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Abstract Birds feeding on landfill sites cause problems

in terms of nuisance to neighbors, flight safety, a threat to

public health, and affecting the day to day site operation.

A number of control measures exist to deter problem

species; however, research into their effectiveness across

sites and for multiple species has been limited. We use a

modeling approach in order to assess the effectiveness of

nine techniques — pyrotechnics, hand-held distress calls,

static distress calls, blank ammunition, a combination of

blank and lethal use of ammunition, the use of falcons, the

use of hawks, wailers and helium-filled bird-scaring kites

— at deterring three commonly recorded species — the

Black-headed Gull (Larus ridibundus), the Herring Gull

(Larus argentatus) and the Lesser Black-backed Gull

(Larus fuscus) — from six landfill sites across the United

Kingdom. The use of distress calls, falconry, and combi-

nations of lethal and nonlethal use of ammunition were the

most effective techniques for initially deterring birds from

these sites. However, when habituation is considered, there

is a clear difference between techniques such as falconry,

which have a lethal aspect and may act to reinforce the

deterrence, and the use of techniques such as distress calls,

which do not. However there are problems related to leg-

islation and public perception when lethal techniques are

used.

Keywords Landfill � Pest control � Gull � Larus �
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Introduction

Landfill sites often host feeding assemblages consisting of

a large number of birds of a relatively small range of

species, notably gulls. These feeding assemblages pose a

number of problems, both economically and to public

health, within a landscape context.

Gulls pose a risk to aircraft (Blokpoel 1976; Burger

2001; Baxter 2003) and can interfere with the daily

operation of landfill sites. In addition they have been

found to carry a range of pathogens, harmful to both

humans and livestock, such as Salmonella (Monaghan

and others 1985; Ferns and Mudge 2000; Palmgren and

others 2006), Campylobacter (Broman and others 2002),

the avian flu virus H5N1 (Ellis and others 2004),

Esherichia coli 0157 (Wallace and others 1997), and the

infectious bursal disease virus (Hollmen and others

2000). Given the large number of birds gathering at these

sites and their subsequent dispersal throughout the land-

scape, the potential for large scale transmission of disease

is great.

The annual cost of bird control at a site in the United

Kingdom can range between US $65–120 000, depending

on the scale and methods used (Allan 2002). Given the

expense and the potential problems associated with the

presence of gulls on landfill sites, it is important to

investigate the effectiveness and limitations associated

with a range of different control techniques. These tech-

niques can be split into two groups, those that involve

large-scale population reduction, removing the problem

permanently, and those that merely aim to deter birds.
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A number of large-scale culls of gulls have been

attempted (i.e., Bosch and others 2000; Guillemette and

Brousseau 2001; Finney and others 2003). However,

attempts at controlling populations at a large scale have

often failed due to the immigration of individuals from

neighboring populations and the need to apply the

methods consistently across the whole population and

dispersal of individuals within the landscape (Bosch and

others 2000). Such large scale population control is also

often controversial and may encounter legal obstacles,

e.g., bird protection legislation.

While many studies have looked at the impacts of lethal

control at a population level, few have looked at the

impacts on bird abundance at individual sites. John F

Kennedy Airport in New York, United States, initiated a

program of shooting gulls flying over its runways in 1991

(Dolbeer and others 1993). This was highly successful in

reducing the number of bird strikes with aircraft. However,

there has been some debate as to whether the mechanism

for this reduction is the deterrent effect of the shooting or

an overall reduction in population size (Brown and others

2001).

Other tactics have also been used to deter birds from

problem areas. Some of these, such as the use of birds of

prey (summarized by Ericson and others 1990) have a

limited lethal aspect, but have proven to be highly

effective at keeping problem species away from areas

such as airports (i.e., Blokpoel 1977). However, there are

a number of limitations on their usage, such as cost and

the prevailing climatic conditions. A number of nonlethal

control techniques have also been developed. These

include distress calls (i.e., Delwiche and others 2005),

lasers (Gorenzel and others 2002), pyrotechnics (Olijynk

and Brown 1999), fogging (Vogt 1997) and mylar flags

(Belant and Ickes 1997). All studies found that while

these techniques could be effective in dispersing flocks of

birds causing a problem, they were subject to varying

degrees of habituation, where birds become accustomed

to, and subsequently ignore, the intervention (Bomford

and O’Brien 1990; Andelt and Hopper 1996; Olijynk and

Brown 1999).

