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INTRODUCTION

During the late 1950s the use of persistent organo-chlorine
compounds in agrochemicals spread throughout Britain, with their use
in the form of seed dressings being particularly pronounced.
Following evidence of extensive mortality amongst seed-eating birds
(reviewed by Cramp & Conder (1961) and Cramp et al. (1962), a
voluntary ban on the use of such compounds was introduced in 1961
with further restrictions in 1966. Tn parallel with these
restrictions the Pesticides Safety Precautions Scheme developed as a
method of screening-out adverse environmental effects of new
chemicals proposed for agricultural use. This screening has largely
eliminated mass poisoning of birds, and the occasional exceptions
{(e.g. Stanley & Bunyan 1979) reflect unusual circumstances. Research
into the problem prevailing in the early 1960s showed a second effect
of persistent organochlorines, in the form of eggshell thinning
(Ratcliffe 1970}, brought about as a side effect of the ingestion of
the compounds concérned. Unusually thin eggs suffered very high
mortality, as a result both of physical breakage of the thin shelled
e€ggs during incubation and of chemically-induced physiological
abnormalities (reviews in Ratcliffe 1970, 1980 ang Newton 1974,
1979). Much of the evidence concerning this reduced breeding success
relates to species high in food chains, notably raptors and herons
but O'Connor & Mead (1982, 1984) documented similar population
declines associated with reduced adult survivorship and reduced egqg
success for the case of the Stock Dove Columba oenas in
Britain. As with the raptorial species documented by Ratcliffe
(1980) and Newton (1979, 1986), a recovery in breeding success and in
population levels took place following the introduction of voluntary
bans on the use of persistent organochlorines in agriculture.

The present report examines trends in breeding success for the
period 1950-85 in a cross-section of British passerine birds, to

which any such reduction has subsequently alleviated. The analysis
also permits an examination of the extent to which reductions in
breeding success brought about in some species by changing
agricultural practices in Britain (0'Connor & Shrubb 1986) might be
apparent nationally. The species examined were chosen ahead of
analysis to give a cross-section of granivorous, omnivorous and
insectivorous species birds differing in their dependence on arable
land, with some subsequent adjustments to aveoid technical problems
with certain species. The bresent report is essentially a
preliminary account of the trends found and further work involving
data outside the scope of the present project will be required to
clarify their origins.

MATERIALS AND METHODS

Data were taken from the British Trust for Ornithology's Nest
Record Scheme. Participants in this scheme complete a nest record
card for each nest they find, recording thereon the contents of the
' nest on one or more visits, together with data relating to the
location and habitat of the nest. With a well~timed sequence of
visits to the nest it is possible to establish from such records the
date of laying of the first €gg, the number of eggs eventually laid,
their hatching date and success, and the number of young fledged.
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Where the nest fails, the card may record the cause of failure. Noft
all records provide such detail but it is possible to combine all
cards allowing e.g. clutch size estimates, to assess the distribution
of this variable amongst the population at large and to combine cards
from other sub-sets to provide a population estimate of each other
variable of interest e.g. of date of first egg laying for that same
population. Details of the scheme are provided in Mayer-Gross
(1970). The extent of habitat recording for each nest varies
considerably between observers who are predominantly amateur
ornithologists rather than trained ecologists. A system of coding
devised by the BTO allows maximiim use of what information is
available. The procedure for this consists in its essentials of
review of each card by a technical assistant to classify the card to
one of 99 possible habitat categories and additionally to mark
key~words in the observer's general description of the nest habitat
and site details. These codes, and the key-words thus identified,
are subsequently entered as part of the computer record for that
card, allowing the extraction of the records by habitat or by
kev-word. '

The proportions of successful and failed nests recorded in the
BTO scheme are subject to-bias, in that the fraction of nests
initiated by birds but failing before their discovery by observers is
unknown. The recorded percentage of successes is thus based on a
censored sample. This problem was overcome by use of the method of
Mayfield (1961, 1975). This essentially consists of summing the
number of days for which each nest in the sample was under
observation (with separate recording for egg stages and for chick
stages where mortality may differ between these stages} and assigning
the number of observed failures in the sample to this observation
period, on the assumption that mortality rate is constant throughout
the stage concerned. These assumptions have been checked by a number
of authors e.g. Johnson (1979) and proved to be fairly robust for
small passerines. Appropriate programs to implement these algorithms
have been written at the BTO. '

For the present study nest records for the period 1950-85 were
reviewed. As far as possible all available cards were considered but
in the later stages of the project, time constraints necessitated
basing analyses on samples of the available cards. Such samples were
drawn randomly, except that they were taken as far as possible from
cards with three or more visits; cards with two visits or,
exceptionally, with only one (which can yield useful information if
chick ages are estimated precisely) were included only where
necessary. Such sampling has previously been used extensively in
nest record analyses e.g. by O'Connor & Shrubb (1986a) and the
procedure appears to be robust against potential biases.

