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Summary

1. In recent decades there have been population declines of many UK bird species, which have

become the focus of intense research and debate. Recently, as the populations of potential predators

have increased there is concern that increased rates of predationmay be contributing to the declines.

In this review, we assess the methodologies behind the current published science on the impacts of

predators on avian prey in theUK.

2. We identified suitable studies, classified these according to study design (experimental ⁄observa-
tional) and assessed the quantity and quality of the data uponwhich any variation in predation rates

was inferred. We then explored whether the underlying study methodology had implications for

study outcome.

3. We reviewed 32 published studies and found that typically observational studies comprehen-

sively monitored significantly fewer predator species than experimental studies. Data for a differ-

ence in predator abundance from targeted (i.e. bespoke) census techniques were available for less

than half of the 32 predator species studied.

4. The probability of a study detecting an impact on prey abundance was strongly, positively

related to the quality and quantity of data upon which the gradient in predation rates was inferred.

5. The findings suggest that if a study is based on good quality abundance data for a range of preda-

tor species then it is more likely to detect an effect than if it relies on opportunistic data for a smaller

number of predators.

6. We recommend that the findings from studies which use opportunistic data, for a limited number

of predator species, should be treated with caution and that future studies employ bespoke census

techniques tomonitor predator abundance for an appropriate suite of predators.
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predation impact, predator control, predator impact, raptor, review

Introduction

In recent decades there have been widespread fluctuations in

the populations of many bird species in the UK (Eaton et al.

2006, 2007, 2008).Many species associated with farmland have

declined (Fuller et al. 1996; Siriwardena et al. 1998; Gates &

Donald 2000;Gregory et al. 2002;Gregory,Noble&Custance

2004) as have a number of woodland (Hewson et al. 2007),

urban (Summers-Smith 1999; Crick et al. 2002) and upland

species (Henderson et al. 2004b; Sim et al. 2005). These

declines have been a focus of intense research interest and gen-

eral public debate and a range of contributory factors have

been identified. Across farmland, which covers 70% of the

land area in Britain (Newton 2004), changes in agricultural

practices and their level of intensity are considered detrimental

(Chamberlain & Fuller 2000, 2001; Chamberlain et al. 2000,

2001; Newton 2004), in woodlands habitat change is impli-

cated (Fuller et al. 2005, 2007; Gill & Fuller 2007) and in the

uplands loss of managed grouse moors (Tapper 1992) and the

associated loss of habitat combined with changes in manage-

ment practices are considered important (Tharme et al. 2001).

Over a similar time frame to the documenteddecline ofmany

songbirds, waders and game birds in the UK, there has been a

general expansion in the abundance and distribution of many

of their potential predators.Raptor populations have increased

following the cessation of use of organochlorine pesticides and

a reduction in persecution (UKRWG, 2000; Baker et al. 2006).

Corvid (Baker et al. 2006; Eaton et al. 2007) and mammal

(Battersby 2005) populations have also increased partly in
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response to a relaxation in the intensity of their control as the

number of gamekeepers has declined by more than 75%

(Tapper 1992). Unsurprisingly this has led to a widespread per-

ception that predation must be contributing to some of the

observed avian population declines. This intense interest has

resulted in many published studies (Paradis et al. 2000; Thir-

good et al. 2000;Woods,McDonald&Harris 2003; Chamber-

lain, Glue & Toms 2009), reports (Henderson, Parrott &

Moore 2004a; Park et al. 2005;Gibbons et al. 2007), reviews of

the impact of predation on bird populations and the merits of

predator control (Newton 1993, 1998; Côté & Sutherland 1997;

Valkama et al. 2005; Holt et al. 2008; Park et al. 2008) and

evena recent conference (Quinn,Reynolds&Bradbury 2008).

In an ideal scenario studies might alter predation rates by

manipulating predator abundance and then record the impact

on the target prey populations, i.e. an experimental study. In

reality not all studies may be able to achieve this and studies

may have to rely on a less rigorous, opportunistic study design,

i.e. an observational study. The most convincing evidence for

any impact of predators on their prey populations will come

from experimental studies (Newton 1998), which allow a cau-

sal connection to be established between the predator popula-

tion(s) and their avian prey. By contrast, observational studies

provide evidence that is purely correlative rather than indica-

tive of a causal relationship. Therefore, across study type is a

potential decreasing gradient of evidence quality. Practically,

examining the impact of predation on a target prey population

is complex, but it is essential that detailed data are available on

predator (or a suite of predators) abundance and prey demog-

raphy (e.g. productivity, mortality and abundance), whilst

(ideally) all other limiting factors ideally remain unchanged.

