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Bird Census Data Do Not Indicate a
Lack of Impact on Songbirds From
the Growth of Avian Predator
Populations in Britain in the Late
20th Century
Christopher Paul Bell*

Independent Researcher, Durham, United Kingdom

The possible role of avian predators in limiting songbird populations has been largely
discounted since the publication of findings showing a lack of statistical association
in United Kingdom bird census data between changes in prey species populations
and those of a range of predatory species, including raptors and corvids. I re-applied
the methodology behind these findings, covering a wider range of prey species and
using site-level modeling to estimate predator abundance instead of a mixture of spatial
modeling and raw count data. A significant aggregate predator effect was found in 33
out of 40 prey species, compared to only 10 out of 27 in the original study, as well as
a higher rate of significant individual predator effects, with 41 significantly negative and
84 significantly positive effects out of a total of 320. The greater explanatory power of
predator variables estimated using site-level modeling suggests that this has significant
advantages over the use of predator variables derived from spatial modeling, which
may not capture variation in predator abundance at a local scale, or from raw count
data, which may lead to attenuation of effect estimates. The prevalence of positive
associations between predators and prey is consistent with a common response to
local habitat variation, which may absorb negative covariance resulting from the impact
of predators on prey populations. Both positive and negative predator-prey associations
may also occur as a result of independent demographic processes that manifest
as sequential habitat occupation or withdrawal. Analyses of census data cannot
discriminate among these possible scenarios and may therefore have limited value in
determining whether predators have been limiting prey populations. Inference to a lack
of impact of avian predators on prey populations from such analyses may therefore
be unsafe, and a role for increased predator numbers remains a viable hypothesis with
respect to bird population declines. The recent neglect of this possibility should therefore
be urgently reversed, with a particular need for field experiments that can support strong
inference regarding population limitation of songbirds by avian predators.
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INTRODUCTION

Conservation management of wild populations takes place
against a background of controversy regarding the basis of their
persistence and stability. This involves debate over whether
populations are limited directly by food availability and other
environmental factors or regulated via density dependence
(Berryman, 2004; White, 2008), and if the latter whether such
regulation is bottom–up or top–down (Schmitz, 2010). Much
evidence has accumulated for the action of density-dependence
(Sibly et al., 2005), but the means of regulation remains
controversial in many cases, with bottom-up regulation via food
supply favored by those who believe that mortality resulting from
predation affects only a ‘doomed surplus.’ However, experimental
studies suggest that top–down regulation of populations by
predators is widespread, at least among the quarry species that are
the most frequent focus of such investigations (Holt et al., 2008;
Salo et al., 2010; Smith et al., 2010, 2011).

Few such studies have focused on the songbirds, which form
the majority of the common bird species that have undergone
severe population decline in heavily managed landscapes in
Europe and worldwide (Inger et al., 2015; Stanton et al., 2018).
Bottom–up regulation forms the usual context for explanation
of such declines, which cites changes in farming practices and
consequent decline in food supply as the ultimate cause, while
discounting the possible role of increasing predator populations
(Gibbons et al., 2007). Support for this position has emerged
from investigations that use data from the British Common
Birds Census (CBC) to test for the presence of relationships
between local population trends and changes in the local status
of predators during the main period of decline in the late 20th
century (Thomson et al., 1998; Newson et al., 2010), which found
very little to suggest a significant impact of a range of increasingly
abundant predator species. By contrast, studies focusing on data
from the Garden Bird Feeding Survey (GBFS) have found more
evidence of impact (Chamberlain et al., 2009; Bell et al., 2010;
Swallow et al., 2016a,b, 2019; Jones-Todd et al., 2018), but since
this refers to numbers at winter feeding stations it permits less
certain inference regarding impacts on breeding populations.

One of the main methodological problems of using Common
Birds Census data to test for association between predators and
prey is that predators occur at relatively low density. Census
plots, which are generally < 100 ha, may therefore hold a
maximum of only one or two breeding territories, which provides
little resolution of variation in predator abundance. Newson
et al. (2010) addressed this problem by using smoothed relative
abundance surfaces to produce year-specific predator indices for
each CBC site within their focal area (England), effectively using
broad-scale spatio-temporal trends to estimate variation in local
abundance. However, they used this approach only for raptors,
while using raw count data for the remainder of the predators
included in the study, despite the fact that these include species
such as Jay and Great Spotted Woodpecker, which occur at a
range of densities comparable to those of raptors.

Use of explanatory variables in the form of raw count data
presents a danger of inflating the type II error rate of regression
analyses, since differences in counts between adjacent years are

likely to contain a large element of measurement error. This
can be mitigated by using fitted model values, which reflect
the long-term trend in local predator activity, but the use of
trends measured on a broad geographic scale may fail to reflect
variation at the narrower scale represented by the area of a
typical CBC census plot. Here, therefore, I reprise the approach
used by Newson et al. (2010) for a wider range of potential
prey species, and use indices of activity for all predator species
derived from modeling of predator presence and absence at
individual site level.

MATERIALS AND METHODS

The analysis uses CBC data for the whole of the United Kingdom,
unlike Newson et al. (2010), who used only English data to aid
comparability with a similar analysis of Breeding Bird Survey
data. The latter began in 1995 so covers the period after the
most severe bird population declines in the 1970s and 1980s and
has good coverage of the whole of the United Kingdom, unlike
CBC which is mainly confined to England. The addition of a
small number of sites from Scotland, Wales and Northern Ireland
should not, therefore, substantially alter the results. CBC data
were supplied by volunteer surveyors as part of a national scheme
covering around 250 plots each year. There was relatively high
turnover and a policy of replacing a lapsed plot with another of
similar character, so the number of years surveyed at individual
sites varied considerably.