Selection of cards took place in one of two ways. For the years
1950-61 and 1982-85 the available cards were inspected manually and
those relating to farmland were extracted for subsegquent coding. The
cards were coded by a single person, to ensure consistency of habitat
coding, and the information input to computer by one of a number of
data inputters. For the years 1962-80, approximately 2,000 nest
record cards from a variety of habitats had already been computerised
for other purposes and were not re-input. These 1962-80 cards
comprised for the main part samples of the available nest record
cards but for some species constituted all available records for the
species concerned. An abstraction program was written to extract
from such multi-habitat files all those cards relating to
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agricultural habitats. Where additional cards not previously input
to the computer were available for these years, they were inspected
manually in line with the procedure adopted for the early or later
years i.e. cards Telating to agricultural habitats were extracted
manually and coded in +he usual way. The two samples were then
combined to make a year-file based on all available nest records
cards for agricultural habitats. Finally, for some species the

the agricultural habitat cards before analysis. For one species
analysed, the Blackcap Sylvia atricapilla, the sample sizes

for farmland cards alone for individual years were too small to
permit analysis. As this species was intended to serve as a control
for the more typically agricultural Whitethroat S. communis

an all-habitats analysis was performed on the total BTO holdings for
this species (but still confined to 1850-85).

Table 1 summarises the species considered for the present
project and indicates the total sample sizes eventually considered.
Two entries appear here for the Woodpigeon Columbus palumba
since the cards for this species were processed in £Wo separate
groups of "early" (first visit before 1 July) and "late" (first visit
on or after 1 July) nests. Murton et al. (1963) have shown
that the breeding season of this species is bimodal, with a peak of
early breeding by birds using spring sowings for food and a larger
peak of late breeding centred on the auvtumn harvests. The latter
birds are more successful and their young grow more rapidly and
fledge sooner than do spring young. The different exposure of the
two groups to organochlorine compounds indicated that separate
analyses would be appropriate here.

The cards thus extracted for analysis were subjected to a series
of standard analytical programs. Ricklefs (1969) considered two
types of nest mortality, that pertaining to total loss of the nest
and that pertaining to partial losses (where some but not all of the
€ggs or chicks in the nest were lost). Total loss is often due to
predation, nest destruction, or loss of the adults. Partial losses
are predominantly due to starvation in the case of chicks and to
infertility in the case of egg losses. For the present study partial
losses of eggs were potentially of interest, since eggshell thinning
could result either in infertility or in eggds being lost to
accidental damage by the parent's movements on the nest during
incubation. Separate programs were therefore run to compute overall

where small c¢lutches or small broods suffer dispr0portionately heavy
mortality, negative values of partial losses (biologically an
impossible result) were estimated. Analysis of partial loss data was
therefore dropped. The results presented here were thus based finally
on overall individual mortalities of eggs and chicks, though the
results from the additional analyses are drawn upon where
particularly revealing. '

Analysis of the full set of data yielded 36 annual estimates of
breeding success for eggs and for chicks respectively for most
species. However, the sample sizes and variance of the individual
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annual estimates varied substantially. The problem faced in
analysis, therefore, was to detect a decrease in breeding success
(or, equivalently, a rise in mortality) of unknown form but whose
timing coincided with the period of intensive use of persistent
organochlorine chemicals in the face of sample~dependent variability.
This problem was resolved by use of a complex non-linear filter to
estimate a smooth fit to the data in an objective manner. The filter
chosen was the 4253H of Tukey (1977), as implemented by Velleman and
Hoaglin (1981). This filter has the merit of removing outliers in
the sequence at an early stage, thus minimising their effect on the
resultant smooth curve. This feature was particularly desirable in
the present work where sample sizes varied considerably from year to
year. These smooth curves were then-replotted over the original data
to allow visual inspection of long-term trends against a background
of original data scatter. For two species, the Great Tit Parus
major and the Rook Corvus frugilequs the data were badly

fragmented by years in which few or no farmland cards were received
at all. For these two species, therefore, adjacent years were
grouped together and analysed on a cruder time step, without
subjection to filter smoothing.

Trends in the mean size of clutch laid by the various species
over the period of study were also examined. A priori, some
reduction in clutch size might be expected in the face of
organochlorine usage, either because the physiological malfunctioning
that led to thin eggshells also interfered with the total volume of
egg material produced over the full clutch of egJgs or because
poisoning of experienced adults allowed less experienced birds (prone
to laying smaller clutches) enter the breeding population at an
earlier age than might otherwise be the case. This latter is
relatively unlikely to ocur with short-lived passerines, where most
individuals breed in their first summer. The clutch size data were
smoothed in the manner described above.

The restrictions on the use of persistent organcochlorines
introduced in 1961 and 1966 coincided with a period of low population
levels amongst resident species, brought about by the severe winters -
of 1961-62 and 1962-63. In these species numbers subsequently
increased steadily for some years as they returned to equilibrium or
quasi-equilibrium levels. Populations at low levels are often
concentrated into the best available habitats and their subsequent
expansion may bring them into successively poorer habitats (Brown
1969, Fretwell & Lucas 1969). Such a process could result in an
apparent decrease in overall breeding success or in clutch size +hat
was quite unassociated with the use of organochlorines. However,
O'Connor & Mead (1982, 1984) showed that when the Stock Dove
population in Britain reached its lowest in 1961 the birds occupied a
wider range of habitats than was usually the case, due to the
deterioration of their preferred and most extensive habitat, arable
farmland. These possibilities were checked here by computing two
indices of nest habitat diversity, based on the distribution of the
proportion p of the population that was in the ith habitat. The
first index of nest habitat diversity (NHD) was

' NHD = 1/5p.*
as recommended by May (1976). The seconé was simply the maximum value
of p; prevailing over all habitats in that year, again as suggested
by May {(1976). The data were again smoothed as above before being
plotted over the raw data. In the event, the original data for both
indices proved well correlated for most species, so that only the
former index is discussed below.



proportions of the pPopulation present in each agricultural habitat
included in the sample was tabulated by year, thus allowing the
‘source of changes in habitat distribution to be identified,

correlation with year, using non-parametric Spearman rank correlation
coefficients to avoid the difficulties otherwise irherent in
non-normally distributed data. The inter-correlations of the
different variables were also computed and are discussed where
appropriate.

