lation, more higher performing 4-5 year-olds than
lower performing older birds would have been
classed as 3-year-olds. In consequence, we feel
that the mean trends detected are genuine, and
could have been explained entirely by age-related
changes in the performance of individuals.
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SAMENVATTING

Bij veel vogelsoorten neemt de gemiddelde legsel
grootte of het aantal uitgevlogen jongen per broedpo
ging toe bij oudere broedvogels. Hoewel de broedresul
taten beter worden met toenemende ervaring van de be
trokken vogels, blijkt bij sommige soorten dat zij op
hoge leeftijd, mogelijk door veroudering, vervolgens
weer afnemen. Beter wordende broedresultaten in de
eerste levensjaren blijkt gemakkelijker aantoonbaar te
zijn dan de latere neergang, onder andere omdat maar
weinig studies lang genoeg worden doorgezet om vol
doende 'oude vogels' van bekende leeftijd op te leve
reno Omdat slechts een gering deel van de vogels een
hoge leeftijd bereikt, zullen langlopende onderzoeks
programma's zich vanaf het begin met voldoende
exemplaren moeten bezighouden om later een repre
sentatieve steekproef van 'oude vogels' te bewerkstelli
gen. In de meeste studies worden bovendien de broe
dresultaten per leeftijdscategorie gegroepeerd. De ge
vonden trend kan dan veroorzaakt worden door (1) de
individuele trends van de verschillende dieren tijdens
hun leven, of (2) door het in de loop der tijd verdwijnen
en verschijnen van individuen in de verschillende leef
tijdscategorien. In een hypothetische populatie waarin
vogels op hun eerste of hun tweede levensjaar met
broeden beginnen, maar waarin de meest succesvolle
broedvogels pas een nest maken als ze twee jaar oud
zijn, zou de verbetering van de broedresultaten in het
tweede jaar geheel veroorzaakt kunnen zijn door het
verschijnen van nieuwe, meer succesvolle exemplaren,
terwijl de resultaten van de eerste groep even slecht
bleven.

Een populatie Sperwers Accipiter nisus werd 22 ja
ren intensief gevolgd en leverde broedresultaten op van
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253 Sperwerwijfjes. Hiervan werden 151 wijfjes in een
jaar aangetroffen, 52 in twee jaten en 50 in drie of meer
jaren. De oudste (2) vogels nestelden nog in hun ge le
vensjaar. Jaarlijks werd niet meer dan een legse1 gepro
duceerd, met daatin ten hoogste zes eieren. Tot het
vijfde jaat nam het aantal uitgevlogen jongen per nest
opvallend toe, waatna een afname volgde. Zowel het
percentage succesvolle nesten als het gemiddelde aan
tal uitgevlogen jongen namen aanvankelijk toe, maar de
afname in het percentage succesvolle nesten op hogere
leeftijd was vervolgens minimaal. Het belangrijkste re-

sultaat van deze studie was, dat de gevonden trend (toe
name-neergang) niet aileen gevonden werd bij de sa
mengestelde gegevens (analyse per leeftijdscategorie),
maar ook bij de verschillende individuen afzonderlijk.
Zelfs bij deze langlopende en omvangrijke studie was
de onvermijdelijk kleine steekproef van oude vogels
een probleem. (CJC)
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