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Abstract: Weeds, pathogens, and animal pests are among the pests that pose a threat to the produc-
tivity of crops meant for human consumption. Bird-caused crop losses pose a serious and costly
challenge for farmers. This work presents a survey on bird deterrent solutions for crop protection.
It first introduces the related concepts. Then, it provides an extensive review and categorization
of existing methods, techniques, and related studies. Further, their strengths and limitations are
discussed. Based on this review, current gaps are identified, and strategies for future research
are proposed.
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1. Introduction

Pests, especially weeds, pathogens, and animal pests, pose a threat to the productivity
of human-consumable crops. Bird-caused losses to fruit crops pose significant and expen-
sive problems for farmers. Estimates on potential and actual losses caused by different
bird species were discussed in a study carried out in Sweden between 2000 and 2015 [1].
During those years, there were 2194 complaints of crop damage, corresponding to a total
loss of approximately 34,500 tons of various crops. The bird species that caused the most
damage were, in order of the percentage of total losses from highest to lowest, the common
crane (Grus grus) (33.7%), the barnacle goose (Branta leucopsis) (33.5%), the greylag goose
(Anser anser) (26.6%), the bean goose (Anser fabalis fabalis) (2.6%), and the whooper swan
(Cygnus cygnus) (2.2%). The remaining 1.4% of the total losses were caused by other birds.

Another study [2] aimed at finding out which bird species were directly related
to crop damage. Visual damage was collected on 60 randomly selected plants: 12 at
each cardinal point and 12 inland in New York State. It was focused on four different
crops from 81 field locations: sweet cherry—23; blueberry—12; apple—24; and
vine—22. Damages were estimated at 2.3% for apple fields, 3.6% for grapes, 22% for blueber-
ries, and 26.8% for sweet cherries. In addition, surveys were also conducted on farmers with
those crops via the Internet, mail, and telephone in New York, Michigan, Washington, Ore-
gon, and California. New York farmers alone pointed out that, all together, they lose about
$6.6 million per year and that 65.6% of them are taking measures to scare the birds away.
Half of the farmers confirmed that birds are the biggest factor in crop loss.

A study conducted in Poland [3] concluded that, in the years 1974 and 1980, 22% and
16%, respectively, of cherry crops were destroyed by sturnids (Sturnidae). The same study
also conducted another survey in four districts of Poland aimed at all crops. In Gdansk,
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471 surveys were filled out, of which 27% stated with certainty that their fields were dam-
aged by rooks (Corvus frugilegus), and 59% had suspicions that the damage that appeared
on their crops was also caused by rooks. In Warsaw, 51% of 378 questionnaire respondents
were certain that they had damage caused by rooks. In Kielee, 56% of 351 questionnaire
respondents reported damage, and, in Wroclaw, 58% of 276 questionnaire respondents also
confirmed damage caused by rooks. In that same survey, overall bird damage was also
collected for four crops: wheat, oats, corn, and barley. In the four districts, corn losses
ranged from 22% to 32%, wheat losses from 10% to 13%, barley losses from 3 to 18%, and
oat losses from 8 to 15%.

These results highlight the importance of applying bird deterrent techniques to min-
imize crop loss due to bird damage. These techniques can be classified into six major
groups. Visual techniques activate a trigger in the bird through a visual stimulus. Auditory
techniques activate a trigger in the bird through an auditory stimulus. Chemical methods
use chemical agents to cause discomfort or to kill the birds. Exclusion methods consist of
simply creating a physical barrier so that the birds cannot get to a certain area. Habitat
modification is when the farmer changes the factors that birds like about that environment
so that it is pleasant for them to look elsewhere. Removal methods consist of forcibly
removing birds from a certain environment, either by trapping or killing them.

Although many deterrent techniques based on these concepts have been tested with
success, there is a lack of a systemic approach to bird management. This work aims to
study and discuss challenges and opportunities for improvements in the methods and
techniques that have been used as bird deterrents for crop protection. It is organized as
follows: Sections 2-8 describe the different methods and techniques used as bird deterrent
solutions. Section 9 highlights the gaps and identifies trends for future research in the area.
Finally, Section 10 presents the conclusions.

2. Visual Deterrents

Visual deterrents present a visual stimulus to the birds that can trigger fear or curiosity.
The dangerous feeling can be triggered by a real or simulated predator. In the case of real
predators, this can lead to birds” deaths. By contrast, there can be the use of something
birds are not familiar with, such as scarecrows, dyes, lights, reflecting tape, optical gel,
kites, balloons, or others. Some of these visual repellents can incorporate audio deterrents
as well.

2.1. Scarecrows

Scarecrows, shown in Figure 1a, are the oldest bird deterrent approach [4,5]. Most
scarecrows are human-like effigies usually made from inexpensive materials like grain
sacks or old clothes filled with straw. The more realistic the facial and body shape, the
more effective scarecrows are likely to be. They can be more detectable if they are painted
in bright colors [6]. Commercially made scarecrows are also available to purchase, such as
the Scarey Man mannequin [7,8]. It is a 56 inflatable scarecrow operated via a 12 V battery
with an autonomy of 14 days, which inflates intermittently for 25 s every 18 min. It can be
equipped with an LED light to illuminate the interior of the scarecrow and a speaker to
emit sounds. This can be operated separately from the pump used to inflate it.

By imitating the form of a predator—human or other bird—the scarecrows cause the
bird to awaken the instinct to fly to escape from a predator. The more real the scarecrow is
visually, aurally, and in actions (i.e., movement), the more effective it will be.

Scarecrow-type devices are considered ineffective when used alone or effective only
when used for a short period of time, because birds can get used to visual stimuli [9-14].
In [5,15,16], it was concluded that the effectiveness is improved if they are relocated every
2 to 3 days. Scarecrows that move and are used in conjunction with other devices are much
more effective than those that stand still and are used alone. In [17], a mannequin was
used to scare oriental turtledoves (Streptopelia orientalis). It proved to be more effective
than tests performed with homemade scarecrows or kites. More recently, some scarecrows
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with pop-up systems have begun to appear. Nomsen [18] reported that a human-shaped
mannequin activated with a dual propane cannon system was quite successful at scaring
off blackbirds (Turdus merula) within four to six acres in a sunflower field. Ducks and geese
were also found to be more easily frightened than blackbirds by this system. Naggiar [19]
concluded that some bird scarecrows are completely ineffective, whether static or mobile,
in an experiment done on waders (Charadriiformes). After only two hours, the birds were
already habituated.

