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The issue of predator limitation of vertebrate prey populations is contentious, particularly when it involves species
of economic or conservation value. In this paper, we examine the case of raptor predation on upland passerines and
waders in Scotland. We analysed the abundance of five wader and passerine species on an upland sporting estate
in southern Scotland during an eight-year period when hen harrier, peregrine and merlin numbers increased due to strict
law enforcement. The abundance of meadow pipit and skylark declined significantly during this time. Golden plover
also showed a declining trend, whereas curlew increased significantly and there was a near significant increase in lapwings.
Contrasting the local population trends of these species with trends on nearby areas revealed higher rates of decline
for meadow pipit and skylark at the site where raptors increased, but no differences in trends for any of the three wader
species. There was a negative relationship between the number of breeding harriers and meadow pipit abundance
the same year and between total annual raptor numbers and meadow pipit abundance. Predation rates of meadow
pipit and skylark determined from observations at harrier nests suggested that predation in June was sufficient to
remove up to 40% of the June meadow pipit population and up to 34% of the June skylark population. This
‘quasi-natural’ experiment suggests that harrier predation limited the abundance of their main prey, meadow pipit,
and possibly the abundance of skylark. Thus, high densities of harriers may in theory reduce the abundance of the
prey species which determine their breeding densities, potentially leading to lower harrier breeding densities in
subsequent years. We found no evidence to suggest that raptor predation limited the populations of any of the three
wader species. We infer that concerns over the impact of natural densities of hen harriers on vulnerable upland waders are
unjustified.

Predators limit their prey, when they hold prey numbers
below the level that would occur in the absence of that
predator (Sinclair 1989, Krebs 2002). What impact
predators have on their prey is a question of fundamental
importance in ecology (Crawley 1992), but one for which
there is still a great deal of uncertainty (Côté and Sutherland
1997, Newton 1998). These questions are of importance
from both a theoretical and an applied perspective,
particularly when the prey species in question are of
economic or conservation value (Sinclair et al. 1998,
Schneider 2001, Ormerod 2002). This is particularly true
for large vertebrate predators and their vertebrate prey,
where questions of this sort require intensive fieldwork over
a number of years.

The impact of raptors on the abundance of their prey
has received considerable attention across Europe in recent
years (Thompson et al. 1998, Redpath and Thirgood
1999, Thirgood et al. 2000a, 2000b, Tornberg et al.
2005, Valkama et al. 2005, Bro et al. 2006). Much of
this has focused on the impact of raptors on game-
birds, due to the economic importance of gamebirds as

quarry species. However, there is also widespread concern
about the potential impact of raptor predation on a broad
range of passerine and wader species. This is partly because
the size and range of many raptor populations have
increased in Europe following recovery from the wide-
spread use of organochloride pesticides and a decrease in
human persecution (Elliott and Avery 1991, Newton and
Wyllie 1992, Crick and Ratcliffe 1995, Newton
et al. 1999, Clements 2002). It is also partly because
the increase in raptors has coincided with widespread
declines in the range and abundance of many species of
passerines and waders across Europe (Tucker and Heath
1994, BirdLife International 2004). This association of
increasing raptors and decreasing avian prey has led to
speculation that raptor predation may contribute to these
declines.

Previous research within the UK on the relationship
between raptors and their avian prey has focused on
the effect of recovering sparrowhawk Accipiter nisus popula-
tions on populations of passerines. Changes in large-scale
patterns of bird distributions suggest that predation by
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sparrowhawks and magpies Pica pica is unlikely to be
the cause of observed declines in passerines (Thompson
et al. 1998). Declines in passerine populations have
principally been linked to the intensification of agriculture
(Chamberlain et al. 2000, Newton 2004). Additionally,
smaller-scale research on populations of woodland passer-
ines, indicate that breeding densities of these species are
unrelated to the presence or absence of sparrowhawks
(Newton and Perrins 1997, Newton et al. 1997).