Therefore, studies wishing to explore the impact of predation

on prey populations all need to define a gradient in predation

rates, which is usually done through spatial or temporal con-

trasts in the abundance of specific predators (i.e. more preda-

tors equals more predation). Even studies that employ

exclusion barriers to create areas with andwithout specific pre-

dators must provide abundance data to demonstrate that the

exclusion barriers function accordingly (e.g. Jackson 2001).

Establishing a gradient in predation rates is actually very chal-

lenging because in many instances there will be a wide range

of potential predators and data on the abundance of different

predators are likely to be of variable quality depending on the

species targeted and the monitoring methods employed.

The latter is particularly important as well-designed, national

census methods (e.g. Common Bird Census, Breeding Birds

Survey, Garden Bird Feeding Survey) or other more specific

methods used for many avian prey populations in the UKmay

not actually be especially effective for monitoring more secre-

tive predator species particularly certain raptors, corvids and

mammals. Therefore, the way in which a study defines these

gradients in predation rates is likely to have a major impact on

its outcome.

A number of previous reviews examining the impact of pre-

dation on prey populations both within and outside of the UK

(Côté & Sutherland 1997; Holt et al. 2008) have employed a

technique known as meta-analysis (Hedges & Olkin 1985).

This approach can provide a measure of the relative effect of

predation or the benefits of predator control. Meta-analysis

can also account for the influence of study design and data

quality on study outcome by weighting studies according to

variables that might be considered indicative of study quality

and employing sub-group analyses as done by both Côté &

Sutherland (1997) and Holt et al. (2008). Côté & Sutherland

(1997) examined the role of predator removal experiments in

20 studies published up to 1996 both within and outside of the

UK. The more recent review (Holt et al. 2008) considered

the effect of vertebrate predators on animal prey abundance

in theUKbut was only able to include nine peer-reviewed pub-

lications in the meta-analysis and four of these examined the

role of introduced non-native predators on avian prey popula-

tions (three of which were in island ecosystems). No published

studies included in the meta-analysis examined the potential

impact of predators on passerines in the UK. A review of the

up-to-date UK (mainland), peer-reviewed, published literature

would therefore seem timely and one that considered the

impact of predation on a range of avian prey in the UKwith a

focus on study design and the underlyingmethodologies would

be particularly relevant.

In this review, we wished to explore how the design of a

study and the way in which gradients in predation rates were

inferred might influence study outcome. To do this we first

identified studies published in the peer-reviewed literature that

examined the impact of predators on avian prey in the UK.

Next, we classified these studies according to study type, rang-

ing from experimental to observational studies conducted at a

single site. As all studies must use either spatial or temporal

contrasts in predator abundance to define a gradient in preda-

tion rates we critically reviewed the evidence on which varia-

tion in predation rates were inferred. Lastly, we explored

whether the quality of evidence on predation rates had implica-

tions for study outcome in terms of the detection of an impact

on avian prey.

Systematic literature review

This review focuses on the impact of predators on avian popu-

lations in mainland UK. We chose to omit studies that exam-

ined the impact of non-native mammals on small islands as the

impact of predators in these particular circumstances is well

documented (Craik 1997; Jackson, Fuller & Campbell 2004;

De Leon et al. 2006) but particular to the circumstances.

We also exclude any island-based studies involving colonial

seabirds due to the idiosyncratic nature of that particular study

system (Oro & Furness 2002). We restrict our review to only

those studies that have been published in scientific journals,

whereby they have undergone the peer review process. This

provides a level of quality control that is accepted within the

wider scientific community. We were interested in studies that

attempt to explore whether and how predators impact on the

dynamics of prey populations through experiments, observa-

tional studies or the retrospective analysis of long-term data

sets. We therefore exclude those studies that are either

based solely on a modelling approach and examine the

Predation and bird populations in the UK 301

� 2010 The Authors. Journal compilation � 2010 British Ecological Society, Methods in Ecology and Evolution, 1, 300–310



potential impact of a predator on an avian prey population

(e.g. Beckerman, Boots & Gaston 2007) or those studies that

use estimated population-level losses to predation through

scaled-up per capita predation rates for a specific predator,

e.g. predation by domestic cats (Baker et al. 2005, 2008). In

order to be systematic in the identification of the appropriate

published studies we conducted literature searches using key

words and phrases in the ISI web of Knowledge database

(http://apps.isiknowledge.com/) and the search engine

Google Scholar (http://scholar.google.co.uk/) up to and

including December 2008. We also used the reference

sections from published reviews (Newton 1993, 1998; Côté

& Sutherland 1997; Valkama et al. 2005; Holt et al. 2008;

Park et al. 2008) to identify additional suitable studies. Once

an identified study met with the above selection criteria it

was reviewed as an independent piece of research irrespec-

tive of the information or findings from other published

studies that had been conducted on the same species or study

system. This ensured that the approach we employed and

the information we extracted were consistent across all

reviewed studies.