Reflective/Holographic

Scare Tape

(d) (e) (f)

Figure 1. Visual deterrents: (a) scarecrows; (b) reflecting tape; (c) hawk balloons; (d) aircraft; (e) RC
aircraft; (f) lights.

2.2. Reflectors and Reflecting Tape

Reflective tape, shown in Figure 1b, is a rubber band composed of three layers: one
side is a sheet of silver metal, and the other side is colored with a synthetic resin [20].
This tape emits flashes of light when the light hits it and produces some sounds when
the wind hits it. Because of the noise and reflection, this type of tape is often found in
agricultural implementations.

This device does not directly arouse any instinct in birds. Initially, they will avoid
staying in the space where the tapes are applied due to their instinct to avoid unfamiliar
things. They also show some startling at the reflected lights and noises produced. Because
there is no strong biological connection, it is highly likely that they will quickly get used to
the presence of reflective tape.

There have been several studies regarding the use of reflective tape at airports and
on plantations. More recent studies focus on reflective tapes rather than just bright, eye-
catching objects. Reflective tapes produce noise when they snap in the wind, and it
is believed that this auditory stimulus makes reflective tapes more effective than other
reflectors. Bruggers [20] used reflective tape (0.025 mm thick and 11 mm wide) to deter
birds from crops, sunflowers, and sorghum crop fields. The tape was successful at scaring
birds away when suspended above ripening crops in parallel lines and when crop entrances
were protected as well. The strong winds may also have helped to improve the effectiveness
of the device by making more noise. Dolbeer [21] used reflective tapes to repel blackbirds
from crops by tying the tapes to a rope three, five, and seven meters apart that was attached
to poles three meters apart, with the tapes at a height of 0.5 to 1 m at the lowest point
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between the poles. The three-meter spacing proved to be more effective at scaring away
the birds than the five- and seven-meter spacings. However, this technique is not valid
for all bird species and was no longer effective when the reflective side was not seen (due
to coiling).

Summers and Hillman [22] tested a 20 mm thick red fluorescent tape to scare geese
off winter wheat fields in the United Kingdom. Half of a 20.2-hectare field was used as a
control, while the other half was fitted with reflective tape. Another control field with an
area of 7.5 hectares was equipped with a gas cannon and two scarecrows in the field. The
lines were tied at 40 to 60 m between the rows of wheat. It was concluded from this study
that the tapes were more effective at scaring away geese and that the field with the reflective
tape lost only 1% of its production to the birds, compared to the 6% lost to the control fields.
It was also concluded that the geese grazed two meters away from the application area.

2.3. Hawk Kites and Balloons

Kites and balloons, shown in Figure 1c, are the mobile versions of predator models.
These devices are tied to the ground or poles, so they do not run away from the site. They
are supposed to arouse the bird’s instinct of fear, because they are flying in an area that is
supposed to be controlled by a hawk. As it is not a real threat, the birds will eventually get
used to the presence of these devices [23].

2.4. Dead Bird Models

Dead bird models can be a replica, or an actual dead bird set in the ground to make it
seem like the bird has fallen and died there. Bird bodies have been used as repellents in
both agricultural [24] and airport situations [15,25,26].

Gull replicas are used in an intensive gull control program that occurs annually at
a large gull colony at Toronto’s Leslie Street Spit [27-30]. The gull replicas consisted of a
plastic bottle with two gull wings tied on it. They are tossed in the air to simulate injured
seagulls. This technique, used along with falconry and pyrotechnics, successfully prevented
seagulls from nesting in large parts of that area. Some airports kill seagulls and then fling
them into the air when using pyrotechnics. Dead bird models will deter some birds, but
their effectiveness is limited to the habituation period.

2.5. Aircraft

Both planes and helicopters, shown in Figure 1d, have been used to chase and scare
away birds on farms. But this method is not recommended at all, due to compromising the
safety of the aircraft crew. Hence, there is the need to scare birds away from airports [23].

2.6. Radio-Controlled Aircraft or Unmanned Aerial Vehicle

Drones, or Unmanned Aerial Vehicles (UAVs), shown in Figure le, can be used to
threaten and scare birds. The aircraft can be painted in predator-like colors or have the
shape of a hawk.

Radio-controlled (RC) aircraft may scare birds off both farms and airports [15,31-33].
However, RC aircraft require a skilled operator [6], and, for this reason, it has not been
widely implemented at airports [34].

One experiment with a hawk-shaped aircraft proved to be remarkably effective at
scaring away starlings (Sturnidae) and plovers (Charadriinae) at the Vancouver International
Airport, as well as ducks (Anas platyrhynchos) and geese (Anser anser) on Western Island,
Vancouver, B.C. [32,35]. Some birds demonstrated escape techniques from the aircraft as if
it was a real hawk. However, this aircraft has proven to be difficult to fly and, therefore,
requires a specifically trained operator. A more conventionally shaped aircraft can be
painted in the colors of a predator [31].

Another approach is to use UAVs as bird repellent. Due to their versatility, UAVs can
be beneficial in solving this problem without requiring a human pilot. However, due to
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their low battery capacity, which equals low flight duration, it is necessary to evolve path
planning optimization, as described in [36].

2.7. Lights

Flashing, rotating lights, and spotlights, shown in Figure 1f, can be used to scare birds
away [37]. The reason why lights scare birds away is not truly clear. It is thought that it is
because birds have not yet learned them. Thus, they are a novelty that causes them anxiety,
and they prefer to fly away. At night, it is believed that lights dazzle and disorientate the
birds. Lights are also used to warn birds of dangers, such as those implemented in aircraft.

Spotlights have been used to scare ducks away from landing and grazing in grain fields.
Some nocturnal migrants have been found to take evasive maneuvers when spotlights
were pointed at them [25]. There is a catch, however, in that overcast or foggy nights can
attract birds.