Concerns over the impact of raptor predation are not
only focused on birds in lowland agricultural ecosystems in
Europe. The UK’s uplands also support many important
populations of bird species, some of which are of particular
conservation concern under Annex 1 of the EC Birds
Directive 70/409/EEC (Thompson et al. 1995). Whilst
there has been considerable focus on the impact of hen
harriers Circus cyaneus on populations of red grouse Lagopus
lagopus scoticus (Redpath and Thirgood 1997, 1999,
Thirgood et al. 2000a, 2000b), there has been little research
on the impact of raptors on other bird species in this
environment. This owes much to the difficulty of exploring
such relationships in the field. Although most of these
upland breeding species do not form a large proportion of
the diet of upland raptor species, recent work has demon-
strated that predators can affect prey populations even when
prey species only form a small proportion of overall
predator diet (Jackson and Green 2000, Petty et al. 2003).

The greatest insights into the role of predation in
prey population dynamics come from replicated predator
removal experiments (Newton 1998). However, these
types of experiments are logistically difficult to conduct
at appropriately large spatial scales, particularly when the
predators involved are legally protected. In this paper we
take advantage of a ‘quasi-natural’ experiment conducted
on upland moorland and grassland at Langholm in SW
Scotland (Thirgood et al. 2000b), and examine whether
an increase in the breeding density of raptors, in
particular the hen harrier, had a measurable impact on
the abundance of upland passerines and waders. Speci-
fically, we examine data on the abundance of two species
of passerines and three species of waders during 1992�
1999, when the numbers of breeding raptors on the site
increased as a direct result of strict protection from
illegal control from 1992 onwards. First, we assess trends
in the local abundance of these passerine and wader
species and compared these to concurrent national trends
using Breeding Bird Survey (BBS) data from moorland
sites within the same geographic area. These areas did
not experience large increases in harrier numbers during
this time (Sim et al. 2001). Second, we examine whether
the abundance of each prey species at Langholm is
correlated with the number of breeding hen harriers or
total raptors either in the current or previous year.
Finally, for the two passerine species, we use estimates of
their density together with data on provisioning rates at
harrier nests to calculate the proportion of the passerine
populations that were consumed by harriers in each year
to estimate whether these predation rates may have been
sufficient to explain the observed declines in passerine
density.

Methods

Study area

The study took place during 1992�1999 on 76 km2 of
heather moorland and upland grassland at Langholm in
south-west Scotland (55810?N and 2855?S). This private
estate was actively managed for grouse shooting and sheep
farming during the period of the study. Management
included the burning of heather Calluna vulgaris to create
a mosaic of different aged stands, and the legal control of
predators such as fox Vulpes vulpes, stoat Mustela erminea,
weasel M. nivalis and crow Corvus corone. Raptors were
strictly protected during the course of the study. Grouse
densities declined during the 1990s (Thirgood et al. 2000a)
and by 2000 were too low for commercial shooting. At this
point, the landowner considered grouse shooting to be
economically unviable and active management ceased. Bird
populations continued to be monitored at Langholm after
1999 but these data are not included here because we aimed
to examine changes in bird abundance solely in relation to
changes in raptor numbers without the potential confound-
ing effect of change in management. In addition, change in
observer after 1999 may also confound analyses.

Passerine and wader surveys at Langholm

We estimated passerine and wader numbers at Langholm
using line transect sampling (Bibby et al. 1992). We divided
the study area into the five traditional divisions (beats) used
for grouse management. Within each beat, we counted
passerines and waders within three randomly located 1-km
squares giving a total of 15 1-km squares (Redpath and
Thirgood 1997, Fig. 2.10). All counts were conducted by
SJT in good visibility, light wind and no precipitation
between 06:00 h and 09:00 h during June of each year from
1992�1999. Counts were conducted at dawn because
abundance estimates are known to be influenced by diurnal
variation in detection rates (Thirgood et al. 1995). We
recorded the number of individuals of each species seen
within 200 m of two parallel transects located some 500 m
apart within each square. A single count was made in each
year in each square. The habitat within these squares was
open heather and grass moorland, which did not change
between years, there was therefore, unlikely to be any
confounding effects of changes in detectability both across
year or between transects. Our analyses used the total
number of individuals of each species counted in each
square to make the methods comparable to those of the
British Trust for Ornithology Breeding Bird Survey (cf.
Redpath and Thirgood 1997, 1999 who used birds km�1).