REVIEW PROCESS

A number of approaches have been used to study the impact

(or potential impact) of predators on avian prey populations

(for an overview, see Newton 1998; Park et al. 2008). Themost

convincing evidence for any impact of predators on their prey

populations will come from experimental studies, whereas

observational studies provide evidence that is purely correla-

tive and those conducted at a single site rely on the local tem-

poral variation in predator abundance and as such are strongly

influenced by the circumstances associated with that study site.

Therefore, across study type is a potential decreasing gradient

of evidence quality – experimental studies, followed by quasi-

experimental, then multisite observational and finally single-

site observational studies.

We categorized each study according to its type as follows:

(i) experimental, whereby a predator population is manipu-

lated and the response of the target prey population moni-

tored. A formal control site is an essential component of this

design and for enhanced robustness a degree of replication is

required; (ii) quasi-experimental, which are similar to experi-

mental in design but typically lack formal controls and ⁄or the
random assignment of groups or treatments; (iii) observational

(multisite), involving a correlative study typically based on

concurrent data on the abundance of predator populations

and prey abundance and ⁄or key demographic parameters

(productivity & survival) across multiple sites; (iv) observa-

tional (single site), which in principle is the same as an observa-

tional study conducted across multiple sites but is only

conducted at one site. While multisite observational studies

typically utilize spatial variation in predator populations, sin-

gle-site studies utilize temporal variation in predator popula-

tions at the one site. A modelling component can be

incorporated into any of the above study types to make use of

the ecological data collected on a particular component of prey

demography to assess the potential impact of the predator(s)

on prey abundance.

It is clear that for any study to explore the impact of these

predators on their avian prey, data are required on any

changes in abundance of the predator populations under

examination. Across the UK there is evidence that many pre-

dators of birds are now widespread resulting in a community

of potential predators in any given habitat.We therefore exam-

ined the range of predators that a study covered, the methods

it used to quantify predator abundance and hence how a study

established and defined predation rates. For each study we

established: (i) the number of predators species included, i.e.

those predators that were monitored, controlled or mentioned

as potential predators; (ii) whether or not data were provided

on changes in abundance of the target predator(s); and (iii)

whether predator abundance data were collected using a cen-

sus method specifically designed for the predators (i.e.

bespoke) or via a generic method from which data were made

available. A list of all predators (common and scientific names)

that were mentioned in at least one or more of the studies is

provided in Table S1.

Assuming that the abundance of a target predator popula-

tion varies then it may impact on two aspects of prey demogra-

phy – productivity and survival (mortality), and ultimately

(potentially) on population abundance. Therefore, for each

study we identified which of these three aspects of prey demog-

raphywere studied.We classifiedmeasures of nest success, nest

survival, brood size and various measures of fledglings as a

measure of productivity. Mortality post-fledging, i.e. of fledg-

lings and adults, was classed as survival and measures relating

to population trends, such as numbers of individuals or pairs,

density estimates, abundance indices, counts of territorial

males, were considered measures of population abundance.

We then identified (as specified by the study) which aspect of

prey demography showed evidence of an impact from a change

in predator abundance.

For each published study we extracted the information

outlined above, plus study duration and scale and if predator

control was employed or not. Full descriptions of the infor-

mation extracted from the published studies are provided in

Table S2.

STATIST ICAL ANALYSES

We wished to examine how different types of study treated the

predator community. To do this, we examined how study type

might affect (i) the number of predator species included in a

study, (ii) the number of predator species for which data on

abundance were available, and (iii) the number of predator

species with abundance data collected using bespoke census

techniques. Analyses were conducted at the study level with

the above predator measures as the response variables (in turn)

in a series of log-linear regression models with a quasi-Poisson

error in a general linear modelling framework (GLM).Models

were fitted with the four categories of study type, then three

category types [experimental, quasi-experimental and

observational (multi- and single site)] and finally two categories
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[experimental (experimental and quasi-experimental) and

observational].

Next, we wished to examine how the different types of study

affected study outcome. To do this, we examined how study

type might affect the probability of detecting an impact of pre-

dation on: (i) prey productivity, (ii) population abundance,

and (iii) any measure of prey demography. Analyses were con-

ducted at the prey species level using logistic regression models

with ‘impact’ defined as a binary response variable (i.e.

whether or not a study detected an impact of predation on each

of the prey species under examination) and study specified as a

random factor (to account for repeated measures on the same

species across studies) within a general linear mixed modelling

framework (GLMM). As above, study type was categorized

using four, three and two categories.