In order to compare the efficacy of a range of control

methods, it is important to examine their effectiveness at a

range of sites. While studies investigating the effectiveness

of these control methods have been compared (Gilsdorf

and others 2002), no single study had examined the

application of multiple techniques to multiple sites. Using a

combined field observational and modeling approach, this

study examines the responses of three species — the

Herring Gull (Larus argentatus), the Lesser Black-backed

Gull (Larus fuscus), and the Black-headed gull (Larus

ridibundus) — to a variety of control methods at six landfill

sites in the United Kingdom.

Methods

Count data from the six United Kingdom landfill sites

shown in Fig. 1 were collected between 1999 and 2001.

Regular supplies of domestic waste were deposited at each

site (at least 250,000 tons per annum). The sites were

characterized by being on the edge of towns and sur-

rounded by large areas of farm and grass land.

During the study period, the numbers of Herring, Lesser

Black-backed, and Black-headed Gulls feeding or loafing

on the sites were recorded at hourly intervals on twice

weekly, randomly selected sampling days either between

dawn and midday or midday and dusk for a minimum of

six hours on each occasion. Nine different control tech-

niques, which are either routinely used on landfill sites or

marketed for use on them, were instigated at these sites

during the study period. However, these techniques were

not applied equally across all sites and months (Tables 1

and 2) and this unbalanced design has implications for the

analysis.

Each trial consisted of a pre-trial monitoring period of

up to four weeks, followed by the implementation of a

control technique independently for a period of up to

12 weeks, or until the birds failed to respond to the

deterrence. This was confirmed by a morning or afternoon

of consistent nil response by the target birds to the control

measure.

Trials were conducted as follows: Where bird-scaring

kites were used, three were deployed over the site for the

study period. Pyrotechnics and distress calls were deployed

‘‘on demand’’ when birds were seen attempting to land.

Fig. 1 Locations of landfill sites used in study
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However, due to economic considerations, the use of

pyrotechnics was limited to a maximum of once every

15 minutes. The distress calls of Black-headed Gulls and

Herring Gulls were used depending on which species

constituted the majority of the count. Where this was the

Lesser Black-backed Gull, Herring Gull distress calls were

used.

In trials of falcons, hawks, and the lethal use of

ammunition, gulls were targeted under Schedule 2 of the

1981 UK Wildlife and Countryside Act (as amended).

Specific licenses were held under section 16 of the Act

(WLF100085) for targeting Black-headed gulls. All hawks

and falcons used in these studies were registered with the

UK Department for Environment, Food and Rural Affairs

under license 14008. Any carcasses were removed from the

site. Up to three hawks or falcons were used at each site,

although they were always flown independently. Their

deployment was predominantly limited by weather, with

hawks not flown in winds[33 km/h and falcons not flown

in winds [46 km/h. Neither was flown during rain or fog.

The resulting data were used to construct a series of

linear mixed-effects models for each trial period using the

nlme extension in R (Ihake and Gentleman 1996). This

method has the advantage of making a parsimonious model

allowing cross-species comparisons, while also allowing

the analysis of unbalanced data. By treating variables, such

as species, as random effects, fewer degrees of freedom are

used as the individual intercepts and coefficients for each

species are treated as deviations from the mean population

(Pinheiro and Bates 2000).

In order to normalize the count data it was log trans-

formed and assessed using a quantile-quantile plot.

Species, the presence of control, time of day, and day

number were included in the full model as fixed effects. In

addition, interactions between control and time, species,

and day number were considered. Time was sine- and

cosine-transformed in order to take account of the daily

variation in behavior displayed by the study species.