RESULTS

|
1. WOonigeon ' !
i

Woodpigeons are ar excellence a granivorous bird on
farmland and might be expected to be particularly vVulnerable to
pesticide poisoning. Analysis of the breeding trends here isg
complicated by two factors, however. First, the biology of the early
April-June nesting attempts, based on exploitation of the spring
sowings, differ significantly from the autumn breeding peak
exploiting the grain harvest (Murton et al. 1963). Secondly,
as a result of the shift by farmers from sSpring-sown to autumn-sown
cereals, the breeding season of woodpigeons in Britain has advanced
significantly, with concomitant changes in average breeding success
and productivity (O'Connor & Shrubb 1986a). '

Figures 1.1 and 1.2 bresent the egg mortality data for early and
late nest respectively. The results are similar for the early part
of the study period, indicating some improvement in egyg success
through the 1950s, perhaps slightly later in the late season nests.
This is followed by a period of worsening egg mortality wuntil the
mid-60s since when €99 success recovered, Stabilising in the case of
the early season nests but more erraticly leading to a steady
increase in success in late season nests. The worsening during the

of winter Cereals, as already mentioned. The patterns of chick
mortality (Figure 1.3, 1.4) again Suggest that the early season nests
were more adversely affected than late season nests but it is

Clutch size data (not bresented) varied little because of the
relative constancy of clutch size (two eggs pPer nest) in this
Species, with only ocasional clutches of one or of three eggs.
However, there is a Slight indication that the early season nestsg
éspecially may have had a greater frequency of one €gg clutches
between 1960 and 1969, again coinciding with the period of
organochlorine use. )

The data on nest habitat diversity show an extremely pronounced
pattern (Figure 1.5, 1. ). Habitat diversity for early season nests
decreased sharply from the mid~-1950s to about 1962, thereafter
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diversity began somewhat earlier but was not as deep; since 1970 late
nests have tended to occur in progressivelyﬂfewer habitats.
Examination of the distribution of individual habitats on

records received for the early to mid-1960s, as compared to periods
before and after. This is consistent with birds there being
poisoned. The position for Woodpigeons in this respect was different
from that found by O'Connor & Mead (1982, 1984) for the Stock Dove.
They found that arable habitats were poorly represented in the nest
record samples during the period of pesticide-induced deciine.
However, overall nest habitat diversity increased at that time
because the smaller population was then Spread over proportionately
more habitats, including a number of new ones not normally used such
as coastal stacks and islands. For the more numerous Woodpigeon,
however, the component of the population breeding on arable lanad
appears to have been largely lost, without a relative increase
elsewhere. Presumably this reflects the greater dependence of the
Woodpigeon on grain supplies, the Stock Dove being able to exploit
weed seeds in other physically suitable habjitats.

2. Skylark

Although widely regarded as a bird characteristic of arable
farming, the Skyvlark in fact uses a wide range of habitats both
during and outside the breeding season. O'Connor & Shrubb (1986a) in
fact showed a close correlation between the national Common Birds
Census index for this species and the Proportion of young leys in
England and Wales. Hence, although Skylarks are potentially

Overall egg mortality has tended to reduce systematically
through the study period (Figure 2.1) whilst chick mortality has
oscillated slightly about a more or less equilibrium leve] (Figure
2.2}). Interestingly, it seems that slightly lower than normal egg and
chick mortalities were experienced in the late 1950s. In recent years
chick mortality may have improved still further, a trend in parallel
with that in clutch size (Figure 2.3). Over the study period as a
whole nest habitat diversity has increased within farmland, except
that in recent years (since about 1976) some decline seems to have
set in (Figure 2.4). , ‘

3. Dunnock

The Dunnock is a ground-feeding, gleaning and insectivorous
bird taking rather few grains. It isg common on agricultural land and
therefore provides an example of a species not liable to poiscning by
seed-dressing usage.