We recorded 27 species of birds on transect counts
during the eight years of the study. Here we restrict our
analysis to the five most commonly encountered species,
excluding hen harrier and red grouse which have been
reported in detail elsewhere (Redpath and Thirgood 1999,
Thirgood et al. 2000a). The species include two passerines
(meadow pipit Anthus pratensis and skylark Alauda arvensis)
and three waders (curlew Numenius arquata, lapwing
Vanellus vanellus and golden plover Pluvialis apricaria)
and all have been recorded in the diet of hen harriers,
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peregrines Falco peregrinus and merlins Falco columbarius in
the UK (Table 1). Because our surveys took place in June,
both meadow pipit and skylark counts included a combina-
tion of adults and fledged juveniles. Counts are of adults
only for the three wader species.

Raptor surveys at Langholm

We recorded the number of harriers and peregrines
attempting to breed at Langholm by watching from vantage
points for displaying harriers and visiting potential pere-
grine nests for signs of occupancy (Redpath and Thirgood
1999). Historical data from the local Raptor Study Group
dating back to 1980 suggests that harriers first attempted to
breed at Langholm in 1986 and that subsequently there
were 1�5 breeding attempts per year of which 0�2 were
successful. Historical data on peregrine breeding attempts
were less rigorously collected but it is believed that 2�3 pairs
attempted to breed each year of which 1�2 were usually
successful (Thirgood et al. 2000b). Comprehensive data on
merlins were not obtained in 1992, thus total annual raptor
numbers was only calculated between 1993�1999. For
harriers and peregrines we had data from 1992�1999.

Breeding Bird Survey data

The British Trust for Ornithology’s Breeding Bird Survey
(BBS) is the national monitoring scheme in the UK for
common widespread breeding birds (Bhttp://www.
bto.org/bbs/�). The survey uses 1-km2 squares randomly
distributed throughout the UK and began in 1994. Counts
of birds are made within each square along two parallel
transects spaced 500 m apart. In practice, BBS transects
often run along existing access routes and are therefore not
always parallel. BBS counts are conducted between 06:00 h
and 09:00 h under the same conditions as the counts at
Langholm. Squares are surveyed twice, once in early April�
mid May and once in mid May�late June, and the highest
count from either of these visits is used in our analysis.

To provide comparative data with which to compare
bird population changes at Langholm, we first selected BBS
squares that had been surveyed in any year between 1994�
1999 from the four neighbouring regions (Dumfries and
Galloway, Scottish Borders, Cumbria and Northumber-
land). From these squares we then selected those which
contained heather moorland, defined as dwarf shrub heath
and open dwarf shrub heath in the classification of the Land

Cover Map 2000 (Bhttp://www.ceh.ac.uk/sections/seo/
lcm2000_home.html�). For each species, we used data
from squares that contained the species in at least one year.
For meadow pipits, we restricted the analyses to squares
with at least two years data, because the high number of
squares containing meadow pipits that were surveyed in
only one year led to problems of model non-convergence.

Prey density and predation rate

For meadow pipits and skylarks, we estimated the total
number of individuals available as prey to harriers at
Langholm in June, and the total numbers eaten by harriers
each year at Langholm during the harrier nestling period,
and calculated the proportion consumed by harriers. To do
this, we estimated the density of each species available at
Langholm, by applying a calibration to our counts in each
year. Our calibration came from data on the abundance of
meadow pipits and skylarks which were recorded from 76,
2-km2 plots located in south Scotland and northern
England in 1999 and 2000 (Pearce-Higgins and Grant
2006). As for the Langholm surveys, birds were counted on
two 1-km line-transects within each plot early in the
morning in June. In addition, distance sampling was then
used to produce density estimates for each plot (Pearce-
Higgins and Grant 2006). We therefore obtained our
calibration by regressing the numbers counted per km
against estimated June density in these 76 plots. This
calibration was used to convert the counts at Langholm to
densities, which were then multiplied by the approximate
area of Langholm moor (76 km2) to estimate the total
numbers of each species available for harriers in June in
each year.