Most of the information about how effective flashing lights are in addressing bird-
related hazards comes from airport and aircraft applications. More recent studies show
mixed results regarding their success. Lawrence [38] reviewed various pieces of evidence
and concluded that flashing lights scare away birds.

The study [38] showed that, during the day, aircraft landing with the landing lights
on suffered fewer bird strikes than with the lights off. The simultaneous use of flashing
anti-collision lights brought the numbers down further. These lights have more effect on
lapwings (Vanellinae) than on gulls (Larinae). However, Zur [39] found no difference in
DC-9 aircraft with landing lights on versus those with them off.

Briot [40] observed the reactions in crows (Corvus Corax), magpies (Pica), and jays
(Cyanocitta cristata) that were on the ground when two aircrafts passed at low altitudes.
One had no lights, while the other had 100.000 white lights flashing at a frequency of
4 Hz. The distance between the aircraft and the birds was observed. It was concluded
that there was not a significant difference between the altitude at which the aircraft passed
and whether it had the lights on or not. A small difference was noticed when increasing
the frequency at which the lights flashed. The procedure of the experiment eventually
was not the most appropriate, as it is believed that the birds were frightened more by the
approaching aircraft than by the lights themselves.

A study was conducted to test the effectiveness of lights on laughing gulls
(Leucophaeus atricilla) and American kestrels (Falco sparverius) [41]. It was observed that
lights flashing at 50 Hz caused the birds” heart rates to increase more than those at 5, 9, or
15 Hz. However, in the tests during longer periods of time, the average heart rate was
higher at lower frequencies than at higher frequencies. Laty [42] suggests that the frequency
of lights should not exceed 100 Hz. Studies have been carried out with frequencies of
8-12 Hz in gulls (Larinae), sturnids (Sturnidae), and pigeons (Columba livia) [43,44]. Bel-
ton [43] and Solman [44] recorded that gulls took, on average, 30-45 min longer to land on
the site where they were to eat with a 2 Hz magenta flashing light than the untreated site.
No improvement was recorded when the light frequency was above 60 Hz.

Tests carried out on laughing gulls (Leucophaeus atricilla) and American kestrels
(Falco sparverius) by Green et al. [45] concluded that the birds” heart rates did increase,
and they did become attentive to the light, but it did not necessarily mean that it frightened
them away, as they did not show that behavior, at least when using only the lights without
any other method of deterring the birds. If this equipment is used in conjunction with
another preferably containing movement, it may awaken the avoidance effect in the birds.
They also recommended the use of several types of colors and frequencies in lights.

The use of flashing lights at an oil spill had a 50-60% success rate at scaring birds
away [1546]. Some tests have shown positive results in scaring away waterfowl
(Anseriformes), waders (Charadriiformes), sparrows (Passer), gulls (Larinae), and other species [15].
Other tests have been ineffective against waterfowl (Anseriformes) [13], gulls (Larinae), black-
birds (Turdus merula), and starlings (Sturnidae) [15].
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2.8. Summary

A summary of the studies that have considered visual deterrents is provided in Table 1.

Table 1. Summary of the studies using visual deterrents.

. . Deterrent Success Negative :
Author Year Bird Species Area Technique Rate Aspects Conclusions
The more realistic the facial and
body shape, the more effective
[6] 1990 Phalacrocoracidae  Aquaculture  Scarecrows/Sirens Effective N/A scarecrows are likely to be.
They can be more detectable if
they are painted in bright colors.
Scarecrows/
[7,8] 1995, 1997 N/A N/A Lights/Sound N/A N/A N/A
1976, 1979, Short ti licati ds t
[9-14] 1983, 1985, N/A N/A Scarecrows Ineffective Birds get used to it easily. b or trlne a Ep 1}c1a 10n,hnge s to
1980, 1982 e used with other techniques.
[5,15,16] 198139 91%87 N/A N/A Scarecrows Ineffective  Birds get used to it easily. Relocate every 2-3 days.
[17] 1997 Sgrei]z ;Otg Elsla Flight Cage Scarecrows Effective N/A Better than stuffed crows or kites.
Turdus merula,
[18] 1989 Anas 4—r?ﬂacvrvesr Scarecrows/ Effectiv N/A Ducks and geese spook more
platyrhynchos, suf' 1(21 ¢ Propane cannon ective easily than blackbirds.
Anser anser 1eds
[19] 1974 Charadriiformes Fishponds Scarecrows Ineffective N/A Birds get used to it
after two hours.
Various May interfere with Tape 0.025 mm thick and 11 mm
[20] 1986 N/A Reflective Tape Effective Y . wide. High winds may
crops walking on the terrain. . .-
increase efficiency.
May interfere with
. . walking on the terrain. Tape 3 m apart from each other at
[21] 1986 Turdus merula Crops Reflective Tape Effective If the tape gets twisted, it 0.5 to 1 m from the ground.
can be less effective.
20.2 hectares Il\l/frzl 1n‘;e€£e ri vrv:t?n i 20 mm thick red fluorescent tape.
[22] 1990 Anser anser of winter Reflective Tape Effective walking on the terrain | The lines were tied at 40 to 60 m
the tape gets twisted; it
wheat . between rows of wheat.
can be less effective.
[23] 1998 N/A Vineyards Hav]\;l;lll(ol(t)e;ssand Ineffective  Birds get used to it easily. Short-term utilization.
[24] 1983 N/A Agricultural Dead Bird Models N/A N/A N/A
8
(1525261 1o oh0 N/A Airports Dead Bird Models N/A N/A N/A
[27-30] 1985, 1986, Larus Cit ell::;?,d %tr‘i}l:/ln?gs_ / Effective N/A reczr};linfr?dzfdﬁhtl;ﬁi?ggslistive
1987, 1990 delawarensis Y F}z’ilconr results are partly due to the use
y of pyrotechnic material.
. . Dangerous to Not
[23] 1984 N/A Agriculture Aircraft N/A the tripulants. recommended
[15,31,33] 19 6179 813 9’90 N/A Farms/Airports RC Aircraft N/A N/A N/A
Sturnidae, Birds may habituate slowly to a
Charadriinae, Airport, ; Very Requires a highly model aircraft that actively hazes
[32,3%] 1975, 1981 Anser anser, Anas City RC Aircraft effective skilled operator. them, especially if it has
platyrhynchos a falcon shape.
(7] 1987 Sturnidae Roost Lights/Predator  pere e N/A N/A
Model
A May attract birds if it is It dedi tai
[25] 1976 nas Grain Fields Searchlights Effective nighttime or if the weather 18 recommendec in certain
platyrhynchos . weather conditions.
is cloudy or foggy.
[38] 1975 V‘i‘;iﬁge Airport Lights Effective N/A N/A
Whether the plane had its lights
[39] 1982 N/A Airport Lights Ineffective N/A on or not, the results
were the same.
Corvus Corax, . .
[40] 1986 Pica, Cyanocitta Airport Lights Ineffective N/A Birds were more frightened by