Model Structure
The approach used retains the structure of the model used by
Newson et al. (2010), and implements a regression of change in
log prey population against change in log predator indices:

ln
(

µi,t

µi,1

)
=

t−1∑
j=1

rj +χχχi,t
Tααα+λλλi,t

Tβββ

where µi,t is estimated prey population at site i in year t, rj is the
instantaneous rate of change in global prey population year j, and
χχχ and λλλ are variable vectors with associated regression parameter
vectors ααα and βββ. χχχ contains predator variables which include zero
values and are therefore of the form ln

(
Pi,t+1
Pi,1+1

)
, where Pi,t is a

site and year-specific estimate of predator population (see below),
and λλλ comprises environmental variables of the form ln

(
Qi,t
Qi,1

)
.

Predator variables used are the same as those used in Newson
et al. (2010): Buzzard (P1,i,t), Sparrowhawk (P2,i,t), Kestrel
(P3,i,t), Great Spotted Woodpecker (P4,i,t), Magpie (P5,i,t), Jay
(P6,i,t), Carrion Crow (P7,i,t), and Collared Dove (P8,i,t), with the
latter included as a ‘dummy predator’ to check whether patterns
suggestive of predation might emerge where no predation is
occurring. Environmental variables are also equivalent to those
used in Newson et al. (2010): biomass (Q1,i,t), which is the sum
of counts of prey species (other than the focal species) multiplied
by species-specific masses obtained from Robinson (2005); mean
daily rainfall and minimum temperature from the period April-
June of the preceding year (Q2 & 3,i,t); and mean daily rainfall
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TABLE 1 | Estimated effects with standard errors in brackets from multiple regressions of change in prey abundance against change in predator activity.

Prey Species Buzzard Sparrowhawk Kestrel Gt Sp Woodpecker Magpie Jay Carrion Crow Collared Dove LR Test1

Grey Partridge −0.881 (0.354)* 0.135 (0.139) 0.401 (0.132)** 0.359 (0.166)* −0.241 (0.166) −0.045 (0.207) −0.408 (0.163)* −0.101 (0.131) −28.245***

Lapwing 0.099 (0.297) 0.462 (0.172)** 0.237 (0.159) 0.436 (0.191)* 0.530 (0.209)* −0.314 (0.177) 0.515 (0.167)** −0.111 (0.129) −54.489***

Turtle Dove 1.973 (0.412)*** −0.441 (0.142)** −0.011 (0.128) 0.003 (0.158) 0.314 (0.139)* 0.872 (0.187)*** 0.001 (0.132) 0.093 (0.127) −61.399***

Blue Tit −0.066 (0.051) 0.188 (0.030)*** −0.121 (0.033)*** 0.270 (0.042)*** 0.101 (0.040)* 0.144 (0.043)*** −0.015 (0.035) 0.013 (0.032) −139.872***

Great Tit −0.097 (0.066) 0.254 (0.040)*** 0.017 (0.044) 0.373 (0.056)*** 0.037 (0.053) 0.097 (0.056) −0.005 (0.046) −0.029 (0.042) −120.648***

Coal Tit −0.047 (0.132) 0.158 (0.084) −0.174 (0.094) 0.444 (0.134)*** 0.128 (0.099) 0.069 (0.124) 0.271 (0.086)** −0.092 (0.095) −36.819***

Willow Tit −0.912 (0.569) 0.197 (0.244) 0.097 (0.238) −0.121 (0.285) 0.336 (0.302) 0.055 (0.372) 0.497 (0.273) −0.188 (0.217) −8.764

Marsh Tit 0.350 (0.216) 0.516 (0.150)*** 0.418 (0.168)* −0.190 (0.243) 0.191 (0.166) 0.178 (0.210) −0.260 (0.136) −0.146 (0.143) −32.228***

Skylark 0.448 (0.099)*** −0.047 (0.046) −0.041 (0.047) −0.147 (0.056)** −0.012 (0.057) −0.050 (0.065) −0.163 (0.053)** 0.041 (0.044) −45.276***

Long−tailed Tit −0.365 (0.148)* 0.549 (0.098)*** −0.049 (0.107) 0.714 (0.147)*** 0.289 (0.122)* 0.295 (0.137)* 0.126 (0.109) −0.051 (0.104) −101.678***

Wood Warbler 0.024 (0.452) −0.090 (0.330) −0.425 (0.475) −0.031 (0.695) −0.841 (0.340)* 0.845 (0.490) 0.169 (0.247) 0.130 (0.376) −14.599

Chiffchaff −0.001 (0.089) 0.224 (0.061)*** −0.177 (0.069)** 0.248 (0.094)** 0.029 (0.080) 0.188 (0.093)* −0.022 (0.071) 0.086 (0.064) −40.607***

Willow Warbler −0.072 (0.061) 0.013 (0.036) −0.089 (0.036)* 0.064 (0.046) 0.061 (0.043) 0.104 (0.049)* 0.010 (0.037) 0.285 (0.037)*** −86.388***

Whitethroat −0.511 (0.113)*** 0.049 (0.068) 0.298 (0.074)*** 0.317 (0.078)*** 0.242 (0.084)** 0.344 (0.097)*** −0.274 (0.073)*** 0.082 (0.075) −91.310***

Nuthatch 0.438 (0.194)* −0.010 (0.121) −0.249 (0.145) 0.327 (0.275) −0.003 (0.155) 0.324 (0.176) −0.147 (0.134) 0.176 (0.131) −15.189