Finally, we wished to examine whether the way in which pre-

dators were accommodated in a study influenced study out-

come. To do this, we examined how (i) the number of predator

species included in a study, (ii) the number of predator species

with data on abundance, and (iii) the number of predator

species with data collected using bespoke census techniques,

affected the probability of a study detecting an impact of pre-

dation on prey demography. Analyses were conducted at the

prey species level (on productivity, population abundance and

any measure of prey demography) using a series of logistic

regression models with ‘impact’ defined as a binary response

variable and study as a random factor in a GLMM. All analy-

ses were conducted using the statistical software R (RDCT

2005).

Results

OVERVIEW

We identified 32 published studies that met our selection crite-

ria.We included one recent experimental study from outside of

Table 1. General study information

Study Study type*

Study duration

(years) and scale Prey† Demography‡ Predator§ Predator control

Bolton et al. (2007) Exp 8, local W Pp, Pd, S C, M Yes

Chiron & Julliard (2007) Exp 3, local S Pp, Pd C, M, R Yes

Parr (1993) Exp 9, local W Pp, Pd C, M, O Yes

Summers et al. (2004) Exp 11, local G Pd C, M Yes

Tapper, Potts & Brockless (1996) Exp 8, local G Pp, Pd C, M, R, O Yes

Amar et al. (2008) Qexp 8, local W, S Pp R Yes

Baines et al. (2008) Qexp 15, local G, W, S Pp C, M, R Yes

Hill (1988) Qexp 39, local W Pp, Pd R, O Yes

Stoate & Szczur (2001) Qexp 7, local S Pp, Pd C Yes

Stoate & Szczur (2006) Qexp 12, local S Pp, Pd C, M Yes

White et al. (2008) Qexp 16, local S Pp, Pd C, M Yes

Thirgood et al. (2000) Qexp¶ 7, local G Pp, Pd, S R Yes

Baines (1996) Ob(m) 3, local ⁄ regional G Pp, Pd C Yes

Baines, Moss & Dugan (2004) Ob(m) 11, local G Pd C, R Yes

Chamberlain, Glue & Toms (2009) Ob(m) 30, national S, O Pp R No

Donald et al. (2002) Ob(m) 3, local ⁄ regional S Pd U Yes

Draycott et al. (2008) Ob(m) 14, local G Pd C, M Yes

Gooch, Baillie & Birkhead (1991) Ob(m) 20, national ⁄ regional S Pp, Pd C No

Grant et al. (1999) Ob(m) 3, local W Pd U No

Groom (1993) Ob(m) 3, local S Pp, Pd C No

Lewis et al. (2007) Ob(m) 1, regional S Pp O No

MacDonald & Bolton (2008) Ob(m) 8, local W Pd C, M Yes

Paradis et al. (2000) Ob(m) 15, national S Pd C, R No

Redpath (1991) Ob(m) 3, local G Pd R Yes

Tharme et al. (2001) Ob(m) 2, regional G, W, S Pp C, M Yes

Thomson et al. (1998) Ob(m) 30, national S Pp C, R No

Watson et al. (2007) Ob(m)¶ 2, local G Pp R Yes

Ferreras & Macdonald (1999) Ob(s) 0Æ5, local O Pp, Pd M Yes

Geer (1978) Ob(s) 2, local S Pd R No

Newton, Dale & Rothery (1997) Ob(s) 31, local S Pp R No

Parr (1992) Ob(s) 14, local W Pp, Pd C, M, O Yes

Petty et al. (2003) Ob(s) 23, local O Pp R No

Studies are grouped according to study type.

*Exp, experimental; Qexp, quasi-experimental; Ob(m), observational at multiple sites; Ob(s), observational at single sites.
†G, game birds; W, waders; S, songbirds; O, others.
‡Pp, population abundance; Pd, productivity; S, survival.
§C, corvids; M, mammals; R, raptors; O, others; U, unspecified predators.
¶Studies have a strong modelling component.
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the UK (Chiron & Julliard 2007) that had not been included in

any previous published reviews (Newton 1993, 1998; Côté &

Sutherland 1997; Holt et al. 2008; Park et al. 2008). This was

included on the grounds that it was a novel study, where the

landscape (parkland) prey species and suite of potential preda-

tors were similar to those found in the UK. Studies were con-

ducted in managed game bird systems using manipulated

predator populations to explore the impact on populations of

all native Galliformes (Tapper, Potts & Brockless 1996; Thir-

good et al. 2000), a number of wader species (Tharme et al.