cristata

the plane than by the lights.
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Table 1. Cont.

. . Deterrent Success Negative .
Author Year Bird Species Area Technique Rate Aspects Conclusions
Lights that flash faster increase
Falco sparverius, the birds’ heart rate more in the
[41] 1992 Leucophaeus N/A Lights ;ﬁ:zﬁt"; N/A short term, but lights that flash
atricilla more slowly manage to keep the
average heart rate higher.
. Frequencies should
[42] 1976 N/A N/A Lights N/A N/A not exceed 100 Hz.
Larinae No repellant effect was
[43,44] 1976, 1976 Sturnidae, N/A Lights Effective observed when the strobe Gulls delayed approaching a

light flashed at higher feeding point by 30 to 45 min.

Columbea livia frequencies to 60 Hz.

X Birds did become attentive to the
Falco sparverius,

. . lights, but it did not necessarily
wl . Leiiroigﬂgrus baboratory Lights Ineffective N/A mean that it frightened
them away.
Anseriformes, .
Charadriiformes, Limited ({neffeCf)leltO 1ﬁl)lllcsl
[15,46] 1983, 1977 Passer, Larinae, Oil Spill Lights effective- Tarénae i’ ai i Z 50-60% success rate.
Turdus merula ness (Tur dus meru a?, an
Sturnidae ’ starlings (Sturnidae).

[13] 1980 Anseriformes Oil Spill Lights Ineffective N/A N/A

3. Auditory Deterrents

These are methods that use auditory techniques to deter birds. Most auditory deter-
rents also have a visual component.

3.1. Shotguns and Rifles

Weapons such as shotguns, shown in Figure 2a, when fired with real ammunition,
produce a loud noise that can scatter the birds. Moreover, the shot fired can also hit the bird
and kill it at fisheries operations [47-50], in agricultural fields [18], and at airports [15,34].
Even though birds can be driven away, they get used to the sound of the shots. So, it works
only temporarily, and there are records of birds that returned to the site shortly after being
dispersed by such noises [51,52].

(b) (0)

(d) (e)

Figure 2. Auditory deterrents: (a) shotgun ammunition; (b) pyrotechnics; (c) gas cannon; (d) AV-
alarm; (e) predator sounds, high sounds, ultrasound, and infrasound.
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3.2. Pyrotechnics

Pyrotechnics, shown in Figure 2b, consist of the use of rockets or small explosives,
which emit very loud sounds and flashes of light. The resulting shockwave itself also
contributes to dispersing the birds.

The similarity in sound to shotguns makes birds that are regularly hunted to have
an aversion to these sounds, which contributes to their dispersal. A rope firecracker is a
method that uses small explosives attached to a rope. This rope is set on fire at one end,
thus varying the explosion time between devices. It is considered an unsafe method.

Pyrotechnics only have the intended effect temporarily, because the birds will get used
to the noise [23].

Flares

Flares are alternatives to fireworks, which can be fired from an adapted gun or placed
at a specific point and ignited. When used, they emit a kind of flame and smoke that may
deter birds [25]. It is not as effective as shooting ammunition or using pyrotechnics, since it
does not produce much noise.

Pistols

Pistols can be used just like shotguns or rifles. They are alternatives with less range
for smaller areas. In addition to ballistic ammunition, they can also fire flares, as described
above, and ammunition that produces a kind of crackle and/or a loud whistle [53-55].
Pistols are a widely used alternative, because they are easier to use than pyrotechnics, safer
than real shotgun ammunition, and have lower associated costs.

As with most auditory deterrents, if they are not changed frequently, birds get used to
the noise they produce and they lose the intended effect.

This method is used in places such as airports, and, in the long term, it has an effect
in the presence of birds. Aguilera [56] registered some results where the presence of birds
decreased by about 88%, but only for a week.

Mortars

The mortars are launched from the ground. While the launched device is in the air, it
produces a hissing sound until it explodes [25]. While conventional pyrotechnics such as
firecrackers are only useful at night, mortars are also useful during the day. Moreover, the
noise they produce is much louder than fireworks.

The disadvantage is that it requires a qualified person to be able to handle these
devices. It is also an unsafe option, since it is based on explosive devices.

3.3. Gas Cannons

Gas cannons, shown in Figure 2c, are devices that produce a kind of explosion by
igniting a gas, usually propane or acetylene. This sound is intended to resemble a gun-
shot [57,58]. These cannons work through timers or by remote control [54,55]. To increase
effectiveness, some have variable time intervals and automatically rotate.

These cannons only show positive results if they are moved after a few uses so as not
to create habituation in the birds. It is also possible to improve the results with this method
by combining it with other dispersal methods [59-61].

As with other auditory methods, this approach only works in the short term, because
the birds get used to the sound. It is also necessary to position the cannons in strategic
locations so that the leaves on the trees and other types of obstacles do not affect the sound
and its effectiveness. Cannons cannot be used in certain places, because they present a high
risk of fire.

3.4. AV-Alarm

The AV-alarm, shown in Figure 2d, is a device that produces sounds in the range of
1500 to 5000 Hz. These devices are controlled by timers and can be powered by photovoltaic
panels or batteries.
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The sound emitted by the AV-alarm is synthetic. Thus, there is no biological basis that
links the sounds to the instinct to flee. It is believed that the positive results are due to the
loud sounds emitted and because birds have never heard them. The AV-alarm has been
used mostly in agricultural fields to scare birds away from crops.