Treecreeper −0.027 (0.174) 0.337 (0.117)** 0.107 (0.135) 0.568 (0.209)** 0.314 (0.146)* −0.113 (0.187) −0.188 (0.129) −0.282 (0.126)* −31.202***

Wren −0.013 (0.040) 0.163 (0.025)*** −0.024 (0.028) 0.176 (0.035)*** 0.012 (0.033) 0.081 (0.035)* 0.043 (0.030) 0.044 (0.027) −101.784***

Starling −0.252 (0.216) 0.299 (0.109)** 0.310 (0.106)** 0.462 (0.133)*** 0.114 (0.139) −0.028 (0.117) 0.057 (0.125) 0.288 (0.086)*** −86.416***

Blackbird 0.114 (0.047)* 0.001 (0.025) 0.095 (0.028)** 0.043 (0.032) 0.100 (0.033)** 0.148 (0.034)*** 0.065 (0.030)* −0.061 (0.025)* −69.837***

Song Thrush 0.224 (0.090)* −0.309 (0.047)*** 0.027 (0.049) −0.118 (0.057)* −0.172 (0.056)** 0.028 (0.063) 0.034 (0.051) 0.026 (0.043) −69.348***

Mistle Thrush −0.126 (0.184) 0.271 (0.099)** 0.146 (0.104) 0.105 (0.132) 0.480 (0.136)*** −0.139 (0.124) 0.149 (0.124) 0.044 (0.096) −29.422***

Spotted Flycatcher 0.394 (0.224) −0.118 (0.150) 0.347 (0.148)* −0.139 (0.165) −0.207 (0.180) 0.534 (0.193)** −0.064 (0.169) 0.133 (0.132) −19.345*

Robin −0.013 (0.043) 0.051 (0.026)* −0.131 (0.030)*** 0.154 (0.037)*** 0.144 (0.035)*** 0.017 (0.037) −0.004 (0.030) 0.025 (0.027) −61.982***

Dunnock −0.016 (0.069) 0.024 (0.036) 0.047 (0.039) 0.098 (0.044)* 0.037 (0.045) −0.009 (0.049) −0.071 (0.041) 0.120 (0.034)*** −23.334**

House Sparrow 0.106 (0.216) −0.123 (0.133) 0.220 (0.115) −0.440 (0.171)* 0.507 (0.196)** −0.262 (0.169) −0.287 (0.199) 0.278 (0.181) −50.705***

Tree Sparrow 0.805 (0.566) −0.783 (0.158)*** −0.402 (0.126)** 0.878 (0.149)*** 0.049 (0.154) −0.472 (0.189)* 0.045 (0.166) 0.382 (0.107)*** −143.004***

Yellow Wagtail −0.653 (0.753) −0.549 (0.177)** −0.341 (0.210) 0.079 (0.238) 0.805 (0.254)** −1.693 (0.317)*** −0.760 (0.257)** −0.242 (0.199) −74.665***

Grey Wagtail −0.164 (0.520) 0.504 (0.349) 0.174 (0.368) 0.929 (0.607) 0.294 (0.446) 0.571 (0.485) 0.221 (0.521) −0.347 (0.340) −10.405

Pied Wagtail −0.008 (0.224) −0.046 (0.134) −0.029 (0.125) 0.074 (0.158) 0.103 (0.168) 0.068 (0.175) 0.147 (0.209) 0.143 (0.120) −2.996

Tree Pipit 0.139 (0.348) 0.589 (0.212)** 0.231 (0.204) 0.036 (0.226) 0.249 (0.221) 0.035 (0.227) 0.601 (0.179)*** 0.108 (0.190) −29.868***

Meadow Pipit 0.191 (0.275) −0.021 (0.145) −0.039 (0.120) −0.060 (0.196) −0.043 (0.159) −0.032 (0.218) −0.253 (0.147) −0.494 (0.163)** −23.229**

Chaffinch −0.227 (0.041)*** 0.194 (0.028)*** 0.053 (0.030) 0.282 (0.036)*** −0.039 (0.035) 0.084 (0.038)* 0.073 (0.033)* −0.020 (0.028) −186.923***

Bullfinch 0.044 (0.149) −0.227 (0.089)* 0.164 (0.095) −0.121 (0.109) 0.098 (0.114) 0.242 (0.125) 0.035 (0.091) 0.033 (0.084) −14.462

Greenfinch 0.313 (0.133)* −0.108 (0.064) 0.191 (0.066)** −0.084 (0.076) −0.270 (0.078)*** −0.184 (0.084)* 0.158 (0.078)* 0.135 (0.059)* −44.074***

Linnet 0.130 (0.150) −0.148 (0.068)* 0.223 (0.065)*** 0.066 (0.078) −0.093 (0.076) 0.072 (0.086) −0.082 (0.073) 0.183 (0.065)** −27.193***

Redpoll −1.306 (0.428)** −1.277 (0.210)*** 0.296 (0.156) −0.463 (0.216)* −0.087 (0.170) −0.720 (0.276)** 0.490 (0.167)** 0.293 (0.153) −72.857***

Goldfinch 0.221 (0.148) −0.011 (0.104) 0.023 (0.103) 0.211 (0.123) −0.269 (0.131)* 0.090 (0.127) −0.042 (0.142) 0.154 (0.097) −11.923

Corn Bunting 0.485 (0.838) −0.247 (0.189) −0.426 (0.203)* 0.975 (0.205)*** 0.892 (0.194)*** −0.287 (0.329) −0.209 (0.181) −0.328 (0.157)* −59.573***