The results for €99 mortality (Figure 3.1) indicate relatively
stable egg success but with two periods of reduced mortality, from
about 1959-65 zng again from about 1875-85. The only correlate of
these two time periods that we know of is the level of total
passerine numbers in the country, reduced in the early period both by
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organochlorine use ang by severe winter weather and in the latter
period by changes in agricultural practice that reduced the numbers

kY

of many resident species in the late 1970g (O'Connor in Press). If

the Dunnock were subject to considerable "diffuse competition"
(MacArthur 1972), its breeding success might well rise at these 3
periods of reduced competitor numbers. Clutch size data (Figure 3.2)

rose throughout the period of improved ©99 success but continued
until about 1969 before a decrease began which lasted until about
1978. Chick mortality (Figure 3.3) may also be consistent with the
clutch size pattern, with steady improvement from about 1959 to 1968,
then remaining relatively stable until the late 1970s when chick
mortality again increased slightly.

bata on nest habitat diversity {Figure 3.2) may be closely
related to these results, although not statistically correlated with
any of the variables concerned. A reduction in diversity of habitats
used is suggested from the late 1950s until 1961 or 1362, around
which time an increasge in diversity began, this lasting until about
1975 or 1976. Thisg pattern would be consistent with interspecific
competition with other passerines, with the bunnock pushed out into
marginal habitats when other species are humercus but being able +o
move into the best available habitats in years of low competitor
numbers . Overall, therefore, these results may indicate that
Dunnocks have been affected by changes in farming practice only
indirectly, through the effects of these changes on other species,

4. Song Thrush

This is a ground-feeding species taking considerable numbers of
invertebrates, e€specially earthworms and snails, year-round, to a
lesser extent also taking berries in winter.

The egg mortality data (Figure 4.1) indicate a general
improvement in the €gg success of this Species over the period,
except that in recent years egg mortality may have risen again.

There may be a slight suggestion in the data of increased mortality
in the late 1950g and early 196(0s. Chick mortality has also improved
fairly Steadily over the period as a whole, without evidence of any
recent increase (Figure 4.2}). Examination of the data on clutch size
(Figure 4.3) suggests that clutch siges in the late 1960s and early

diversity data (Figure 4.4) indicate a general increase in diversity
over the period 1961-80, Possibly with lower values in recent years.

population in the dominant habitat - data not shown) but population
levels are not known for this period which is prior to the inception
cf the Common Biras Census. 0'Connor & Shrubb (1986a) have drawn
attention to regional declines in population size of thisg bird in
recent years, attributed to changing agricultural practices, and the
time pattern of the diversity changes shown here tends to reinforce
this conclusion, as does the data on increased egg mortality.
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5. Mistle Thrush

Mistle Thrushes are primarily invertebrate feeders during the
breeding season and are invertebrate and berry feeders in winter.
Consequently they would be.expected to be little affected by the use
of organochlorine seced dres'sings in the early part of the study
period. They have, however, been shown to have benefitted in recent
years from the advancement of mowing with the switch from haymaking
to forage harvesting, with clutch size and fledging success both
increasing in areas where mowing is most prevalent (O'Connor & Shrubb

Figure 5.1 shows that €9gg success has varied rather little over
the study period, though possibly with a reduction in success in the
very late 1960s. Such a reduction is also apparent in the data on
chick success (Figure 5.,2). Although there is substantial variation
in the individual years' estimates, the trend figures suggest a sharp
increase in mortality in the very early 1950g, continuing slowly to
about 1965, Fledging success appears to have increased through the
latter 1960sg, stabilising (or possibly slightly worsening) until the
very late 1970s, since when success has risen. Data on clutch size
(Figure 5.3) suggest a slight drop in the late 1950s, followed by
Steady improvement through. to the mid-seventies, when a decrease
began which lasted untilﬁabout 1980; since then clutch size has
tended to increase. None, of these changes were statistically
correlated on an annual basis with species diversity but it is worth
noting that the diversity of nesting habitats in use was low in the
late 1950s and early 1960s, with this followed by an increase to more
or less plateau levels from about 1967 to 1980 (Figure 5.4). Habitat
diversity may have decreased slightly during the 1980s. The increase
in habitat diversity through the 1960s has beenrn' considered by
O‘Connor (1986} who noted: that this was correlated with the increase
in population size that developed as the birds recovered from the
effects of the severe 1962~63 winter.

6. Whitethroat

Whitethroats suffered a severe population crash in the late
1960s due to drought in the Sahel zone of South Africa (Winstanley
et al. 1974). Aas a result, no useful estimates of egg
mortality could be obtained for five of the years in the study
period, and the filtering used in data processing here is thus
subject to some perturbation. Nevertheless, the results for egg
mortality (Figure 6.1) show an improvement in the early 1950s,
followed by a worsening until the mid~1960s, then by a reversion to
steady improvement in success. bata on chick mortality suggest that
chick success was slightly better during the 1960s ang again around
1980 than at other times, though the variation is small (Figure 6.2).
It is difficult to account for these patterns, in that the
Whitethroat is an insectivorous migrant which should be largely
immune from the effects of organochlorine chemicals, yet its egg
success fell at this time. The general improvement in egg success in
the 1970s could be attributed to the lower densities then present on
the breeding grounds, leading to reduced intraspecific competition.
If organochlorines were not responsible for the worsening conditions
experienced earlier, possible explanations might be steadily
worsening conditions on the wintering grounds, even before the onset
of full drought, with spring migrants returning to Britain in poor
condition. Clutch size data (Figure 6.3) show a fall in the early
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0.312, P<0.05). The pattern of habitat diversity on farmland
likewise shows a weak increase over the period as a whole, though
with some oscillations (r = 0.260, n.s.). One would normally expect
this type of diversification of nesting habitat to be associated with
‘@ population increase and a worsening of clutch size and nesting
success (Fretwell and Lucas 1969, 0O'Connor 1985) but here this trend
was superimposed on a major population crash and was weakly
associated with improved clutch size.