Control, species, and day number were also included in the

full model as random effects. An AR(1) correlation struc-

ture, where adjacent observations have a higher correlation

than nonadjacent observations, was included in the model

to account for temporal autocorrelation. The models were

constructed by dropping each factor sequentially and

Table 1 The distribution of trials throughout the study period by site and control technique

Hawks Falcons Distress

calls

Helium-

filled kites

Blank

ammunition

Pyrotechnics Wailers Static

distress

Blank and lethal

ammunition

Total trials

at site

Peckfield 2 3 2 1 1 9

Pilsworth 1 2 2 1 1 1 6

Heathfield 1 1 1 1 1 1 6

Whitehead 2 2 2 1 7

Erin 1 1 1 1 1 5

Risley 1 1 1 3

Number of trials for

each technique

7 10 9 3 4 1 1 1 2 36

Table 2 Distribution of trials in each month and year, where trials of the same technique ran concurrently, number of trials indicated in

parentheses

Method January February March April May June July August September October November December

Hawks 2000 1999 2000 2000 1999 1999,

2000

Falcons 2000,

2001

2001 2000 2000 1999,

2000

1999(2),

2000

Distress calls 2000,

2001

2000 1999,

2000

1999 2000(2) 1999

Bird scaring kites 1999 1999 1999

Blank ammunition 2000(2) 2000(2)

Pyrotechnics 2000

Wailers 2000

Static distress calls 2000

Blank and lethal

ammunition

2001 2001

836 Environmental Management (2008) 41:834–843
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comparing the resulting model to the full model using a

likelihood ratio test. When the two models differed sig-

nificantly, the one with the lowest Aikaike Information

Criterion (AIC) was chosen (Burnham and Anderson

1998). When comparing models in which the fixed effects

differed, maximum likelihood (ML) was used, as com-

paring models in which the fixed effects vary using

restricted maximum likelihood (REML) produces results

which are not interpretable (Pinheiro and Bates 2000). For

all other models REML was used.

The final most parsimonious models were assessed for

temporal autocorrelation, and checked, using quantile-

quantile plots and plots of fitted against observed values, to

ensure assumptions of normality were met. The parameters

were then used to calculate the initial effectiveness of each

control method, as well as the rate at which the study

species habituated to each technique. The initial effec-

tiveness of each technique was taken as being the

percentage drop in the number of birds present at

1200 hours, on the day before and the day after control

commenced. The degree of habituation to each technique

was taken as the gradient of the slope of the fitted values

between the commencement of the control and the end of

the study period. The effects of month and trial number on

both the initial effectiveness and degree of habituation

were then investigated for each species using a linear

regression. Month was sine- and cosine-transformed in

order to allow for seasonal variation in the behavior of the

study species. The effects of site were investigated using

analysis of variance. All analyses were conducted in

R (R Development Core Team 2005).

Results

The number of gulls present on the landfill sites peaked

around midday; the mean and maximum numbers of each

species present at this time with no control present are

shown in Table 3. The length of the trials varied from

18 days for the helium-filled kites at Heathfield to

128 days for falcons at Whitehead (Table 4). In trials of

control with a lethal aspect, 322 gulls were shot, 31 were

taken by falcons, and 12 were caught by hawks. In addi-

tion, 315 corvids were shot, 106 corvids and other birds

were taken by falcons, and 57 corvids and other birds were

taken by hawks. There was a great deal of variation in the

initial change in gull numbers at the start of control;

however this did not differ significantly between sites

(Fig. 2, p [ 0.05) and most of the variation is likely to be

due to differences between techniques and the effects of the

covariates.

The most parsimonious models considered day nested

within species as random effects. All models met

assumptions of normality and showed little or no evidence

of temporal autocorrelation. The most parsimonious mod-

els are presented here (Table 4). In all but 6 trials, the

application of control had a significant effect on the num-

ber of birds present. Hand held distress calls, blank

ammunition, and falcons all failed to have an effect on one

of the occasions on which they were deployed; however,

helium-filled bird-scaring kites failed to have a significant

effect on any of the 3 occasions on which they were

deployed (Table 4).

The patterns of bird abundance during the trial periods

could generally be fit into one of three categories. The first

of these is illustrated by the use of falcons at Pilsworth

Landfill Site (Fig. 3a and b). Here, while the number of

gulls on the site was declining initially, the introduction of

falcons on day 28 caused a greater decline. The number of

birds recorded at the site then continued to drop for the

duration of the trial. The use of helium-filled bird-scaring

kites at Heathfield landfill site illustrates a second category

(Fig. 4a and b). Here, numbers remain relatively constant,

both before control was introduced and while it was

applied. In cases like this, control had little or no impact on

the number of birds recorded, and the majority of variation

observed in bird numbers resulted from diurnal patterns

(Table 4). In the final category, the number of birds

observed dropped following the commencement of control

measures, as seen when pyrotechnics were deployed at

Table 3 Mean and maximum numbers of each gull species observed at study sites at 12 noon