Yellowhammer −0.190 (0.099) −0.003 (0.049) 0.000 (0.057) 0.075 (0.057) 0.183 (0.061)** 0.251 (0.069)*** −0.204 (0.060)*** 0.198 (0.052)*** −50.564***

Reed Bunting 0.438 (0.165)** 0.105 (0.083) −0.263 (0.079)*** −0.207 (0.106) −0.363 (0.091)*** 0.418 (0.116)*** 0.027 (0.095) 0.153 (0.075)* −55.617***

Significant −ve total 5 7 7 4 5 4 5 4 Row sum=41

Significant +ve total 7 13 8 16 13 12 7 8 Row sum=84

The likelihood ratio test shows the change in likelihood following deletion of all predator species and Collared Dove from the linear model. Significant negative effects are highlighted in orange and significant positive
effects in blue. See Supplementary Table S1 for scientific names. 1Likelihood ratio χ2 test with 8 degrees of freedom. * < 0.05, ** < 0.01, *** < 0.001.
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FIGURE 1 | Histograms of one-tailed probabilities for effects of predators on prey species. Parts (A–H) show prey species frequencies for each individual predator
species.
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and minimum temperature from the preceding winter period of
December to February (Q4& 5,i,t), with all weather data derived
from HADUK 1km gridded climate observations1 matched to
the 1km square corresponding to each census site. The model
excludes Gray Squirrel and prey detectability indices, which
were used in Newson et al. (2010) for analysis of Breeding Bird
Survey data only.

The model was implemented in R version 3.5.1. (R Core Team,
2018) with prey counts as the response variable, using Poisson
errors and a loge link, except where the model dispersion was
≥1.4 (Supplementary Table S1), in which case quasipoisson
errors were used:

µi,t = exp

 t−1∑
j=1

rj +χχχi,t
Tααα+λλλi,t

Tβββ+ ln µi,1


The ‘recursive’ structure of the model enables a much more
efficient use of the available data than in a standard regression
model of population change with an offset in the form of the log
of observed prey numbers at t-1 (ln Ni,t−1, cf. Thomson et al.,
1998) instead of the log estimate of prey numbers in the first data
year (ln µi, 1). This is because all the data contribute to maximum
likelihood estimates of prey numbers in any given year (t), with
those for t = 1 estimated as site effects with sites represented by
levels in a categorical variable (cf. Freeman and Newson, 2008).
For some long-running census sites in which there were periodic
changes in the size of the census area, site data were split between
multiple levels of the categorical variable, each corresponding to
runs of years in which the census area was consistent, thereby
preventing the variance in prey species counts attributable to
changes in the size of census areas from being partitioned among
the other explanatory variables.

Prey species counts for any given year also contribute to the
estimate of the global effect of that year (rj) through inclusion in
the model of binary variables representing each data year, which
are set to value 1 for species counts taken after the year in question
(e.g., 1971, 1972. . . for the variable representing the effect of
conditions in 1970), denoting that the count has been influenced
by conditions in the year concerned, and otherwise to 0. Change
of prey count between the first and any subsequent year with site
data is therefore explained by a combination of the global effect
of conditions in the intervening years, and the change in predator
and environmental variables over the same period.

Estimation of Predator Activity
All of the predators included in the analysis are species that
increased in abundance during the focal period, and therefore
could plausibly have contributed to contemporary declines in
prey populations. An undoubted outcome of predator increase
has been range expansion, resulting in the settlement of many
sites that were formerly unoccupied, and estimation of change
in predator abundance focuses on this process by first reducing
count data to presence and absence, which is then modeled within
each site using binary logistic regression. This ensures equal
treatment of the predators and facilitates inclusion of frequent

1http://archive.ceda.ac.uk

TABLE 2 | Kolmogorov–Smirnov tests of the null hypothesis that one-tailed
probabilities of predator, weather and biomass effects on prey and predator
species have a uniform distribution.

Prey species Predator species

D P D P

Buzzard 0.198 0.076 0.357 0.265

Sparrowhawk 0.320 0.001*** 0.709 0.000***

Kestrel 0.271 0.004** 0.378 0.209

Gt Sp Woodpecker 0.433 0.000*** 0.558 0.014*

Magpie 0.330 0.000*** 0.660 0.002**

Jay 0.358 0.000*** 0.259 0.648

Carrion Crow 0.188 0.103 0.567 0.012*

Collared Dove 0.297 0.001** 0.235 0.758

Winter rain 0.174 0.160 0.238 0.673

Spring rain 0.127 0.499 0.455 0.050*

Winter temp 0.319 0.000*** 0.305 0.371

Spring temp 0.151 0.293 0.387 0.137

Biomass 0.998 0.000*** 0.802 0.000***

* < 0.05, ** < 0.01, *** < 0.001.

occasions on which they are recorded as ‘present’ at a site in a
given year, but with a count of zero territories. A predator was
therefore recorded as present for counts ≥ 1 and for counts of
zero where it was noted as being present, and for all other counts
of zero as absent. This may reduce the power of the analysis
to detect associations, especially for species such as Magpies for
which counts into double figures can occur, although probability
of presence is generally a good predictor of abundance (Jones-
Todd et al., 2018).

Since regression cannot provide meaningful estimates for
short runs of data, modeling was confined to sites in which
census data were recorded for at least 5 years. The estimates
of predator activity derived for each site and year were then
used as explanatory variables (Pi,t) in the analysis of change in
prey populations.

Effect of Biomass
Newson et al. (2010) included biomass as a covariate in their
linear model ‘to control for the availability of alternate prey,
which may buffer against impact on the prey species of interest.’
This was investigated via comparison of predator effect values
before and after deletion of biomass, which should result in a
reduction in effect size if buffering is occurring.