Th AV-alarm is successful at scaring birds away from small crops [15,25]. It has
also been shown to be effective in reducing the damage to grapes caused by European
starlings (Sturnus vulgaris), cape sparrows (Passer melanurus), and masked weavers
(Ploceus velatus) [62].

The AV-alarm has demonstrated its ability to scare birds away, but is thought to work
best in conjunction with other techniques. For example, this device could scare away
starlings (Sturnidae) from blueberries crops, but, in conjunction with shotguns or propane
cannons, it worked better [63]. Potvin et al. [64] found that combining an AV-alarm with
gas cannons provided better results at scaring landbirds (Telluraves) off cornfields in Quebec
than when used separately.

There are also negative results from the AV-alarm [65]. It was reported that the de-
vice is not as effective as distress calls in repelling birds. Bomford and O’Brien [66] and
Devenport [67] also noted that birds become accustomed to these sounds.
Thompson et al. [68] concluded that the heart rate of starlings had an insignificant change
when exposed to the sounds of the AV-alarm, when compared to the heart rate when
listening to distress and alarm calls. Crummet [69,70] also conducted a study to find out
how effective the AV-Alarm would be in dispersing birds that were used to the water
environment from watery terrain. However, it didn’t provide enough data to allow an
assertive conclusion about its effectiveness.

3.5. Predator Sounds

Predator sounds, shown in Figure 2e, can be recorded, and played back to disperse
birds, as they will associate them with predators, and the natural reaction will be to fly
away. These sounds could be from humans or predator birds [71,72].

However, the sounds may have the opposite intended effect, because, instead of flying
away, some birds can try to attack the predator to protect their young, thereby attracting
even more birds.

3.6. High-Intensity Sounds

High-intensity sounds, shown in Figure 2e, can result in discomfort to the bird. It aims
to cause nervousness and startle the birds, thereby causing them to disperse.

Some of these sounds can be made with air raid sirens. In [73], these sirens were tested,
and very positive results in clearing an area were observed. However, this effect only lasted
for a few days.

3.7. Ultrasounds

Ultrasounds, shown in Figure 2e, are above the range of sounds that human beings
can hear (i.e., from 20 Hz to 20,000 Hz). Some birds can pick up sounds above 20,000 Hz,
although they do not communicate at such high frequencies. Nevertheless, no reaction has
been shown from birds to this sound frequency [74]. Beuter and Weiss [74] found evidence
that gulls (Larinae) can hear this sound frequency. It has been observed that the number
of birds present in the areas where this method has been used only decreased by 5% or
less [75].

3.8. Infrasounds

Some recent studies claim that infrasounds, shown in Figure 2e, may disperse birds.
Just as with ultrasounds, the birds would have to be able to pick up these sounds and
associate them with danger [76]. Although there are no concrete results about this method
yet, it is believed that, as with all other auditory deterrents, they create habituation in birds
after a brief period.
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3.9. Summary

A summary of the studies that have considered auditory deterrents is provided in
Table 2.

Table 2. Summary of the studies using auditory deterrents.

Deterrent

Success

Author Year Bird Species Area . Negative Aspects Conclusions
P Technique Rate 8 P
[47-50] %3?522 %ggg’ N/A ollz:)is?aetriioer?s Shotguns and Rifles Ineffective Sometimes the birds die. N/A
[18] 1989 N/A Agrf;c;(ljt;lral Shotguns and Rifles Ineffective Sometimes the birds die. N/A
[15,34] 1983, 1988 N/A Airports Shotguns and Rifles Ineffective Sometimes the birds die. N/A
[51,52] 1988, 1991 Phalitrgcpracidae, Fish farms Shotguns and Rifles Ineffective Sometimes the birds die. Killing some birds only had
rdeidae temporary effects.
[23] 1998 N/A Airport Pyrotechnics Effective Birds get used to it easily. Only used in an initial approach.
p y g Y. y %%
May be In conjunction with other
[25] 1976 N/A N/A Flares Y Fire hazard techniques, it can help to disperse
ffectivi q p P
cliective the birds in a certain direction.
[53-55] 198109’81(? 81, N/A Landfill sites Pistols Effective N/A Small area and short-term usage.
) Very Long-term effe;ts, the concentration
[56] 1991 Branta canadensis Urban parks Screamer shells Effective N/A of geese in the area was
reduced by 88%.
Highly skilled operator. If they produce a loud bang, they
[25] 1976 N/A N/A Mortars May be Safety hazard; there have are more effective at daytime and in
- effective been several accidents a larger area than other
related to the use of mortars. pyrotechnic devices.
The noise of the explosion
[57,58] 1974, 1990 N/A N/A Gas cannon N/A N/A resembles or is louder than that of a
12-gauge shotgun.
Proven to be effective deterrents for
[54,55] 1981, 1986 N/A Areashup to4 Gas cannon Effective N/A areas up to 4 ha in the cases of
a nongame species.
Gas cannons, in combination with
- 1984, 1990, . " Gas cannon . other dispersal methods such as
[59-61] 1990 Laridae Landfill and others Effective N/A pyrotechnics, have been found to
reduce numbers of gulls.
05 Various ) AV-alarms appear to have been
5,25] 1983, 1976 N/A Crops Av-alarm Effective N/A used successfully to reduce
P numbers of small birds.
Sturnus vulgaris, PR .
[62] 1985 Passer melanarus, Grape Av-alarm Effective N/A Can be effective in reducing the
culture damage to grapes.
Ploceus velatus
[63] 1970 Sturnidae Blueberry Av-alarm and others Effective N/A Itworked better in conjunction with
crops shotguns or propane cannons.
) X Av-alarm and . Better results were obtained by
[64] 1978 Telluraves Cornfields gas cannon Effective N/A combining both methods.
. AV-alarm was not as effective as
[65] 1983 N/A N/A Av-alarm Ineffective N/A distress calls in repelling birds.
66,6 , wv-alarm neffective i h irds accustomate to this sound.
[66,67] 1990, 1990 N/A N/A Av-al Ineffecti B”tgstﬁf;‘;gfj;‘gate Bird: h d
Starlings only increased slightly the
[68] 1979 Sturnidae N/A Av-alarm Ineffective N/A heart rate when they were exposed
to AV-alarm.
1973, No . Aquatic ~ May be Insufficient details to assess changes
[69,70] date Aequornithes terrain Av-alarm effective N/A in bird numbers.
[71,72] 1973, 1968 Laridae Airport Predator Sounds Effective N/A The playback' ofa Pe'regrm'e Falcon
call was effective at dispersing gulls.
- . Can cause hearing damage .
Anas High-intensity . Some birds vacate the pond after
(73] 1957 platyrhynchos Ponds Sounds Effective an}:ie ;)ltt};le; f];eu:,:;én two or three days.
’ . . Found no evidence that gulls either
[74] 1986 Laridae N/A Ultrasounds Ineffective N/A heard or reacted to ultrasounds.
. Bird population did not decrease in
[75] 1992 N/A N/A Ultrasounds Ineffective N/A more than 5%.
[76] 1996 N/A N/A Infrasounds Ineffective N/A Birds do not associate these sounds