Herring gull Black headed gull Lesser black-backed gull

Mean Maximum Mean Maximum Mean Maximum

Peckfield 17.09 (+/-3.48) 490 165.22 (+/-21.95) 2450 26.40 (+/-4.05) 583

Pilsworth 53.88 (+/-11.81) 1900 69.40 (+/-12.33) 1150 196.53 (+/-26.27) 3154

Whitehead 80.75 (+/-17.04) 1425 119.18 (+/-16.90) 1310 64.45 (+/-10.56) 1395

Heathfield 2074.67 (+/-159.21) 7450 456.23 (+/-63.92) 3250 3.13 (+/-0.47) 32

Erin 50.89 (+/-13.96) 1238 151.63 (+/-35.72) 3700 94.39 (+/-16.31) 1302

Risley 39.76 (+/-14.99) 2050 49.63 (+/-11.84) 1360 24.17 (+/-5.46) 542

For mean values, Standard Errors shown in parentheses

Environmental Management (2008) 41:834–843 837
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Heathfield landfill site (Fig. 5a and b). The number of birds

recorded, after control measures were introduced for the

first time, then began to rise for the remainder of the trial.

The initial effectiveness (Fig. 6) and rate of habituation

(Fig. 7) for each technique varied greatly, both within and

between methods, and some of this variation will be

explained by the model covariates. For all 3 species, dis-

tress calls and falcons produced large initial decreases. The

use of static distress calls and pyrotechnics also produced

large decreases among all three species. These results

should be treated with caution as they are based on trials at

a single location. Hawks, helium-filled bird-scaring kites,

and wailers were the least effective of the control tech-

niques included in the study. However, hawks showed a

large amount of variation in their effectiveness and the

results for wailers are based on a single trial. When

ammunition was used, blanks were sufficient to disperse

Herring Gulls; however, Lesser Black-backed and

Black-headed Gulls required the reinforcement of some

lethal control.

A significant interaction between control and species was

recorded in 9 of the trials (Table 4). This indicates that there

were inter-specific differences in the response of the birds to

control. In the trials of blank ammunition and a trial of dis-

tress calls at Whitehead, falcons at Heathfield, and wailers at

Pilsworth, these relationships were negative, indicating that

Herring Gulls were most affected by the control. In a second

trial of distress calls at Whitehead and one at Heathfield, the

relationship was positive. This was also the case in trials of

falcons at Pilsworth, hawks at Whitehead, and pyrotechnics

at Heathfield, indicating that in these cases Black-headed

Gulls were most affected by control.

The control techniques can be split into 2 groups with

regards to the rate of habituation: those that increase in

effectiveness over time, and those that decrease in effec-

tiveness over time (Fig. 7). Falcons, hawks, ammunition,
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and static distress calls all showed negative gradients of

bird abundance between the start and end of control,

indicating that these methods improve in effectiveness over

the study period. Again, however, it should be noted that

these vary greatly, and that the static distress values are

based on the results of a single trial. The remaining tech-

niques all had a positive gradient between the start and end

of control, indicating that they are becoming less effective

over time.

Discussion

Of the techniques trialed on more than one occasion, hand

held distress calls, the use of falcons, and both lethal and

nonlethal use of ammunition had the greatest initial effect.

Of these, the use of falcons, distress calls, and a combi-

nation of lethal and nonlethal use of ammunition were the

most consistent and effective techniques. While distress

calls were effective at dispersing all 3 species initially,

birds became habituated to the technique. Lethal tech-

niques, such as the use of falcons and ammunition, which

reinforce visual and audio cues with the occasional death of

individuals, have the opposite effect on habituation and

more gulls were deterred as the trial progressed.

There was a difference between the response of the

study species to hawks and to falcons. At first glance, this

may seem surprising. However, falcons are more success-

ful at capturing gulls than hawks (Baxter and Allan 2006).

In addition, falcons tend to fly faster than hawks (Cramp

and Simmons 1980) and the gulls may be able to outpace

hawks, and therefore do not need to respond as quickly as

they do to escape falcons. Two trials involving falcons, and

one involving hawks, showed inter-specific differences in

response to control, likely to result from differences in

response to predators. Black-headed gulls showed lower

initial decreases in response relative to those shown by

both Herring and Lesser Black-backed Gulls. This may be

a size related difference as response to predators is posi-

tively correlated with an individual’s body mass

(Fernandez-Juricic and others 2006), with smaller birds,

such as the Black-headed Gull, being more agile, and thus

able to escape predators more easily.