2001; Amar et al. 2008) and passerines (Stoate & Szczur 2001;

White et al. 2008). Other studies controlled specific predators

that were thought to impact on certain prey species (Hill 1988;

Bolton et al. 2007).Whilst some used long-term data sets of up

to 30 years to explore the impact of fluctuating predator popu-

lations on songbird populations at both national (Thomson

et al. 1998; Chamberlain, Glue & Toms 2009) and local scales

(Newton, Dale & Rothery 1997). In all 25 different study sys-

tems were utilized and further study-specific information is

provided in Table 1. The 32 studies were comprised of five

experimental, seven quasi-experimental, 15 observational

(multisite) and five observational (single-site) studies.

PREDATORS

The potential impacts of a broad range of predators (32 spe-

cies) were studied in the reviewed publications, including cor-

vids (e.g. crow and magpie), mammals (wild mammals, e.g.

stoat and fox), raptors (e.g. sparrowhawk and hen harrier) and

others (e.g. domestic ⁄ feral cat, gull) (for study-specific details,
see Table S3). The most frequently studied species were the

fox, stoat, weasel, carrion crow, magpie and sparrowhawk.

Across the four different study types these were all well repre-

sented with the exception of the sparrowhawk, which was con-

sidered in only one experimental study (Tapper, Potts &

Brockless 1996) and no quasi-experimental studies. Despite

being frequently mentioned as important predators of song-

birds in the UK (Ruxton, Thomas & Wright 2002; Hewson

et al. 2004; Nelson, Evans & Bradbury 2005) the grey squirrel

and domestic cat were included in few studies. Twenty-eight of

the 32 studies provided ⁄used data that represented a change in

abundance for 17 of the predator species (for details, see

Table S4). Predator control was implemented in 22 studies

(Table 1) and details of the different species controlled in each

study are provided in Table S3. Predator control was found to

reduce the abundance of crows (Tapper, Potts & Brockless

1996; Tharme et al. 2001; Summers et al. 2004; Baines et al.

2008), magpies (Tapper, Potts & Brockless 1996), gulls (Hill

1988; Parr 1992, 1993) and foxes (Tapper, Potts & Brockless

1996; Baines et al. 2008). None of the studies provided evi-

dence to indicate that the implemented control programmes

reduced the abundance of mustelids or other small mammals.

However, not all studies that implemented predator control

provided evidence that control effectively reduced predator

abundance, principally because many studies monitored only

part or none of the suite of predators controlled (for details,

see Tables S3 and S4). Across the studies a range of census

techniques were employed to monitor predator abundance

and for the 17 predators where changes in abundance were

observed 14 were censused using bespoke techniques in 22

studies (Table 2). For study specific details see Table S5.

We found no compelling evidence to indicate that the num-

ber of predators included in a study and the number of preda-

tors for which a change in abundance were recorded varied

according to study type. However, there was significant evi-

dence that the number of predators monitored using bespoke

census techniques were lower in observational studies (multi-

and single site combined) than in experimental (experimental

and quasi-experimental combined) studies (coefficient: )0Æ773,
SE±0Æ371; t = )2Æ09,P = 0Æ046). For observational studies,
the mean number of predators monitored with bespoke census

techniques was 1Æ0, SE±0Æ34 and for experimental studies was

2Æ17, SE±0Æ27.

IMPACTS ON PREY

The review encompassed published studies that examined the

impact of predation across a wide range of avian prey popula-

tions. This included five species of game birds (Galliformes),

e.g. capercaillie, red grouse and grey partridge, five species of

wader (Charadriiformes), e.g. golden plover, lapwing and avo-

cet, in excess of 25 species of songbird (Passeriformes), includ-

ing finches, thrushes, tits and warblers, and a number of other

species, e.g. collared dove, coot and common kestrel. While

population abundance (23 studies) and productivity (23 stud-

ies) were relatively well studied, survival was only examined in

two studies. Evidence for an impact of predators on productiv-

ity was identified in 16 studies and on population abundance in

11. Further study-specific details relating to demographic com-

ponents studied and evidence of an impact of predation or not

are provided in Table S6 (a–d).