with danger.
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4. Chemical Deterrents

Chemical aversion techniques have been used in a variety of contexts, from residential
areas [77,78] and cities, to agriculture and airports [79-81]. Birds do not tend to get used to
these types of techniques.

4.1. Tactile Repellents

Tactile-type repellents, shown in Figure 3a, are sticky substances that are used to
prevent birds from staying in certain places, such as corners of buildings, antennas, statues
in cities, lights, and signs at airports. They can be found in various forms of application,
such as tubes, spray cans, or caulking guns. Natural plant-based substances have also been
tested [82].

SPIKES mnb-xmi; Py
‘—w &HESI VE ...
Fog Force
(@ (b) (c)

Figure 3. Chemical deterrents: (a) spikes adhesive; (b) Avitrol; (c) ReJeX-iT.

This type of technique does not trap birds but scares them away by the sticky feeling
they get on their feet. However, it is not clear why birds avoid these substances [23].
When plant-based substances were used, agitation and hyperactivity were detected in the
birds [23]. It is suspected that this comes from a reaction between the plant compounds
and the skin on the feet.

No studies have been found that prove the effectiveness of these repellents. Clark [82]
reported that starlings (Sturnidae) became agitated and hyperactive after having their feet
in contact with a substance using a 5% concentration of oil extracted from cumin, rosemary,
and thyme. The result of this experiment suggests that it is possible to use non-lethal,
plant-based chemical methods.

There are also mechanical methods that prevent birds from landing in certain places
by using sharp objects such as barbed wire or nails. Some commercial versions are available
such as “Nixalite” [23].

4.2. Behavioural Repellents

Disorienting substances such as Avitrol [23], shown in Figure 3b, and Methiocarb [23]
are poisons that, in non-lethal doses, can cause disorientation and erratic behavior. These
poisons are added to bait, and, usually, only a small portion of it is treated so that only a
small number of birds in a flock are affected.

The goal is to cause a chain effect whereby when one of the birds becomes startled
and flees, the whole flock follows it [15,83,84]. The warning signal can be given to the
other birds 15 min before the poison starts to be digested, and the effects can last up to
30 min after digestion. If the dose is too high, it can lead to the bird’s death. Tremors and
convulsions have been reported in birds before they die; this can cause the flock to leave
the site. Unaffected birds from the flock eventually escape due to the warning signal from
the flock mate.

These agents have been tested on starlings (Sturnidae), blackbirds (Turdus merula), and
passerines (Passeriformes) [15,83-86]. The United States Air Force has tested this poison on
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seven air bases and concluded that it is effective in deterring these birds and a few others,
such as crows (Corvus Corax) [87].

Even though Avitrol is highly effective, it is very difficult to dose it correctly to cause
the desired effects without killing the birds. Birds may even die later, which can cause other
social issues.

Another problem that has been noted is that birds avoid certain baits that they have
experienced before. Gulls (Larinae) have been reported to notice this quickly. They stop
eating what has been used as a bait. The problem with this is that there is a very limited
number of baits that can be used, and each bait carries a different dose of Avitrol (i.e., the
dose for a certain amount of bread is not the same for the same number of cornflakes).

4.3. Methyl Anthranilate—ReJeX-iT

ReJeX-iT, shown in Figure 3¢, is the name for a brand that sells a bird repellent
based on a natural substance found in some plants, called methyl anthranilate. For ex-
ample, concord is a variety of grapes that many birds avoid eating because they contain
methyl anthranilate.

This repellent works as a non-toxic substance to birds, which do not like its taste. It can
be found in both liquid and powder and can be mixed in both food and water. It can also
be sprayed in the air. Ortho-aminoacetophenone, which is also non-toxic, shows positive
results in repelling or dispersing birds [88].

In [23], several tests were conducted with this product. They were performed in
the laboratory on several bird species feeding on fruits, grains, truffles, and in water.
It was concluded that ReJeX-iT can be effective if used in a high concentration. In
some experiments, the applied dose of ReJeX-iT was insufficient and did not lead to the
intended effect.

Methyl and dimethyl anthranilate have an unpleasant taste to birds. In [89], exper-
iments were conducted with ducks and geese. They were given treated and untreated
seeds. When only treated seeds were offered, both geese and ducks significantly reduced
the amount they ate daily. The ducks showed a slightly higher tolerance compared to the
geese. The experiments lasted from 2 to 4 days. The birds only increased the daily food
dose due to hunger.

Methyl anthranilate was also used in a test conducted by Belant et al. [90] where it
successfully repelled some bird species from water puddles in the field. However, another
test conducted by Belant et al. [91] showed that the concentration used in the previous test
was not effective for Canada goose (Branta canadensis). Belant et al. also concluded that
geese did not learn from the previous contacts with the substance.

Problems with the application of ReJeX-iT prevented the testing of its effectiveness for
repelling pond birds in [92]. But the results were promising, as the number of birds was
reduced after treating the ponds with this repellent.

4.4. Summary

A summary of the studies that have considered chemical deterrents is provided
in Table 3.