Distress calls have been widely used to control problem

species (i.e., Andelt and Hopper 1996; Baxter 2000; Del-

wiche and others 2005). As a control, distress calls are

often only of use for a limited period due to the effects of

habituation. In addition, it is important to use the correct

call. In this study distress calls were more effective at

reducing the numbers of Black-headed Gulls and Herring

Gulls than they were at reducing Lesser Black-backed

Gulls. These differences may be due to the specific nature

of distress calls (Boudreau 1968).

The use of pyrotechnics and static distress calls both had

promising results for all three species. However, these are

based on single trials, and, as such, further investigation is

required before any firm conclusions can be drawn on their

general effectiveness. Evidence from previous trials at

roost sites provided mixed results (Gosler and others 1995;

Olijnyk and Brown 1999). While pyrotechnics can be

successful at dispersing gulls from roost sites in combi-

nation with distress calls (Gosler and others 1995), this

relies on the presence of alternative roost sites nearby in

order to be effective. When used in isolation over a period

of years, pyrotechnics do not reduce the number of gulls at

a roost, as a result of habituation (Olijnyk and Brown

1999). A number of studies have found that rotating the use

and location of scaring devices, such as pyrotechnics,
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propane cannons, and distress calls, as well as limiting their

use to critical times, reduces the rate of habituation

(Littauer and others 1997; Reinhold and Sloan 1997;

Stevens and others 2000; Ronconi and others 2004;

Ronconi and St. Clair 2006).

Of the nonlethal techniques considered in this study,

audible deterrents, such as distress calls, are more effective

than purely visual methods, such as helium-filled bird-

scaring kites. Other visual deterrents, such as mylar flags

(Belant and Ickes 1997) and models of birds of prey

(Conover 1979; Ronconi and St. Clair 2006), have also

proved ineffective at deterring problem species. Even when

combined with more effective techniques, purely visual

stimuli have little impact on problem species (Ronconi and

St. Clair 2006).

The number of organizations offering pest control, and

in particular control of avian pests, has increased dramat-

ically in recent years in the United Kingdom (BPCA 2006).

However, as a result of the difficulties associated with

conducting studies on large industrial sites, the focus has

tended to be on a limited number of techniques on single

sites and the results are often limited to the ‘‘grey’’ litera-

ture. In order to identify effective pest management

techniques, it is important to collect data from multiple

trials at multiple sites. This study illustrates the advantages

of a modeling approach for dealing with the complex data

that often arises from such a study.

When developing a control strategy, factors other than

the effectiveness of any techniques need to be taken into

consideration, such as public perception. Control of prob-

lem species has long been a contentious subject in

ornithology (Grinnell 1932; McAtee 1933), and techniques

with a lethal aspect are particularly controversial. Recently,

however, there has been some acceptance by the public, of

the need to control problem species and populations. This

is especially true when there is a wider understanding of

the nature of the problem (White and Whiting 2000; Barr

and others 2002). There are also legal implications to

consider. General licenses issued in the United Kingdom

under the 1981 wildlife and countryside act do not permit

the killing of the Black-headed Gull, one of the most

commonly observed species on landfill sites and, as for this

study, a special license must be obtained. In addition, there

are limits imposed on the use of audible deterrents as a

result of the 1990 environmental protection act, which has

been used to prevent farmers from using such scarers

(National Farmers Union 2005). As a result, the legality of

any control measures must be taken into account when

considering a management strategy on landfill sites.

Using a combination of the techniques that were found

to be successful in this study will maximize the effective-

ness of pest management schemes. We believe that it is

important to both rotate the techniques used, and to use

them in combination in order to minimize the effects of

habituation. This study found that distress calls, falcons,

and especially lethal and nonlethal use of ammunition were

particularly effective at deterring problem species from

landfill sites. However, distress calls were subject to

habituation, suggesting that their usage should be limited

and strictly on demand. They do, however, remain neces-

sary as constraints imposed by public perception,

legislation, and climatic conditions are likely to limit the

use of more effective techniques, such as falconry, which

involves the death of individual birds.
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