7. Blackcag

This species is a migrant insectivore that ocecurs pPredominantly
in woodland, unlike the more agricultural and congenic Whitethroat.
As ‘noted above, the bresent analysis is based on records from all
available habitats since the number of farmland Blackcap nest recorg
cards proved small. As an insectivorous species, the Blackcap was

enlarged diversity of habitat is associated with a systematic
decrease in average clutch size (Figure 7.2), a statistically
significant trend (r = —0.435, P<0.01). This would be expected if
increased diversity involved using-successively poorer habitats at
times of population expansion. Clutch size is itself negatively
correlated with habitat diversity across years (r = -0,384, P<0.05).

Figure 7.3 shows that egg mortality also increased sharply in
the early 1960s before stabilising, but hasg decreased again in recent
years. The overall trend is therefore not statistically significant
(r = 0.131, n.s.). The chick mortality data (Figure 7.4) fluctuates
much more, worsening in the mid-1950s, improving through the late
1950s to 1961 or 1962 and worsening again until about 1968. Since
then a steady improvement has bPrevailed until about 1980, since when

1962-63. These changes may be linked to changes in the densities of
resident competing species, for over the CBC period as a whole
(1962-85) a clear negative relationship prevails between the pooled
densities of residents and the pooled densities of migrants, both on
farmland and on woodland plots (0'Connor unpublished). This global
pattern suggests that competition between migrant and resident
species may be quite prevalent even on agricultural land. If this
explanation is correct, the habitat diversification shown by the
Blackcap may well be in response to the increasing abundance of
resident species recovering from the mortality of the 1962-63 winter.
O'Connor (1985) records that several migrant species increased their
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8. Great Tit

The Great Tit is primarily a woodland species, breeding in holes
and feeding its young almost exclusively on caterpillers. At high
population densities, some individuals overflow into farmland, this
principally affecting first-year breeders that are sub-dominant to
adults (Perrins 1979). Although farmland is probably a poorer
habitat for Great Tits than is woodland, both in terms of clutch size
and breeding success (Perrins 1979), clutch size is neverthelessg
Strongly density-dependent on farmland (O'Connor 1980b), indicating
considerable scope for ecological influences. For the present. study,
therefore, the insectivorous Great Tit was considered potentially a
useful control for other species.

In the event, the number of farmland Great Tit nests for some
early years proved extremely small, so that annual trend analyses
proved impossible. The data were therefore lumped by four-year
periods (1950-53, 1954-57, etc.), providing three periods before the
1961 restrictions and six subsequently. These data were not
smoothed, in view of the smaller Sequence available and analyses were
based on these four-year period averages.

and the positioning of these may have determined to a large extent
the habitats in which the nest was recorded. There were in fact no
trends in nest habitat diversity over time (r = 0.167 n.s.j.
Similarly, clutch size may be affected by the choice of nestboxes,
for Karlsson & Nilsson (1977) showed that in a variety of species the
size of clutch laid in nestboxes was greatest in boxes with largest
floor area. Changes in clutch size recorded in the present study
might, therefore, have been affected by changes in the design of
nestbox used over time. Analysis of the data recorded showed that
clutch size was only weakly correlated with time (r = 0.250, n.s.),
and inspection of data plets showed no features worthy of comment.

Figures 8.1 and 8.2 show the data for eqgg and chick mortality
respectively. The former appears to have increased somewhat between
1950 and 1961, with mortality being substantially lower after that
date. The trend for mortality decline over the period as a whole is
almost significant (r = ~0.633, P<0.10). Chick mortality similarly
declined but even more Steeply over the period as a whole (r =
~0.746, P<0.05), though the highest value here occurred in the period
1954-57. “These data suggest that breeding conditions for Great Tits
steadily improved on farmland over the period as a whole.

These patterns are difficult to interpret. Great Tit numbers
fell sharply during the cold winters of 1961-62 and 1962-63,
stabilising subsequently, and this would be expected to lead, if
anything, to a reduction in €99 and chick success, as found for

clutch size by O'Connor (1980b). The opposite pattern found here
suggests, therefore, that Great Tits were instead more influenced by
conditions in farmland. The fact that high mortalities were

prominent in the 1950-61 period is intriguing, given that the bird
feeds little on grain. One possibility is that other organochlorine
compounds, such as DDT sprays, affected the invertebrates taken by
this bird, such that either food shortages or poisoning were present
in the early period, but with the sparse data more detailed analysis
in pursuit of this point is impossible.
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9. Magpie

This widespread species has increased considerably in numbers in
recent years, colonising many new habitats, including suburban ang
urban areas. This is reflected in the pattern for its nest habitat
diversity (Figure 9.1), which increased Steadily from 1950 through to
about 1974, since when some contraction has occurred. Note, though,

Data on egg mortality rates (Figure 9.2) show that conditions
for Magpies improved slowly from the mid-1950s to early 1960s, after
which a short-lived increase in mortality occurred:; the net increase
'in egyg success then resumed (r = 0.400, P<0.01). The chick mortality
data (Figure 9.3) are not dissimilar, with a steady increase in chick
Success since the late 1970s preceded by a 12-14 year period of
improving, then deteriorating, conditions. The clutch size data
(Figure 9.4) also suggest an initial transitory period, with clutch
size dropping, then recovering ,between 1950 and 1965-66, continuing
at this level until the late 1970s when clutch sizes may have dropped
slightly but temporarily around 1979. oOver the period as a whole
clutch sizes show slight (but statistically not significant) drift

nor for the concomitant increase in Magpie densities ip Britain as a
whole. However, it seemns clear that an early decrease in clutch sigze
Was accompanied by improvements in €99 and chick success (correlated
with clutch size at r = ~0.201, n.s., andg r = 0.421, P<0.01
Tespectively) in the early period, since when productivity of
individual nests has increased Steadily from a relatively constant
clutch size. Again, it is worth noting that the improvements in egyg

habitats. On this interpretation it would be possible to regard the
slightly higher egg and chick mortalities apparent in the mid-1950g
as being due to an effect of organochlorine sheep dips, heavily used
in these areas at that time, though subsequently withdrawn from use.