Comparison of Predator Effects With
Population Change
The analysis follows Newson et al. (2010) in using data from the
period 1967–2000, facilitating comparison of results with change
in national population estimates, which for most prey species are
available from 1966 onward (Woodward et al., 2018). Change
in national prey population associated with increased numbers
of individual predators was estimated using prey-specific effect
values (αprey) in combination with a measure of increase in
site occupation by the predator, calculated as difference between
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TABLE 3 | Mean change in estimated effects of predators on prey species following deletion of biomass from the linear model.

Change in Negative Effects Change in Positive Effects

n Mean SE P n Mean SE P

Buzzard 21 0.042 0.014 0.008** 19 −0.015 0.017 0.372

Sparrowhawk 18 −0.029 0.016 0.091 22 −0.043 0.008 0.000***

Kestrel 18 0.040 0.009 0.000*** 22 0.037 0.008 0.000***

G S Woodpecker 12 0.096 0.018 0.000*** 28 0.092 0.010 0.000***

Magpie 13 0.059 0.016 0.003** 27 0.021 0.009 0.033*

Jay 14 0.103 0.020 0.000*** 26 0.125 0.008 0.000***

Carrion Crow 19 0.111 0.016 0.000*** 21 0.134 0.015 0.000***

Collared Dove 14 0.076 0.010 0.000*** 26 0.084 0.011 0.000***

Changes are weighted by the inverse of the standard error of predator effects prior to deletion of biomass. * < 0.05, ** < 0.01, *** < 0.001.

annual means of the loge predator index. The predicted effect
on national prey populations (Rprey) of change in predator
occupation across all sites between 1967 and 2000 is then:

Rprey = exp
(

αprey

(∑
i ln(Pi,2000 + 1)

n2000
−

∑
i ln(Pi,1967 + 1)

n1967

))
where nt = the number of sites (i) contributing predator activity
estimates (Pi,t) in year t.

Cross-Study Comparisons
Predator effect estimates for individual prey species were
compared with those presented by Newson et al. (2010), and
from a series of more recent papers reporting predator effects
estimated from GBFS data in which mean over-winter counts at
bird feeding stations are modeled within a Bayesian framework,
either using site-specific predator and environmental variables as
linear predictors (Swallow et al., 2016a,b, 2019), or via a joint
spatio-temporal model that determines the dependency of species
abundance on the probability that other species are present
(Jones-Todd et al., 2018).

RESULTS

A significant aggregate effect of predators was indicated by
likelihood ratio test in 33 of the 40 prey species examined
(Table 1), and residual plots support the validity of the
fitted models (Supplementary Figures S1–S4). Under the null
hypothesis of no effect on prey numbers, standardized effects of
a predator on a range of prey species should be approximately
normally distributed with a mean of zero, resulting in a uniform
distribution of one-tailed probabilities. In general, however,
the distribution is centrifugal, with excess frequencies at both
extremes, indicating that markedly positive and negative effects
occur more frequently than expected by chance (Figure 1).
The resulting frequency distributions differ significantly from
uniform in all except Buzzard and Carrion Crow (Table 2).
Among the weather variables the distribution of one-tailed
probabilities differs significantly from uniform only for winter
temperature, indicating an overall bias toward a positive effect
that is particularly marked in Wren and Robin (Table 2

and Supplementary Table S1). Among the eight individual
‘predator’ species six show a significant aggregate effect of the
other predators (Supplementary Table S1), and one-tailed effect
probabilities show positive bias in Sparrowhawk, Great Spotted
Woodpecker, Magpie and Carrion Crow, and negative bias for
Spring Rain (Table 2 and Supplementary Table S1).

Biomass shows a highly significant positive effect in all 40 prey
species and in 6 of the 8 ‘predator’ species (Supplementary Table
S1), but changes in predator effects that occur on deletion of
biomass are overwhelmingly positive, and this holds whether the
effects themselves are positive or negative (Table 3 and Figure 2).
Consequently negative effects generally decrease, which is in
line with the assumption that biomass controls for the buffering
effect of alternative prey, but positive effects generally increase,
which is contrary to this assumption. The exceptions are negative
Sparrowhawk effects and positive Buzzard effects, which show
no overwhelming tendency to increase or decrease, and positive
Sparrowhawk effects, which generally decrease (Table 3 and
Figure 2).

The temporal trend in mean predator abundance across sites
is shown in Figure 3, and the prey population change predicted
on the basis of estimated effects and change in the abundance
of predators is plotted against actual prey population change
for the period 1967–2000 in Figure 4. There is a significant
positive relationship in the case of Sparrowhawk, but for all other
predators it is non-significant (Table 4).