Our analyses revealed that study type did not significantly

affect the probability of detecting an impact of predation in a

study or more specifically on prey productivity or population

abundance (trend). Twenty-two studies employed bespoke

predator census techniques to examine the potential impact of

predation and 18 (82%) of these studies detected a predation

impact on prey productivity or abundance. By contrast, of the

10 that employed generic predator census techniques only five

(50%) detected an impact. This difference approached statisti-

cal significance (Fisher’s exact test, one-tailed, P = 0Æ078).
Our analyses provided no compelling evidence to indicate that

the number of predator species studied and how they were

censused influenced the probability of detecting any impact on

prey productivity. However, our analyses did provide strong

evidence that the probability of detecting an impact of preda-

tion on prey abundance (population trend) was positively

influenced by the number of predators studied (P = 0Æ03), the
number of predators for which abundance data were recorded

(P = 0Æ05) and the number of predator species for which

abundance was monitored using bespoke census techniques

(P = 0Æ01). Full models for each of these three findings are

shown in Table 3. The number of predators studied and the

number of predators monitored with bespoke census tech-
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niques were correlated (correlation coefficient: r = 0Æ69,
SE = 0Æ05, n = 127,P < 0Æ001).
Figure 1a and c shows the relationship between two mea-

sures of the predator species’ and the probability of detecting

an impact on prey population abundance. Both figures indi-

cate that as the number of predator species increases the proba-

bility of detecting an impact of predation on prey abundance

increases. These findings suggest that: (i) by including more

predator species in a study the probability of a study detecting

an impact on prey abundance improves, and (ii) bymonitoring

an increasing number of predator species with bespoke census

techniques in a study the probability of detecting an impact on

prey abundance improves. Therefore, as the quantity and qual-

ity of predator abundance data used to define predation gradi-

ent(s) increase, the chances of detecting a population-level

impact on prey also increase. In Fig. 1a the relationship implies

that once 10 or more predator species are included then the

probability of detecting a predation impact exceeds 90% and

in Fig. 1c including at least five predator species (censused with

bespoke techniques) results in a detection probability in excess

of 90%. While we can be reasonably confident in the shape of

the relationship when the number of predator species are rela-

tively low due to the abundance of data (see Fig. 1b and d) this

is not the case when the number of predator species is relatively

high (i.e. >6 in Fig. 1b and >3 in Fig. 1d) due to few data

from a limited number of studies upon which the relationship

is based.

Our findings imply that if you have good quality data on the

abundance of a range of predator species then you are more

likely to detect an effect (if it is there) than if you rely on oppor-

tunistic data on a smaller number of predator species. Based

on this and the relationship presented in Fig. 1c we conducted

a basic assessment of the quality of the evidence presented by

each of the studies that found no impact of predation on prey

abundance. Using the probability of a study detecting an

impact (see Fig. 1c) four grades were identified: very low

(<0Æ1), low (0Æ1–0Æ25), medium (>0Æ25–0Æ80) and high

(>0Æ80). An assessment of the quality of the evidence pre-

sented by each study is provided in Table 4. For studies that

found no impact of predation on abundance (eight studies) in

songbirds the evidence presented was typically of low or very

low quality. In game birds only two (low quality) studies found

no impact of predation on prey abundance and in waders only

three (medium quality) studies found no impact of predation

on prey abundance.

Discussion

Of the 32 reviewed studies, 23 provided some evidence of an

impact of predators on an aspect of avian prey demography.

Table 2. A summary of the number of

studies providing data on a change in

abundance and the implementation of

bespoke census techniques for each listed

predator Predator species

Number

of studies

Data for a

difference

in abundance

available

Bespoke census

technique

employed

Badger 3 0 0

Brown rat 5 0 0

Cat (Feral or domestic) 2 0 0

Fox 18 7 5

Grey squirrel 2 0 0

Hedgehog 1 0 0

Mink 3 1 1

Pine marten 2 2 1

Stoat 8 0 0

Weasel 6 0 0

Carrion crow 19 13 11

Jackdaw 2 0 0

Jay 3 1 0

Magpie 11 9 6

Raven 2 0 0

Common buzzard 3 3 2

Common kestrel 5 2 1

Goshawk 2 2 2

Hen harrier 6 5 5

Merlin 3 1 1

Peregrine 4 4 4

Sparrowhawk 8 7 3

Black-headed gull 1 1 1

Common gull 2 2 2

Great black-backed gull 1 0 0

Herring gull 1 0 0

Lesser black-backed gull 1 0 0

Studies in which an appropriate census technique was applied but inconsistently across

space or time are excluded from the third column.
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However, the overall quality of this evidence was variable com-

ing from experimental, quasi-experimental and observational

studies. We found no strong evidence to suggest that study

type significantly influenced the probability of detecting an

impact of predation. We did find strong evidence that the

probability of detecting an impact of predation on prey abun-

dance was positively influenced by the quantity and quality of

the data upon which the gradients in predation rates were

inferred.

L ITERATURE REVIEW

Our approach to identifying potential studies for inclusion in

this review utilized tried and tested approaches and literature

search engines that have been employed in previous reviews

that have examined the role of predation in prey population

dynamics (Côté & Sutherland 1997; Valkama et al. 2005;

Holt et al. 2008; Park et al. 2008). It is of course feasible that

we may have overlooked some publications but this will be

minimized by also employing a strategy of searching refer-

ence sections from identified studies and previous reviews.