In summary, therefore, trends in Magpie breeding success appear

Rooks consume much grain at certain times of the year,
particularly during the harves r and in some areas are additionally a
problem during the Spring sowings. As a resuit, significant
mortality was recorded during the organochlorine era and in some
areas regional declines were attributed to the use of dressed seed
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(e.g. Lomas 1968). However, the bird takes & very mixed diet, being
dependent on pasture feeding at certain times of vear and in fact is
Most numerous in areas where pastoral and arable farming are closely
in balance (Brenchley 1984).

cards were obtained from colony record sheets, a form useqg by the BTO
to allow easy recording of many nests sharing location ang date of
observation data in common. This feature of the data, however,
generated greater heterogeneity of sampling over Space and time than
i1s the case with individually recorded cards. For this reason,
therefore, their cards were pooled by four year periods and analysed
as grouped data, without being subject to filtering.

systematically from about 1955 through to about 1975, decreasing
slightly since. Examination of the Sample in detail showed that

bpattern of use of arable land is similar to that documented for the
Stock Dove by O'Connor & Mead (1982), ana goes a long way to :
explaining the pattern of diversity with time shown.

Despite this trend there is little evidence of significant links
between breeding parameters and time, plots of all three variables
showing essentially random scatter (data not presented). Calculations
0f the correlation coefficients with time gave values of r = -0.44¢
for clutch size, r = 0.233 for €99 mortality and r = -0.333 for chick
mortality, in all cases not statistically significant.

In summary, therefore, the data Suggest that the relative
distribution of Rooks among the available agricultural habitats may
have altered over time, with arable habitats coming into favour in
recent years. The considerable scatter in the data, probably partly
the result of heterogeneity associated with the use of colony-based
records, preclude direct linking of these changes to an associated

change in nesting mortality,

11. Starling

This species is a ground-feeding invertebrate feeder which is
capable of taking a wide variety of foods, including grains, where
available.

organochlorines. Since then €99 success has improved slowly, except
for some high values in vVery recent years. Chick mortality data
(Figure 11.2) formed a very similar pattern initially but chick
success then improved quite markedly until about 1874 or 1975 since
which time it fel] sharply to 1982 or 1983; the last couple of years
have been vears of low mortality. This timing suggests a similar
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country from about this time (0O'Connor & Shrubb 1986a), a treng which
these authors attributed to the loss of spring tillage with the
greater use of winter-sown cereals. An alternative explanation might
be a reduction in earthworm populations brought about as a side
effect of certain modern chemicals (C. Whittles pers. comm).

Clutch size data Suggest a small increase through the early
1950s was checked by 1960 when a shallow decline began but later gave
way to continued increase. A decrease which set in in the mid-1970s
appears to have reversed by 1983 and might be due to shortage of
spring foods, as suggested above.

Habitat diversity data (Figure 11.3) indicate 4 general increase
in diversity of habitats used between 1950 and 1963, with a
subsequent slow decline until about 1980. The rate of decrease secems
to have intensified about 1975 or 1976, in step with the population
decrease already noted, and may represent a contraction of a reduced
population into preferred habitats., Unusually, however, these
habitats seem to be the cnes that were deteriorating most rapidly, as
judged by breeding success (Figure 11.2). Starling populations do seem
to show this type of lag effect, whereby birds persist in areas that
are not the best currently available (O'Connor & Fuller 1985) .

12. Chaffinch

Neither egg mortality (Figure 12.1) or chick mortality (Figure
12.2) showed evidence of systematic trends in breeding success with
time. There is a suggestion of slight reduction in both egg and chick
success in the late fifties but there is an even more marked
reduction in both in the mid- to late~seventies, so this is unlikely
to be a major effect of organochlorine use. No major changes in
habitat use took place over the period (r = 0.020) ang clutch size
similarly remained constant with the time.

This general absence of trend is consistent with a species that
breeds late and takes only a proportion of agricultural grains in the

species considered here and takes rather a small proportion of grain
in its breeding season diet (Newton 1972).

13. Greenfinch

This is a species that makes use of agricultural grains quite
extensively and recent analyses (O'Connor & Shrubb 1986a) indicate
that its fortunes have been closely linked to changes in agricultural
activity.