The rate at which prey were delivered to harrier nests at
Langholm during the nestling period was recorded from
hides placed at 35 harrier nests. Data were collected over six
years (1993�1999 excluding 1997) and each nest was
watched for between 30 and 155 h over a 2�6-week period
(Redpath and Thirgood 1997, Redpath et al. 2001). Nest
watches were conducted throughout the day and through-
out the nestling period, with the majority of watches (67%)
carried out in June. The duration of each watch and the
number of individuals of each species delivered to the nest
by hen harriers was recorded. We then calculated the
average hourly rate at which each prey species was brought
to nests in each year. In 1992 and 1997 we used the average
rates from the other years.

Table 1. Numbers of squares containing each of the five species in at least one year. Diet for hen harrier is from identified species recorded at
hides, calculated from Appendix 2 in Redpath and Thirgood (1997). Diet for peregrine is from remains collected at 13 eyries in southwest
Scotland from Table 5.8 in Redpath and Thirgood 1997. Data on merlin diet are from prey remains found at or around nest as report these by
aNewton et al. (1984) and bBibby (1987). *These were exclusively juveniles.

Species No. squares recording species Numerical importance in diet

Langholm
(1992�1999)

BBS
(1994�1999)

Hen harrier Peregrine Merlin

Curlew Numenius arquata 15 56 1% 2% abB1%*
Lapwing Vanellus vanellus 5 35 B1% 2% abB1%
Golden plover Pluvialis apricaria 9 7 B1% 2% aB1%, b0
Meadow pipit Anthus pratensis 15 59 62% 6% a56%, b61%,
Skylark Alauda arvensis 15 64 6% 4% a12%, b3%
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Statistical analysis

All analyses were conducted in SAS ver. 9.1 using the
glimmix procedure to implement generalised linear mixed
models (GLMM) (Littell et al. 1996). Bird abundance
counts were analysed using a GLMM, with a Poisson
specified error structure and a log link function. We
accounted for over-dispersion in all models and denomi-
nator degrees of freedom were estimated using Sat-
terthwaite’s formula (Littell et al. 1996). Analyses
examining bird abundance trends over time had survey
square as a random term in the model to account for
the lack of independence of these sites between years.
This random term also enabled the analysis to better
estimate trends by accounting for the fact that not all
BBS squares were surveyed in each year, and that some
squares at Langholm were also missed in certain years (three
squares in 1993, one square in 1997). We first looked for
significant changes in the counts of each species at
Langholm between 1992�1999, fitting year as a continuous
variable. Next, we examined this same trend between 1994�
1999 at Langholm and then from the BBS square data.
Finally, using the combined data set containing data from
Langholm squares and BBS squares between 1994�1999,
we tested whether there was a significant interaction in the
population trends of each species between counts in
Langholm and those from the wider BBS sites. For
graphical representation of the yearly mean counts with
standard errors, we re-ran models with year as a categorical
variable.

We examined whether the abundance of each species in a
year was related to the abundance of breeding harriers and
total annual raptor numbers. Since there may be a carry
over effect of high predation rates from the previous year,
we compared prey abundance to harrier and raptor
numbers both in that year and in the year previously.
Data were analysed using linear regression with the average
yearly abundance of each prey species as the response
variable and the numbers of harriers or raptors as the
explanatory variable.

Results

Breeding raptors at Langholm

Hen harriers increased from two breeding females at
Langholm in 1992 to a maximum of 20 breeding females

in 1997. Peregrines at Langholm increased over the same
period from three breeding pairs to six breeding pairs.
Merlin numbers increased from three known occupied
territories 1992 (South West Raptor Study Group pers.
comm.) to a maximum of ten occupied territories in 1997
(Fig. 1).

Passerine and wader abundance

The five species of upland birds demonstrated very different
trends in abundance at Langholm during the period 1992�
1999. Curlew numbers increased significantly, lapwing
numbers showed a near significant increase, whilst golden
plover numbers showed a non-significant decline (Table 2,
Fig. 2). In contrast, the abundance of both meadow pipits
and skylarks showed significant declines during 1992�1999
(Table 2). Both species also declined slightly within the
shorter period for which both BBS and Langholm counts
were available (1994�1999). The BBS data showed sig-
nificant declines for meadow pipits and also for golden
plovers (Table 2, Fig. 2). There was a significant interaction
between the population trends and survey site location, for
both meadow pipits and skylarks; with greater declines for
these two species occurring at Langholm than at BBS sites.
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Figure 1. Changes in raptor numbers over time at Langholm
estate. Hen harrier data (solid thin line) are the number of
breeding females from 1991�1999. Peregrine data (dashed line)
are the number of breeding pairs from 1991�1999. Merlin data
(dotted line) are the number of breeding pairs from 1993�1999.
Total raptors (solid thick line) are the sum of these three species
from 1993�1999.