We included only those studies that met certain criteria

including publication in a peer-reviewed journal. While this

will have excluded a number of studies it provides a consis-

tent measure of quality control and acceptance regarding the

methodologies and statistical analyses employed by the stud-

ies within the wider scientific community. Studies that are

likely to have been excluded, on these grounds, include those

published as reports, certain conference proceedings, PhD

theses, commissioned reviews and general and technical

reports. Numerous examples of these are provided in recent

comprehensive reviews (Park et al. 2005; Gibbons et al.

2007). A potential concern associated with any review of a

particular topic is that it does not provide a realistic repre-

sentation of the research conducted due to the potential for

Table 3. The logistic regression models used to explore the influence

of (a) the number of predator species studied, (b) the number of

predator species for which abundance data were collected and (c) the

number of predator species for which abundance data were collected

using bespoke census techniques, on the probability of detecting a

predation impact on prey population abundance

Variable Estimate (SE) Z-value P-value

(a)

Intercept )4Æ468 (1Æ53) )2Æ91 <0Æ01
No. predator

species studied

0Æ663 (0Æ31) 2Æ14 0Æ03

(b)

Intercept )4Æ592 (1Æ68) )2Æ74 0Æ01
No. predator species

with abundance data

1Æ486 (0Æ76) 1Æ95 0Æ05

(c)

Intercept )3Æ86 (1Æ13) )3Æ40 <0Æ01
No. predator species

monitored using bespoke

census methods

1Æ33 (0Æ53) 2Æ52 0Æ01
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Fig. 1. The relationship between the probability of detecting an impact of predation on the abundance of a prey species and (a) the number of

predator species studied and (c) the number of predator species for which abundance data were collected using bespoke census techniques. The

models used to generate the figures are models (a) and (c) in Table 3. (b) and (d) provide a summary of the raw data upon which the modelled

relationships are based and in each figure the sum of the frequencies represents the total number of prey species for which abundance was studied

in the 32 reviewed studies (n = 115). These are presented in two categories – impact detected and no impact detected.
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a bias in the published research findings, i.e. there is a bias

in favour of publishing research that demonstrates a positive

result. In this review of predation and its impact on bird

populations in the UK we suggest that this is of little con-

cern because identifying or not identifying an impact are of

equal importance when understanding this issue, hence equal

support should be given to the publication of both results. It

therefore seems unlikely that there will be a bias in favour of

those studies that identified an impact of predation in the

published studies reviewed.

THE STUDIES

Our review indicates that for every one experimental ⁄quasi-
experimental study around two observational studies have

been conducted. Exactly why this is the case is unclear, but it

could be that observational studies utilized either readily avail-

able data or data that could have been collected with minimal

logistical and financial investment and were hence easier to

conduct. By contrast, studies that involved an experimen-

tal ⁄quasi-experimental component were less frequently con-

ducted as they were likely to be logistically and financially

more demanding to implement. This is illustrated by the seven

quasi-experimental studies, which were conducted in only

three different study systems, maximizing the research returns

from the investmentsmade.

PREDATORS

The potential impact of both common, widespread and less

common, localized predators of nest contents, fledglings and

adults was examined in the reviewed studies. Across study

types, corvids andmammals werewell represented, but raptors

were largely restricted to observational studies. This imbalance

ismore than likely a reflection of the protected status of raptors

in the UK and hence their exclusion from studies where preda-

tor populations were manipulated through lethal control, e.g.

all experimental studies. By contrast, corvids and some mam-

mals can legally be controlled and effective methods are well

known. In addition a reduction in the illegal persecution of

raptors in the UK, which was common last century (UKRWG

2000), has led to the local recovery of certain raptor popula-

tions on moorland which has allowed their impact on popula-

tions of moorland birds to be explored in a limited number of

quasi-experimental studies.