Figure 13.1 shows that ©99 mortality in this species had tended
to decrease from 1950 until the late 1960s, rising again between
about 1976 and 1983. Chick mortality (Figure 13.2) has also
undergone major changes, dropping sharply through the 1950s, then
rising slightly to a plateau through the 1960s and improving again to
the mid-seventies; since then chick moertality has tended to increase,
though the data have much scatter. The long term trend towards
improved chick success is therefore not significant (r = 0.238,
n.s.). The chick mortality figures may be associated with changes in
habitat use, for habitat diversity fell during the late sixties and
early seventies, though rising again in the late 1970s. The net
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change in diversity over the period has been negative (r = -0.365,
P<0.05). The annual figures for nest diversity ang chick mortality
are, however, poorly correlateg statistically (r = -0.117, n.s.).

The fact that clutch size also rose slightly in the late sixties and
early seventies similarly Suggeststa link to habitat use, with

resort to artificial foods earlier each winter, a fact that O'Connor
& Shrubb (1986a) relate to reduced Seed supplies with the
disappearance of autumn stubbles. Latterly, however, the advent of
oilseed rape seems to be providing an alternative food Supply,
possibly sustaining a Spread of the birg into a greater diversity of
habitats of boorer quality (0'Connor & Shrubb 1986b).

14. Goldfinch

The Goldfinch is a species Concentrating particularly on the
Seeds of weeds on waste ground rather than in agricultural Crops and
C'Connor & Shrubb (1986a) have attributed itsg relatively staple

(Figure 14.2) indicate a sharp increase in breeding sucess through
the 1950s, since when egg mortality has been relatively stable. The

(Figure 14.3), with habitat diversity increasing sharply between 1950
and 1965, then falling slowly. Clutch size has tended to increage
slightly through the late 1950s and to fall through the 1960g and
early 1970s, rising again latterly, but this variation is only of the
order of 10% or 50. 'The general pattern for Goldflnches, therefore,
has been one of improvement' in the early part of the study period ang
Stability in mid-period, with Some  suggestion of worsening success
latterly. These changes are probably strongly habitat-1linked.

(Figure 15.1), though there ig Some suggestion of increased egg
mortality in the 1980s. The Species does feed its young on Seeds
from an early age (Newton 1972), however, which may account for a
rise in chick mortality through the early 1950s (Figure 15.2); this
fell away through the 1960s, however, ang a subsequent increase in
mortality was to g generally lower Jlevel than prevaileg then. 1Its

period as a whole (Figure 15.3); (r = 0.700, P<0.01). 1t is possible
that this diversification reflects changing land use even before the
advent of systemic herbicides, for chick success wasg significantly
correlated with habitat diversity across years (r = 0.34¢, P<0.05) .
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That is, more chicks were reared in years (mostly recent) when 3
wider range of habitats were inp use than when the pPopulation was More
concentrated into a few agricultural habitats, Detailed examination
shows that whilst typically 30-40 bper cent of records were from grasg
fields in the 1950s, the proportion on arable I'ose sharply in the
1960s before decreasing gradually through the 1970s. This would be
consistent with the conversion of pasture to arable, followeq by the
latter's deterioration asg & breeding habitat as modern herbicides
removed the bird's favoured weeg Species.

Figure 15.4 shows the pattern for clutch size, indicating a
Somewhat cyclic pattern of variation Oover time. Neither Clutch size
nor egqgg mortality are closely correlateqd with nest habitat diversity
(r = 0.174 ang 0.120 ITespectively) but chick mortality is weakly
negatively correlategd with species diversity (r = ~0.346) and more
strongly negatively correlated with clutch sige {r = ~0.542). Thus

1967). Figure 16.1 shows that itg €99 mortality hags consequently
been little affecteqg by events on farmland, with the smooth estimate
of mortality fluctuating only gently, but possibly cyclically, over
the study period. High mortality prevailed in 1959, 1969-70, 1977,
and 1985, with lows about 1965, 1974, ang 1980. However, there is
considerably greater variance between estimates for individual years
and little evidence of Systematic trend.

In contrast, the data for chick mortality (Figure 16.2) suggest
sharp improvement in conditions for young during the early 50s with a
slow gradual continuation of this almost +o date (r = 0.525, P<0.01)
Examination of habitat diversity data {Figure 16.3) showed 3z steady

used by the Bullfinch over the periogdg 1950 to about 1977, since when
Some reduction in diversity is apparent. The trend towards greater
habitat diversity over the period as a whole is statistically
significant (r = 0.318, P<0.05) and is somewhat correlated with an
improvement in clutch success (r = 0.303, P<0.10). However, thege
changes in nest habitat diversity are poorly correlated with egg
mortality (r = =0.086, n.s.).

manner out of phase with egg mortality, reaching lows about 1960 and
again about 1975, These changes were uncorrelated with those in
habitat (r = —0.184) and were also uncorrelated with €99 mortality

(r = -0.046) ang with chick mortality (r = ~0.033). Newton (1964)
has shown that this species is particularly brone to fluctuation as a
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17. Yellowhammer

The Yellowhammer is a prominent granivorous species on farmlang,
though it will resort to scrub and woodland edge for nesting,
particularly in times of high population densities.