Table 2. Trends in number of birds counted in squares within Langholm between 1992�1999, and trends from both Langholm and nearby
BBS squares between 1994�1999. Significance values are shown as *�pB0.05 **�pB0.01 and are the results from a generalised linear
mixed model with year fitted as a continuous explanatory variable and square set as random variable. Trends shown are the percentage
change calculated from the model output.

Species Population change %

Langholm 1992�1999 Langholm 1994�1999 BBS data 1994�1999 Interaction

Curlew �106%** �26 �10 F1,267�2.14, p�0.14
Lapwing �66P�0.06 �26 �9 F1,141�0.17, p�0.67
Golden plover �39 �47 �89* F1,70�3.28, p�0.07
Meadow pipit �61** �58** �17** F1,274�34.61, pB0.0001
Skylark �51** �32** �9 F1,273�3.95, p�0.04
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However, there was also a marginally non-significant
interaction between trend and survey site location for
golden plover, indicating that for this species, declines
may have been less severe at Langholm than at BBS sites
(Table 2, Fig. 2). These data therefore suggest that, overall,
meadow pipit and skylark populations at Langholm
declined at a greater rate than elsewhere, whilst wader
population changes at Langholm were not different to those
in nearby upland areas where raptor numbers did not show
a large increase.

Correlation between raptors and upland birds

Correlations between the abundance of raptors and upland
birds highlighted significant negative relationships between
meadow pipits and hen harriers and total raptors in both
the current and previous years (Table 3, Fig. 3). Skylark
abundance was negatively correlated with raptor abundance
in the current year only. There were no negative correlations
between the abundance of any wader species and measures
of either hen harrier or total raptor abundance; the two
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Figure 2. Average number of individuals of each species counted per square (91 SE during 1992�1999 at squares in Langholm (solid
circles and solid connector) or in the nearby bbs squares (open circles and dashed connector). Data are the least square means produced
from the GLMM, with year fitted as a categorical variable.
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positive relationships between both curlew and lapwing,
and hen harrier abundance, are unlikely to be causal. When
applying the Bonferonni correction, the only relationship
that remained significant was between meadow pipit
abundance and previous years’ hen harriers (Table 3).

Estimating proportion of passerine prey taken by
harriers

The numbers of meadow pipits counted per km at
Langholm varied between years from 8.7�23.7. Applying
the calibration (Fig. 4) to those estimates translates into
June density estimates varying between years from 84�209
individuals per km2. These figures suggest that total
numbers of meadow pipits at Langholm in June of each
year varied between 6384�15884 (Fig. 5a). The equivalent
figures for skylarks were estimated at 3.6�12.43 per km,
giving an estimated 18�69 skylarks per km2 and suggesting
that the total number skylarks at Langholm in June varied
from 1368�5244 (Fig. 5b). Hourly predation rates of
meadow pipits and skylarks varied three-fold between years,
ranging from 0.23�0.63 per hour and 0.02�0.07 per hour
for meadow pipits and skylarks, respectively. We estimated
the total number taken per year in June by applying a
similar equation to that used by Redpath and Thirgood
(1999) to calculate the overall predation level on red grouse.
However we used 30 days of predation to specifically look
at predation in June, rather than 60 days used by Redpath
and Thirgood (1999) to incorporate the harrier post
fledging dependency period. Thus, our equation was:

hourly delivery rate of prey to nest�15 hours per day�
30 days in June�total number of successful harrier
nests.

We then used this equation and the total numbers of each
species at Langholm to calculate the percentage killed by
harriers in each year (Fig. 5a�b). We estimated that in each
year between 1993�1999, when harriers bred successfully at
Langholm, they killed between 7�40% of the meadow
pipits available in June. In both 1997 and 1998, when
harriers were very abundant, we estimated that they
consumed almost half of the meadow pipit population
available in June. A similar calculation suggests that harriers
killed between 2�34% of the June population of skylarks.