Table 3. Summary of the studies using chemical deterrents.

Deterrent Success

Author Year Bird Species Area Technique Rate Negative Aspects Conclusions
[77,78] 1988, 1990 N/A Residential Chemical N/A N/A Birds tend to not get used o it.
Cities,
[79-81] 197169’818984’ N/A agriculture, Chemical N/A N/A Birds tend to not get used to it.
and airports
Mav be It may be possible to develop
[82] 1997 Sturnidae Laboratory Tactile repellents y N/A non-lethal, plant-based

effective dermal repellent.
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Table 3. Cont.

Deterrent Success

Author Year Bird Species Area Technique Rate Negative Aspects Conclusions
May be Plant compounds that have been
[23] 1998 N/A N/A Tactile repellents Yy ! N/A tested caused agitation and
effective R .
hyperactivity in the birds.
Behavioral Can cause disorientation
(23] 1998 N/A N/A Repellents N/A and erratic behavior. N/A
. P Unaffected birds from the flock
. If the dose is too high, it
y 1983, 1983, Behavioral . 4 eventually escape due to the
[158384] 1990 N/A N/A Repellents Effective can lelad to the warning signal
bird’s death.
from the flock mate.
1983, 1983, Sturnidae, Turdus Behavioral
[1583-87] 1990, 1970, merula, Passeriformes, Air bases Repellents Effective N/A N/A
1973, 1970 Laridae, Corvus Corax i3
Laboratory, ReJeX-iT can be effective at
Branta Canadensis, sanitary . . deterring birds in certain
(23] 1998 Laridae, Sturnidae landfill, ReJeX-AT Effective N/A situations, but the doses used in
airports some studies were not effective.
. When subjected only treated
[89] 1992 Anas platyrhynchps, Laboratory Dimethyl am‘:l Very N/A grain, both ducks and geese
Branta Canadensis Methyl anthranilate Effective . .
reduced their food intake.
Larus delawarensis, Pools of
[90] 1995 Larus argentatos, Anas water in Methyl anthranilate Effective N/A N/A
platyrhynchos fields
[91] 1996 Branta Canadensis N/A Methyl anthranilate Ineffective N/A [9%505;3?13??ecsgliﬁlaﬁs“l:;gcligs'
[92] 1993 N/A Ponds at ReJeXAT Effective N/A Bird numbers decreased in
airports treated ponds.

5. Exclusion Deterrents

These are devices or materials used to serve as a physical barrier. If access to a certain
area, for example, where there is food or shelter, is restricted, the birds will leave the area
and move on. There are also apparent barriers (i.e., there is no actual barrier).

Physical barriers are normally made up of wire mesh, polyethylene, or other synthetic
materials and serve to prevent birds from approaching a specific area. They also serve to
prevent them from nesting in these areas. The metal mesh can also be interconnected with
electrified wires so that when birds land there they receive a harmless shock [93-95].

5.1. Overhead Netting

Overhead nets, shown in Figure 4a, are made up of several lines or wires interwoven.
Nets may have smaller or larger meshes according to the bird species and are placed over a
specific area. Birds can be deterred by the nets, even if the mesh spacing is sufficient for
them to pass through. It is thought that birds are deterred by the fact that the mesh lines or
wires are difficult to see.

(a) (b)

Figure 4. Exclusion deterrents: (a) overhead net; (b) bird balls.

This method was initially recommended to prevent waterbirds (Aequornithes) from
accessing aquaculture ponds [96]. Later, it was used to prevent birds from entering landfill



Agriculture 2023, 13, 774

14 of 29

sites, picnic areas, and other areas [54]. The effectiveness of this method varies between
bird species and has had more positive results on waterbirds [97].

Overhead nets do not need continuous attention from a human. Birds do not become
habituated to them. Moreover, when birds manage to pass through the mesh, they become
disorientated and susceptible to other dispersal techniques, such as hunters or air cannons.
Although it is a solution that makes it difficult to collect fruit from a tree protected by
nets, it solves the problem of the presence of birds in a permanent way. The main negative
aspects are the associated costs and the difficult application in large areas [23].

5.2. Foam

Foam is a method that replaces soil when it comes to covering up an area. It is not
a well-researched method, nor a widely used one, but from the few tests that have been
carried out, it was possible to observe that the birds had a certain aversion to entering the
foam covering [23].

5.3. Bird Balls

Bird balls, shown in Figure 4b, is a method that prevents birds from accessing aqua-
culture tanks. It works by placing balls on the tank surface. It helps by hiding the area
beneath the spheres, thereby deterring birds from being attracted. Because it consists of
several independent spheres, it is adaptable to obstacles that may arise in the water without
affecting the positioning of the other spheres [23].

5.4. Summary

A summary of the studies that have considered exclusion deterrents is provided
in Table 4.

Table 4. Summary of the studies using exclusion deterrents.

. . Deterrent Success . .
Author Year Bird Species Area Technique Rate Negative Aspects Conclusions
1978, .
[93-95] 1981, 1981 N/A Exclusion N/A N/A N/A
. Recommended as a method of
[96] 1936 Aequornithes Aquaculture Overhead Wires Effective N/A deterring waterbirds
ponds and Lines 2
from fishponds.
y Fish-rearing Overhead Wires
(>4] 1981 facilities and Lines N/A N/A N/A
The effectiveness of overhead
. Overhead Wires . wires or lines varies widely
[97] 1990 Aequornithes N/A X Effective N/A X
and Lines among species
and circumstances.
Overhead Wires High costs and difficult It solves the problem of the
[23] 1998 N/A Fruit trees . Effective application in presence of birds in a
and Lines 1
arge areas. permanent way.
Sanit Mav b Its effectiveness would It could be used to cover small
[23] 1998 N/A 12221?1? Foam eff:Ztivee be reduced in rainy or areas that are particularly
windy weather. attractive to birds.
Are very easy to install and
[23] 1998 N/A pg;?cll(:s’ Bird Balls 3&:&5‘2 N/A require significantly

less maintenance.