Comparison With Previous Studies
The proportion of prey species with a significant overall
predator effect is markedly higher than that reported by Newson
et al. (2010), in which 9 of the 27 species covered by both
studies (33%) proved significant, compared to 24 (89%) in
the current analysis. Significant individual predator effects also
occur at a higher frequency in the current study, with 27
negative (13%) and 61 positive (28%) effects among the 27
prey species, compared to 19 (9%) negative and 41 (19%)
positive in Newson et al. (2010). Effect size estimates emerging
from the two studies are uncorrelated except in Jay and
Collared Dove (Table 5), and there is limited correspondence
between the two studies as to which individual predator-
prey interactions are significant, with agreement regarding
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FIGURE 2 | Plots of change in predator effect on deletion of biomass from the linear model against predator effect prior to deletion. Parts (A–H) show changes in
effects of individual predators on prey species where the effect is significant prior to biomass deletion, with prey species denoted using standard British Trust for
Ornithology codes (see Supplementary Table S1).
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FIGURE 3 | Trends in mean predator site occupation 1962–2000. This is expressed as the mean of ln(Pi,t + 1), where P is the year and site-specific estimate of
predator activity derived from the binary logistic model (n.b. Pi, t + 1 is the unit measurement on which predator effect estimates are based). Trend lines ±2 standard
errors were fitted with the loess smoother of the GAM package in R using a span of 0.2.

significance on only 4 negative and 10 positive effects, and
significant but opposite results in 6 cases (Table 6). Effect sizes
reported in Newson et al. (2010) for predators represented by
raw count data are markedly constrained around zero compared
to those represented by modeled data, which comprise both
the raptors in Newson et al. (2010) and all predators in
the present study (Figure 5). Variance in effect estimates is
therefore consistent between predator species in the present study
(Fligner-Killeen test for homogeneity of variances: χ2

7 = 5.232,
P = 0.632), but not in Newson et al. (2010) (χ2

7 = 95.241,
P < < 0.001∗∗∗).

There are also substantial disparities with results emerging
from more recent studies of predator effects using GBFS data
(Table 7). Where results disagree for Sparrowhawk (21 out of 28
comparisons) GBFS studies tend to find outcomes that are more
negative, i.e., either negative or non-significant for species with
positive effects in the current study (Blue Tit, Great Tit, Starling,
Robin, Chaffinch), or negative outcomes for species that are non-
significant in the current study (House Sparrow). There are 9
agreements, which are all over non-significant outcomes, and 3
positive GBFS outcomes for species that were non-significant in
the current study (Coal Tit, Blackbird).

Collared Dove shows a higher level of agreement, with 10
examples of agreed non-significance and 4 of agreed positive
covariance. Among the disagreements GBFS outcomes tend to
be more positive, with 9 examples of positive GBFS effects that
were non-significant in the current study (Coal Tit, Robin, House

Sparrow, Chaffinch) and two positive GBFS outcomes found here
to be negative (both Blackbird), with only Greenfinch providing
two instances of a non-significant GBFS outcome compared to a
positive one here (Table 7).

DISCUSSION

Comparison With Previous Studies
The results of this analysis bear limited resemblance to
those of Newson et al. (2010), despite the fact that the two
studies use substantially the same datasets and methodology.
However, the effect sizes reported in Newson et al. (2010) are
clearly dependent on the method used to estimate predator
abundance, with restriction to a narrow range around zero
for predators represented by raw count data compared to
those represented by modeling in both Newson et al. (2010)
and in the current study. This suggests a larger attenuation
of effects resulting from error in the explanatory variables
consisting of raw data, which is intuitively reasonable given
that year to year variation in the underlying census estimates
will inevitably include a large element of measurement error.
Much of this measurement error will be partitioned as residual
error in a model of predator abundance, and since it is the
underlying trend in predator presence that is of interest as
a predictor of prey population change, it makes sense that
attenuation should be lower when it is represented by fitted values
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FIGURE 4 | Plots of predicted ln prey population change across all census sites (ln Rprey ) against ln actual population change for prey species with significant
predator effects. Parts (A–H) show ln predicted prey population change from 1967–2000, as estimated from change in mean site occupation by individual predators
and their prey-specific effect estimates, plotted against ln actual prey population change for the same period, except for prey species in which population estimates
start later than 1967, i.e. House Sparrow (1976) and Wood Warbler (1994) (Woodward et al., 2018).

Frontiers in Ecology and Evolution | www.frontiersin.org 9 October 2020 | Volume 8 | Article 277

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-08-00277 October 1, 2020 Time: 14:7 # 10

Bell Avian Predators and Prey Populations

TABLE 4 | Regression of loge actual prey population change against loge prey
population change predicted from significant predator effects, given mean change
in predator abundance.

Effect SE P

Buzzard 1.851 (2.378) 0.455

Sparrowhawk 3.492 (1.105) 0.005**

Kestrel 1.522 (10.385) 0.886

G S Woodpecker −0.804 (2.527) 0.754

Magpie −3.677 (2.107) 0.100

Jay 5.405 (5.541) 0.346

Carrion Crow 1.771 (4.243) 0.685

Collared Dove −4.064 (3.751) 0.304

** < 0.01.

TABLE 5 | Correlation between effect sizes reported in Newson et al. (2010)
and current study.

Correlation P

Buzzard −0.069 0.734

Sparrowhawk 0.100 0.618

Kestrel 0.168 0.403

G S Woodpecker 0.259 0.192

Magpie −0.127 0.529

Jay 0.791 0.000***

Carrion Crow −0.085 0.673

Collared Dove 0.399 0.039*

Each correlation has n = 27 and df = 25. * < 0.05, *** < 0.001.

from a predator model. This can therefore explain the wider
observed range of effect estimates among the modeled predator
species, both in Newson et al. (2010) and the current study,
although these will still be subject to some attenuation because
of error in predator model estimates.

Although both studies use a modeling approach to estimate
raptor abundance, they show less correspondence in effect
estimates for raptors than for Jay and Collared Dove, which
were both represented by raw data in Newson et al. (2010)
(Table 5). However, the scale at which variation is measured
is markedly different in the two studies. The CBC census

plots used as the basis of spatial modeling by Newson
et al. (2010) are typically tens of kilometers apart, and
although they include an adjustment for habitat at the 1km
square level, this can only capture local variation to a
limited extent, and cannot account for random variation in
local abundance or effects independent of habitat such as
disturbance, all of which are captured by site-level modeling.
These factors, together with the greater explanatory power
of the analysis reported here, suggests that the site-level
modeling approach used may have significant advantages
over the mixture of spatial modeling and raw data used by
Newson et al. (2010).