Discussion

The quasi-experimental manipulation of raptor densities
described in this paper provides some of the best available
data with which to examine the impact of raptor predation
on upland populations of passerines and waders. As with
other large-scale field manipulations (Hudson et al. 1998,
Thirgood et al. 2000b, Laurenson et al. 2003), it can be
criticized for lack of replication. However, as pointed out by
May (1999), these type of population-scale questions ‘‘must
be addressed at the right scale � which often means an

Table 3. Relationship between the average yearly counts of each prey species and the number of breeding female hen harriers or the total
annual raptor numbers (breeding female hen harriers, peregrines and merlins) either in that year or in the previous year. Results show the
direction and significance value of a linear regression. (Bonferonni corrected threshold for significance: pB0.0025). ns�non-significant
results.

Species Current year hen harriers Current year total raptors Previous year hen harriers Previous year total raptors

Years of data 8 7 8 6
Curlew ns ns �0.05 ns
Lapwing �0.03 ns ns ns
Golden plover ns ns ns ns
Meadow pipit �0.03 �0.04 �B0.001 �0.008
Skylark ns �0.02 ns ns
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Figure 3. Relationships between female harrier numbers in either
the current year (solid symbols and solid line) or previous year
(open symbols and dashed line) and the abundance of meadow
pipit. Relationships shown are those significant from a linear
regression (Table 3).
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uncomfortably large scale � even if that means accepting a
certain degree of imprecision’’.

Our results support the hypothesis that raptors, and hen
harriers in particular, limited the size of the meadow pipit
and possibly skylark populations in June, but had little
impact on the three wader species. The strongest evidence
for an effect of hen harrier predation was for meadow pipits.
Meadow pipit numbers declined at Langholm by 61%
during the eight years of the study, and between 1994�
1999, their decline was significantly greater in survey
squares at Langholm (�58%) than on moorland BBS
squares in neighbouring regions (�17%), where there was
not the same increase in raptors (Sim et al. 2001).
Furthermore, we also found that meadow pipit numbers

were significantly negatively correlated with hen harrier
numbers and total annual raptor numbers both in the
present year and in the previous year. Analysis of predation
rates of meadow pipits at Langholm in June suggested that
predation levels in the years with successful harriers
accounted on average for 23% of the meadow pipits present
in June, with over 40% taken in the two years when harriers
were particularly abundant. Although this study could not
assess whether this mortality was additive or compensatory
in nature, it is noteworthy that 42% of the 1019 meadow
pipits delivered to harrier nests that could be aged were
adults. Whilst the relationships presented in this paper
are based only on correlation, the high percentage of the
meadow pipit population consumed annually by harriers
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Figure 5. Total estimated abundance (solid cirles and line), estimated numbers predated by harriers in June (open circles, dashed line)
and percentage predation by harriers (bars) of a) meadow pipits and b) skylarks in each year at Langholm. Total abundance estimates are
the numbers on the 76 km of Langholm moor. Numbers estimated to be predated were calculated in each year using the following
equation: total numbers predated�hourly delivery rate of prey to nest�15 hours per day�30 days in June�total number of successful
harrier nests.
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suggests that the negative correlation between harrier and
meadow pipit numbers and the long-term decline in
meadow pipits found in this study could indeed have
been causal.

The levels of predation detected for meadow pipits were
similar to those estimated for harrier predation on red
grouse chicks, with around 30% of chicks being taken at the
average density of harriers at Langholm (0.2 per km2) and
when grouse were at medium densities (Redpath and
Thirgood 1999). McCleery and Perrins (1991) found that
in 1976�1978, 6�8 pairs of sparrowhawks in a wood in
southern England removed 18�34% of the available great
tit fledglings and between 18�27% of blue tit fledglings.
This study concluded that sparrowhawk predation was
compensatory in nature and had little effect on the
population size of these species in the subsequent years.