The data on egg mortality suggest that this Species was badly
affected by the use of organochlorines in the 1960s (Figure 17.1).
Egg mortality rose steeply through the 1950s and was high in the
early part of the 1960s, dropping more or less in step with the
introduction of the 1966 restrictions. Egg success steadily improved
through the 1970s but now appears to have levelled out at values
comparable to those prevailing in the very early 1950s. Chick
mortality, on the other hand, has tended to decrease steadily over
the period, though there is some suggestion of a slight worsening in
mortality during the early sixties (Figure 17.2), possibly due to
losses of adults to poisoning, with consequent death of the nestlings
through starvation. Chick success has thus experienced a fet but
small imporvement over the study period (r = -0.307, P=0.06}. Clutch
size data (Figure 17.3) have tended to oscillate slightly, with low
values in the the late 1950s and again in the early 1970s. This may
be associated with corresponding changes in habitat diversity (Figure
17.4) though the overall correlation with clutch size is negligible
(r = -0.050). O'Connor (1980a) has previously shown that the
diversification of habitat use by this species has been associated
with population increase during a recovery from the 1962-63 severe
winter, with birds using habitats that are individually poorer with
Tespect to mean clutch size at times of high population density.

Here we found that egg mortality was positively correlated with nest
habitat diversity (r = -0.423, P<0.01), as would be expected if
population overflow was into areas also low in egg success. Habitat
use may therefore be the dominant influence on Yellowhammer success
over the period as a whole, with a temporary effect of persistent
organochlorines in the 1960s. Habitat use and clutch size may be
more closely related. The systematic improvement in conditions for
the rearing of young Yellowhammers is more difficult to account for.

18. Reed Bunting

The Reed Bunting is predominently an insectivorous species,
taking only a small amount of grain during the winter. This is
reflected in the data on €gg success (Figure 18.1)which show a small
increase (based on small samples) during the early 1950s, since when

its egg mortality has been extremely stable, at around 4% per day.
Chick mortality has likewise been rather stable, though perhaps with
a very slight increase in success over time (Figure 18.2). This last
is largely due to a reduction in the loss rate of entire nests (r =
-0.629, P<0.01) rather than to changes in chick starvation. Clutch
size, on the other hand, has decreased slowly over time, with a
recent recovery (Figure 18.3).

These changes have to be viewed against a background of changing
habitat use by the species (Figure 18.4). The diversity of nesting
habitat in use increased more or less steadily between 1950 and 1960,
with a sharp decrease apparent in the 1960s; the increase resumed in
the late sixties to a peak in the mid-seventies, since when habitat
diversity has decreased once more. The early increase in habitat use
by Reed Buntings has already been extensively discussed e.q. by Xent
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(1964) who suggested that the species was expanding into drier
habitats formerly colonisedq by Yellowhammers. The severe winter of
1962~63 probably accounts for the reversal of this niche broadening.
Reed Buntings are partial migrants, so that a proportion of the
population will have escaped the severity of that winter in Britain,
Subsequently returning to reclaim their territories in their
Previously held habitats. As these adults subsequently die, they
leave vacancies in less preferred'habitats, reducing overall nest
habitat diversity. FPirst—time breeders, on the other hand, favour
colonising the vacancies in preferred habitats. Bearing in mind that
many preferred habitats, particularly wetland habitats, are not on
agricultural land and so were excluded from the present sample, one

despite a net population growth which occurred at this time. Ag
these wetland habitats saturated, however, further recruits were
forced into farmland habitats, generating the continued increase in
diversity. O'Connor & Shrubb (1986a) have suggested that conditions
for Reed Buntings on farmland deteriorated significantly in the

in Figure 18.4, although it is not reflected in the national clutch
size and breeding success figures.

Overview
ZvELview

examined, though, the data indicate a small overall improvement in
breeding success by farmland birds. Egg mortality decreased
significantly for four Species, with less substantial evidence for as
many again, and chick mortality decreased significantly for at least

however, must be set the fairly high frequency of down-turn in
fortune over the last ten years, Presumably due to changes in the
management of farm cropping. If these trends continue they will, for
Several species, wipe out the improvements brought about since the
1960s by modern pesticide Screening procedures.

A second point of interest is how few species varied much in
clutch size over time. Although the point requires more
investigation, this result might indicate that clutch sizes, at least
when measured nationally, are too robust to reflect environmental
changes. This is a methodological issue, for a variety of previous
studies have detected clutch size variations e.g. between habitats.
In this respect a third point emerging from the present study - at
least eight of the study species showing major changes in the pattern
of their habitat use on farmland - may be relevant. The finding that

intraspecific population pressure but in others, apparently in
Tesponse to a reduction in the abundance of competing species is
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Table 1 Species and total numbers of farmland nest record cards

analysed for the period 1950-85.

Species Number of cards
Woodpigeon Columbus palumba 1351%
Skylark Alauda arvensis 1407
Dunnock Prunella modularis 1374
Song Thrush Turdus philomelos 3240
Mistle Thrush T. viscivorus 921
Whitethroat Sylvia communis . 1282
Blackcap §. atricapilla 2300+
Great Tit Parus major 583
Magpie Pica pica 1513
Rook Corvus frugilegus 1711
Starling Sturnus vulgaris ' 2509
Chaffinch Fringilla coelebs 2400
Greenfinch Carduelis chloris " 1076
Goldfinch C. carduelis 517
Linnet C. cannabina ; 1173
Bﬁllfinch Pyrrhula pyrrhula ‘ 1021
Yellowhammer Emberiza citrinella 2485
Reed Bunting E. schoeniclus 669

* Of these, 782 were early season (January-June) nests

+ All habitats (see text )}
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