There are also major differences with the results of Swallow
et al. (2016a,b, 2019), which themselves vary substantially
(Table 7). However the results emerging from these studies
may be of limited value, since the model used in each case
has a common intercept across all years. This is contrary to
indications emerging from Thomson et al. (1998) in favor of
the inclusion of annual intercepts in the linear model, which
has the effect of removing predator-prey covariance attributable
to long-term national trends. The existence of such correlated
trends provides the original motivation for analyses of this kind,
but may represent a spurious relationship arising from separate
and unconnected causal mechanisms, and since this potential
source of covariance contributes to the effect sizes reported by
Swallow et al. (2016a,b, 2019), this limits the inferences that
can be drawn. In particular the negative associations reported
for Blue Tit, Starling and House Sparrow with Sparrowhawk
may simply reflect temporal covariance caused by declining
attendance at bird feeders, which coincided with the increase in
Sparrowhawk numbers but was somewhat later than the main
period of Collared Dove increase.

The present study also contrasts with that of Jones-Todd
et al. (2018), which reports that House Sparrow has a significant
negative association with Sparrowhawk and a significant positive
association with Collared Dove. However Jones-Todd et al.
(2018) did not include any other predators or environmental
covariates, and their result is the same as that which emerges
using the methodology of the current study if such covariates are
excluded (Bell, 2019).

TABLE 6 | Correspondence of significant predator effects in Newson et al. (2010) and current study.

Agreement Disagreement

Positive Negative Positive (Newson)
Negative (current)

Negative (Newson)
Positive (current)

Buzzard Song Thrush

Sparrowhawk Robin Tree Sparrow Bullfinch Yellow Wagtail

Kestrel Tree Sparrow Starling

G S Woodpecker Coal Tit

Magpie Lapwing House
Sparrow

Blue Tit Blackbird Mistle
Thrush Yellow Wagtail

Jay Chiffchaff Blackbird
Spotted Flycatcher
Reed Bunting

Yellow Wagtail

Carrion Crow

Collared Dove Tree Sparrow
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FIGURE 5 | Plots of estimated predator effects on individual prey species from Newson et al. (2010) against equivalent estimates from the current study. Plots (A–H)
show estimated effects of individual predator species on prey species covered by both studies.
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TABLE 7 | Comparison of current results with those of recent analyses using GBFS data.

Current Swallow et al., 2016a Swallow et al., 2016b Jones-Todd et al., 2018 Swallow et al., 2019

Density Change

Sparrowhawk Blue Tit + ns – –

Great Tit + ns ns ns

Coal Tit ns + + ns

Starling + – –

Blackbird ns + ns

Robin + ns ns

House Sparrow ns – – – – –

Chaffinch + ns ns ns

Greenfinch ns ns ns ns

Collared Dove ns ns ns

Collared Dove Blue Tit ns ns ns ns

Great Tit ns ns ns ns

Coal Tit ns + ns +

Starling + + +

Blackbird – + +

Robin ns ns +

House Sparrow ns ns + + ns +

Chaffinch ns + + +

Greenfinch + + ns ns

Cell contents indicate significant positive, negative or non-significant effects of either Sparrowhawk or Collared Dove on focal prey species. Swallow et al. (2019) includes
analyses using both predator density and change in predator density as explanatory variables.

Inference From Predator Effects
Although both positive and negative predator effects occur in
the present study much more often than expected by chance,
i.e., 13% negative and 26% positive (Table 1), compared to
expected rates of 2.5% each, it is notable that positive effects
occur at twice the rate of negative effects. Notwithstanding
theoretical considerations relating to the ‘hydra effect’ (Abrams,
2009), it seems likely that such positive associations arise
from the effect of prey abundance on predator activity
rather than the other way around, as indicated by the
generally positive covariance between predators and biomass
(Supplementary Table S1). However this does not necessarily
mean that increased predation is having no effect on a prey
population, since it may be slowing the rate of prey increase
or accelerating the rate of decline that would occur in response
to change in habitat quality in the predator’s absence. Negative
predator effects may therefore emerge only when they are
sufficient to outweigh the fact that variation in local carrying
capacity tends to produce positive covariance between predators
and prey species.

Evidence for buffering in the form of reduction in predator
effects following deletion of biomass is unevenly distributed and
occurs mainly among negative predator effects, except in the
case of Sparrowhawk where it occurs among positive effects
(Figure 2). The former might be interpreted as evidence that
the effect of predation on individual species is dependent on
the abundance of alternative prey, and the latter that the same
applies to the effect of individual prey species abundance on
Sparrowhawk activity. However, biomass deletion also reduces

negative effects associated with Collared Dove, including effects
on Meadow Pipit, Treecreeper and Blackbird (Figure 2H), which
are clearly not predation-related and seem unlikely to result
from competition.