Whilst we could not determine the exact mechanism
underlying the meadow pipit decline, likely hypotheses
include direct lowering of the population through predation
in the current year; a reduction in the number of birds able
to recruit into the population in the subsequent year, or a
combination of both. It is clear from Fig. 5 that the
numbers of pipits predated were greatest in the years with
the lowest pipit population, suggesting that at least some of
the decline may be due to immediate reductions in the
numbers of meadow pipits as a result of direct mortality.
However, given that 42% of the birds taken were adult, and
therefore unable to subsequently reproduce, and that the
strongest correlation between meadow pipit abundance was
with hen harrier abundance in the previous year (Table 3),
it is likely that such predation is not simply compensatory.
Thus, if true, the mechanism for limitation appears similar
to that found in this same system for hen harrier predation
on red grouse, namely a lowering in the abundance in the
current year, and a reduction in the numbers available to
breed in the subsequent year.

There was also evidence to suggest that harrier predation
at Langholm may have limited the abundance of skylarks,
but this evidence was weaker than for meadow pipits. The
skylark trend indicated a decline of 51% between 1992 and
1999 at Langholm, however much of their decline was
attributable to the 2�3-fold peak in abundance observed
in 1993. However, between 1994 and 1999, their decline
was significantly greater in survey squares at Langholm
(�32%) than on moorland BBS squares in neighbouring
regions (�9%). Skylark abundance at Langholm also
showed a negative correlation with the total raptor numbers
in the current year. Although predation levels on skylarks in
June were relatively high in some years, with rates of over
25% in the two years with maximum harrier densities, in
the other years harrier predation rates did not exceed 15%.

More recent data from Langholm offers support for the
hypothesis that the negative relationship between the
number of breeding harriers and the abundance of meadow
pipits may be causal. Hen harrier numbers at Langholm
declined after reaching their peak in 1997 and by 2004 only
two breeding females remained. The reasons for this decline
are not clear but could include an increase in nest predation
by mammalian predators following the cessation of predator
control, a resumption in the illegal control of harriers at
Langholm or on adjacent ground, or an interaction between
these two factors (Ratcliffe 2006). Line transect counts

conducted during 2000�2004 demonstrate that meadow
pipits increased to numbers similar to those found in the
early years of this study when harrier numbers were low
(Baines 2005). An important caveat to these findings is that
whilst the post-2000 line transect data have been collected
from the same sites using identical methods to the pre-2000
data, there have been several changes in observer since 2000,
although research indicates that observer differences are
relatively small for this species (Buchanan et al. 2006).
Moreover, whilst the evidence suggests that meadow pipits
and skylark populations may have been limited by raptor
predation, their numbers did not fall to particularly low
levels and were on average similar to those found on many
other upland areas in southern Scotland (Buchanan et al.
2006).

In this paper, we have necessarily focused more on the
effects of hen harriers than other raptors as we have the best
nest provisioning data for this species. However, merlins
would also have consumed a significant percentage of the
meadow pipit population given what we know about their
diet (Table 1). Dickson (1995) estimated merlin provision-
ing rates during the brooding and nestling period to be 0.35
items per hour. Using this rate and assuming that 58.5%
(averaged from Newton et al. 1984 and Bibby 1987) of
these items were meadow pipits, merlins may take around
91 meadow pipits per breeding pair in June. Thus, in 1997
when there were ten breeding pairs of merlins, we would
estimate they removed an additional 908 meadow pipits or
around 18% of those available.

In contrast to the two passerine species, we found no
apparent effect of raptor predation on any of the wader
species at Langholm. Indeed populations of lapwing and
curlew increased during the study. We did not have accurate
density estimates for the three wader species at Langholm
and therefore could not calculate the corresponding level of
predation that raptors may have inflicted on these species.
However, we can get an estimate of the numbers of waders
likely to be killed by harriers from the provisioning data
recorded at harrier nest watches (Redpath and Thirgood
1997, unpubl.). Prey deliveries were exclusively juveniles of
these three species. From these data, harriers were found to
predate on average 3.2 curlew chicks per harrier nest in June
with a range of 1.1�7.7, thus in one year (1998) when
curlew predation was high and harrier densities were also
high (15 successful nests), harriers were estimated to have
taken 115 curlew chicks in June. We also estimated that
harriers killed on average 0.9 lapwing chicks per nest in
June of each year. Only two golden plover chicks were
observed being delivered to harrier nests, approximating to
0.25 golden plover chicks per harrier nest per year. Thus,
even in the peak harrier year (1997; 17 successful harrier
nests) this would only equate to around only 15 lapwing
and four golden plover chicks being killed by harriers. From
these figures, it is therefore not surprising that we found no
evidence to suggest that harrier predation limited wader
populations at Langholm. In contrast, Pulliainen and Saari
(1992) suggested that the decline of a whimbrel Numenius
phaeopus population in Finnish Lapland might be attribu-
table to the presence of a breeding pair of gyrfalcons Falco
rusticolus for whom 12% of breeding season diet was
whimbrel. However, whereas all the waders killed by
harriers at Langholm were chicks, the vast majority of
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those taken by the Finnish gyrfalcons were adults. The
impact of losing adults through predation is likely to have
more influence on the population than the loss of juveniles
for such species, given that these waders are generally long-
lived with slow reproductive rates.