While numerous predators were often included in the differ-

ent studies, data on a change in abundance were available for

around half the listed predator species and for only 14 of these

were bespoke census techniques employed in 22 studies. By

comparison, reliable population abundance data were avail-

able for>35 prey species implying that considerably less effort

is expended when monitoring predator populations compared

with prey populations across the reviewed studies. This is

Table 4. An assessment of the quality of the

evidence presented by studies that found no

impact of predation on prey abundance

Studied

predator type

Bespoke censused

predator type

Predation

impact

Quality

of evidence Study

(a)

C – No Very low Baines (1996)

R R No* Low Thirgood et al. (2000)

(b)

R R No Medium Amar et al. (2008)

C, M, O C, M, O No Medium Parr (1992)

C, M, O C, M, O No Medium Parr (1993)

(c)

C, M, R C No Low Chiron & Julliard (2007)

C – No Very low Gooch, Baillie &

Birkhead (1991)

C C No Low Groom (1993)

O – No Very low Lewis et al. (2007)

R R No Low Newton, Dale &

Rothery (1997)

C, M C No Low Stoate & Szczur (2001)

C, M C, R No Medium Tharme et al. (2001)

C, R – No Very low Thomson et al. (1998)

(d)

R – No Very low Chamberlain, Glue &

Toms (2009)

This is based on the quality of the underlying data upon which a gradient in predation

rates is inferred (i.e. the number of bespoke censused predator species) and its influence

on the probability of detecting a predation impact. Based on the probability of a study

detecting an impact (see Fig. 1c) four grades were identified: very low (<0Æ1), low (0Æ1–
0Æ25), medium (>0Æ25–0Æ80) and high (>0Æ80). Studies are grouped according to prey (a)

game birds, (b) waders, (c) songbirds and (d) others. The types of predators included in

the study are C, corvids; M, mammals; R, raptors; O, others.

*In this study an impact of predation on prey abundance was identified but only through

modelling the potential impact of an observed impact of predator abundance on prey sur-

vival.
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emphasized by studies that implemented (or took advantage

of) a predator control programme and either assumed that

control reduced the local abundance of all controlled predator

species, ormonitored only part of the suite of controlled preda-

tors and assumed that all controlled predators responded in

the sameway.Our analyses indicated that the inadequatemon-

itoring of predator populations wasmost prevalent in observa-

tional studies. As a generalization these studies may therefore

possibly be based on either (i) an assumption that the popula-

tion of certain predators has changed or (ii) poor quality data

that may inaccurately represent any genuine spatial or tempo-

ral change in predator abundance and hence predation pres-

sure. Note that this is a generalization and does not apply to all

observational studies as some conducted bespoke censuses for

the predators included in the study.

IMPACTS ON PREY

Our assessment of the quality of the evidence presented by

studies which found no impact of predation on songbird abun-

dance typically graded this evidence as low or very low quality

(see Table 4). For these studies this raises the issue of whether

or not a null result is believable based on the evidence pre-

sented. Belowwe discuss this further.

We found that by includingmore predator species in a study

the probability of detecting an impact on prey abundance

improves. We suggest that this may arise through either an

increased chance of the study including predator species that

exhibit a genuine change in predation rates or that the com-

bined predation impact by multiple predator species may be

more readily detectable than that of a single species. Monitor-

ing an increasing number of predator species with bespoke cen-

sus techniques also increased the probability of detecting an

impact on prey abundance. This may arise through a study

identifying and including true representations of changes in

predation rates across a suite of predators. Typically, experi-

mental studies include more, well-censused predators than

observational studies and the findings from experimental stud-

ies are considered to be more plausible than those from single-

site observational studies. Together these imply that if you

have good quality data on the abundance of a range of preda-

tor species, particularly from different sites, then you are

potentially more likely to correctly identify differences in pre-

dation pressure and thereby improve the probability of detect-

ing an effect (if it is there) than if you rely on opportunistic

data on a smaller number of predator species. In the latter sce-

nario the chances of a type II error must be increased, i.e.

accepting the null hypothesis of no impact of predation when

the opposite is actually true. Therefore, we suggest that we

should be sceptical about observational studies that use oppor-

tunistic predator data particularly if they are claiming to have

found no evidence of an impact of predation on population

trends. In such cases, the burden of proof should be on studies

to show that their methods for describing spatial or temporal

differences in predator abundance (and hence predation pres-

sure) are appropriate for the predators concerned. This is par-

ticularly relevant to some of the observational (multi- and

single site) studies of songbirds. By contrast, for studies where

high-quality data on a range of predators are used, then the

likelihood of detecting a population-level impact is very high.

However, as indicated in the results this is based on only one

study where an impact of a large number of bespoke censused

predators (i.e. ‡4) on prey abundance were examined.

Finally, we suggest that future studies which intend to

explore the impact of predation on avian prey populations in

the UK employ bespoke census techniques to monitor preda-

tor abundance and consider including all appropriate wide-

spread and local predators (i.e. a suite of predators where

appropriate) in order to maximize the potential of detecting a

predator impact if it exists. The latter point is of particular rel-

evance today with the re-establishment of a community of

predators across the UK, potentially resulting in prey popula-

tions experiencing a cumulative predation impact by multiple

predator species rather than a single predator species in isola-

tion.
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