All such patterns might instead be explained by independent
demographic trends, which manifest via sequential occupation
or withdrawal from locations and/or habitats (Brown, 1969;
Fretwell and Lucas, 1970, Figure 6). It is intuitive that if
two species are independently increasing and expanding their
range the result can be positive covariance in population
change across a sample of census sites (cf. Figure 6A and
upper right quadrant in Figure 4). However, the numerous
instances of positive covariance between (increasing) predators
and declining prey species (lower right quadrant, Figure 4) and
the few instances of negative covariance with increasing prey
species (upper left quadrant, Figure 4) can also be explained
by independent demographic trends if the species involved
differ in their core range or habitat. If, for example, increasing
Great Spotted Woodpecker populations expanding from core
wooded habitat to more open farmland encounter declining Corn
Bunting and Tree Sparrow populations retreating in the same
direction, this would lead to a positive correlation (Figure 4D)
caused by contrast between stable woodpecker and declining
bunting/sparrow populations in wooded farmland and increasing
woodpecker and stable bunting/sparrow populations in open
farmland (Figure 6D). Such independent demographic trends
can also explain apparent buffering by biomass in the case of Corn
Bunting (Figure 2D), which may decline more rapidly in poorer
quality habitats supporting fewer birds of other species.
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FIGURE 6 | Spurious relationships resulting from simultaneous changes in
species populations. Boxes represent habitats or census locations. 0, + and –
represent change in population during a one year period for two species. The
‘correlation’ plot to the right represents relationships that emerge from a
‘change versus change’ analysis of the process illustrated. (A) Species share
preferred habitat/core area and expand into marginal habitats/areas.
(B) Species differ in preferred habitat/core area and expand into marginal
habitats/areas. (C) Species share the same preferred habitat/core area and
one expands into while another contracts from marginal habitat/areas.
(D) Species differ in preferred habitat/core area and one expands while
another contracts from marginal habitat/areas.

Another possible example concerns Buzzard populations that
expanded from the west as Turtle Dove populations were
retreating to the east (Massimino et al., 2019), which may have
led to the observed positive correlation (Figure 4A) via contrast
between stable Buzzard and declining Turtle Dove populations
in the west, and stable Turtle Dove and increasing Buzzard
populations in the east (Figure 6D). The negative association
between increasing Collared Dove and Treecreeper populations
(Figure 4H) could arise if each were relatively stable in their core
habitat of suburbia and woodland respectively, while expanding
into the other (Figure 6B). Collared Dove populations may also
have expanded into farmland habitats that were marginal for
retreating Corn Bunting and Meadow Pipit populations leading
to a negative association (Figure 4H), with slower retreat in better
quality habitat accounting for apparent buffering by biomass in
Meadow Pipit (Figure 2H).

It is the case, therefore, that negative associations between
increasing predators and decreasing prey species (lower left
quadrant, Figure 4), which readily evoke direct interaction as
an explanation, can also arise from independent demographic
change (Figure 6C). Since the association between population
change in predator and prey species is identical in either scenario,
analysis of census data does not permit discrimination between
them. It is nevertheless possible to identify associations that
are more or less plausibly attributed to direct predation. For

instance, declining Redpoll populations are negatively associated
with Buzzard, Sparrowhawk, Great Spotted Woodpecker and Jay
(Figures 4A,B,D,F), though by far the largest effect is that of
Sparrowhawk, which also most plausibly attributed to predation
on ecological grounds. The fact that Sparrowhawk is the only
predator for which there is a significant relationship between
predicted and actual population change at the national level also
suggests that it is most likely to have contributed to general
population decline among prey species.

Evaluation
Newson et al. (2010) were careful to frame inference from
their results in terms of an absence of evidence for an
impact of increased predator numbers on prey populations, but
their conclusions carry the clear implication that widespread
negative predator-prey associations should have emerged from
their analysis if such impacts had occurred. The article has
therefore been widely quoted as concluding that predators
have little or no effect on prey populations (Bicknell et al.,
2010; Eglington and Pearce-Higgins, 2012; Mallord et al.,
2012), and the results it presents also have influence through
inclusion in literature reviews on predation, in which the
very large number of predator-prey cases it covers tends to
overpower the influence of other studies (Madden et al., 2015;
Roos et al., 2018).

The analysis presented here cast doubt on both the results
and the inferences presented by Newson et al. (2010), since
it demonstrates that change in predator abundance has much
greater predictive power than was apparent in their analysis.
It also shows that positive associations between predator and
prey are widespread, suggesting that negative effects of predation
might be undetectable against a general background of positive
predator-prey covariance caused ultimately by common response
to variation in habitat quality. Since it is also the case that
negative associations may arise fortuitously as a result of
contrasting patterns of sequential occupation of habitat or
territory by expanding or contracting species populations, the
utility of census data for investigation of predation effects may
be limited.

In the absence of evidence to the contrary, the impact
of increased numbers of predators therefore remains a viable
hypothesis in relation to the bird population declines that
occurred in Britain and elsewhere during the last quarter
of the 20th century. It also gains credibility from the
failure of farmland bird populations to recover following the
widespread introduction of agri-environment schemes based
on the prevailing hypothesis of farming-related food shortage
(Davey et al., 2010). Predator numbers are seldom considered
in the many studies linking farming practices with bird
population declines, and because predator abundance is also
largely determined by farming practice, it can potentially explain
many aspects of bird decline that are routinely attributed to the
direct influence of farming (Bell, 2011).

Since the publication of Newson et al. (2010), the study of
predation and its potential for population regulation, particularly
of songbirds, has been relatively neglected. However, the results
presented here suggest an urgent need for the effect of predator
abundance to be investigated alongside that of farming, and in

Frontiers in Ecology and Evolution | www.frontiersin.org 13 October 2020 | Volume 8 | Article 277

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-08-00277 October 1, 2020 Time: 14:7 # 14

Bell Avian Predators and Prey Populations

particular for more experimental studies such as that of Sage
and Aebischer (2017), in order to create a fund of evidence
comparable to that which has clarified the role of predation in
limiting gamebird and wader populations.
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