The illegal killing of hen harriers due to their perceived
effect on red grouse populations is the key factor limiting
the distribution and abundance of hen harriers in the UK
(Etheridge et al. 1997). In the absence of this illegal killing,
between-site variation in harrier densities on heather
moorland is positively associated with meadow pipit
abundance (Redpath and Thirgood 1999), whereas annual
within-site variation is correlated with field vole Microtus
agrestis abundance (Redpath et al. 2002). However, there is
currently little understanding of the effect that a reduction
in the number of meadow pipits, brought about either
through habitat change or raptor predation, has on harrier
breeding densities within a site. Unfortunately, Langholm
does not provide a good opportunity to address this
question because of changes in management after 1999.
However, if harrier predation does indeed limit meadow
pipit densities, and they do not show any functional
response to meadow pipit density (Redpath and Thirgood
1999), then this relationship might be potentially advanta-
geous in mitigating the conflict between hen harrier
conservation and red grouse management. Thus, it is
possible that harrier numbers increase to high levels when
they first colonise a grouse moor, but that these levels are
not sustainable in the long term if harriers limit their main
passerine prey. In such a situation, after the initial increase
in abundance, harriers might return to a lower density
fluctuating in accordance with vole populations (Redpath
and Thirgood 1999, Redpath et al. 2002).

Various management solutions have been proposed to
mitigate this conflict (Thirgood et al. 2000c), one such
option that has already been partially tested is diversionary
feeding (Redpath et al. 2001); in this technique harriers are
provided with carrion throughout the breeding season to
reduce predation on red grouse. A new long-term project,
which aims to restore grouse management at Langholm in
the presence of hen harriers through diversionary feeding, is
about to commence. If our assumptions outlined above are
correct and diversionary feeding does not lead to increased
harrier abundance or a reduction in meadow pipit predation
rate, we predict that harriers will reduce the density of
meadow pipits and in turn decline to a new lower density. If
this was the case, then it could be beneficial for this technique
to be applied intensively at other sites during initial years of
colonisation to reduce the impact that harriers have on
grouse. Once harrier numbers subsequently decline, a more
targeted approach to management may be more appropriate
(Amar et al. 2004). From the trends observed in this study,
the decline in harrier numbers could occur within 6�7 years
after harriers start breeding successfully.

In this paper, we have attempted to look at the direct
effects that raptors may have on moorland passerines and
waders through predation. There are however, other
indirect effects that raptors may have on moorland birds
which are linked to management of the uplands. Active
grouse moor management stopped at Langholm in 2000,
when the landowner concluded there were insufficient
grouse to make driven grouse shooting economically viable.

Raptor predation has been shown to be the principle
mechanism behind the reduction in the grouse population
available for shooting at Langholm (Thirgood et al. 2000a,
2000b). Although the current study suggests little direct im-
pact of raptors on wader populations, habitat management
changes associated with the abandonment of grouse shoot-
ing may have a more pronounced effect since grouse moor
management is thought to benefit some upland bird species
including curlews, golden plovers and lapwings (Tharme
et al. 2001). This work thus highlights the need to find a
sustainable resolution to the conflict between hen harrier
conservation and red grouse management, thereby ensuring
that the illegal killing of raptors ceases whilst enabling
moorland to be managed in a way that is beneficial to many
of our upland bird species (Thirgood et al. 2000c, Redpath
et al. 2004).
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