6. Habitat Modification

Habitat modification is the removal or alteration of the natural characteristics of a
site. It may include trees and shrubs, the removal of ponds, planting in areas without flora,
planting crops that are not attractive to birds, such as tall grass, eliminating possible nesting
areas, the use of exclusion methods barriers, and even chemical agents used in the birds’
natural foods.
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6.1. Tall Grass

The effectiveness of using tall grass, shown in Figure 5a, can be explained because it
prevents birds from viewing and accessing food. Nevertheless, some bird species can feed
even if tall grass exists [98]. In addition, there are areas, such as airports, where it is not
possible to have tall grass, because it creates problems for clearly viewing the lights.

£ Benomyl
50%WP

(a) (b)

Figure 5. Habitat modification: (a) tall grass; (b) Benomyl.

Dekker and Zee [99] performed an experiment with “poor grass”, which was a mix of
wildflowers and a small number of grasses. In a five-year period, they concluded that the
number of birds in these areas was similar to the one observed when long grass was used.
However, it changed the type of bird species that frequented these areas to smaller ones.

Modifying the habitat with a plow would bring worms to the top, which are food for
many birds, making the area more attractive to birds. Therefore, it is advisable to use this
method at times of less bird activity [100].

6.2. Fungicides

Benomyl and Tersan, shown in Figure 5b, are fungicides used to treat lawn fungus
problems. These products have low toxicity for birds and have positive results in reduc-
ing earthworms [101]. Since earthworms are bird food, if they disappear, the birds will
have to look for food elsewhere. Terraclor, which is also a fungicide, showed positive
results in significantly reducing the number of earthworms at the Vancouver International
Airport [101].

These products have been stopped from being used to reduce pesticides in the environment.

6.3. Other Techniques
Water Removal
This approach is based on the principle of removing the water to prevent the birds

from resting there. Gulls (Larinae) use water areas to rest. By removing the water, the area
is no longer attractive to the birds [102].

Feeding Changes

The feeding zone limits the presence of birds in each area. A study [102] reported that,
on a landfill where some 60,000 gulls were believed to live close, they were dispersed to
the surrounding landfills due to the lack of food.

6.4. Summary

A summary of the studies that have considered habitat modification methods is
provided in Table 5.
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Table 5. Summary of the studies using habitat modification methods.

Author  Year Bird Species Area Deterrent Technique Success Rate Negative Aspects Conclusions

Long grass can
[98] 1968 N/A N/A Tall Grass N/A attract rodents and
birds of prey.

Prevents some birds from
accessing food.

Bird numbers on poor grass
[99] 1996 N/A Airport “Poor grass” Effective N/A were as low or lower than on
long grass.

Mowing late in the day or
overnight can reduce the
attractiveness of
this activities.

[100] 1996 N/A N/A Mowing at nighttime Not Tested N/A

Mowing late in the day or
overnight can reduce the
attractiveness of
this activities.

[101] 1997 N/A Airport ~ Mowing at nighttime Effective N/A

By removing the water/food,
Effective N/A the area is no longer
attractive to birds.

Changing

[102] 1988 Laridae Landfill oo/ feeding zones

7. Removal Deterrents

This method consists of catching birds and releasing them away or eliminating them,
either with traps, poison, or the use of lethal ammunition. It is a method that requires skills
to be used, because it may use materials that can be lethal to humans as well. Using lethal
methods would only work in the short term and only reduce the bird’s local population.

7.1. Traps

Traps, shown in Figure 6a, are one of the oldest methods [103]. They consist of cages
and nets [104-106] that are used to capture the birds so that they can be released as far
away as possible and in suitable habitats so that they do not return. But they can also be
used to capture the bird and then kill it. There is another type of trap, called the pole trap,
but it has negative results in saving birds, and it is illegal in many countries.

() (d)

Figure 6. Removal deterrents: (a) traps; (b) live ammunition shooting; (c) surfactants; (d) falconry.
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The operation of the traps depends on the number of birds in the population, the
amount of food that is outside the trap, and whether the birds are already used to the
presence of traps. Shake [103] found that traps were not effective in red-winged blackbirds
(Agelaius) in corn fields, due to the number of birds in the group. Mott [93] noticed that
when a small group of green-backed herons (Butorides virescens) was captured and released
a few kilometers away, they did not return.

7.2. Live Ammunition Shooting

This is a method that consists of using lethal ammunition, as shown in Figure 6b. It
is a method commonly used at airports to eliminate seagulls. It has limited effectiveness
and acts as a deterrent. It was seen that, in the short term, it eliminated some gulls and
frightened others, but, in the long term, they returned [9,107,108].

7.3. Surfactants

Surfactants, shown in Figure 6c, are chemical elements that keep birds away but in
a non-lethal way and without causing damage to them. These chemicals are used with
water cannons or sprinklers to control the birds [109-112]. This method works as follows:
The water cannon spreads surfactants that penetrate the feathers, and, once wet, the body
temperature of the bird lowers, and, depending on the environment, the bird may even die.

The most used surfactant is PA-14, and, in [113], it was used to control blackbirds
(Turdus merula) and starling roosts (Sturnidae), but it did not cause any reduction in the
local bird population.

7.4. Falconry

Falconry, shown in Figure 6d, is used to chase and eventually kill the birds in the area.
Falconry was widely used in airports and aerodromes, with positive results. However, it
was necessary to change its “launching” origin so that it would not cause habituation to
the birds [107].

Heighway [107] found that, when using a set of eight peregrine falcons that were
trained and commanded by two trainers, it took about two years to control a population
of gulls (Laridae) [86,107]. Gulls (Laridae) show no signs of habituation to hawks [114].
Hahn [115] concluded that the use of falconry is not recommended in civil airfields.

This method has also been used to prevent gulls (Laridae) from nesting in Toronto [116].
To do this, the predatory birds were attached to perches and only occasionally allowed
to fly. Falconry has also proven useful in preventing nesting by Canadian geese (Branta
canadensis) in Canada, whereas other techniques such as pyrotechnics had no effect [27-29].
Another study [117] concluded that the use of goshawks (Accipiter gentilis) was not effective,
since, when the wood pigeons (Columba palumbus) are dispersed, they will settle back down
and feed normally.

In [118], a team visiting a landfill several times a day observed that the effectiveness
of the deterrent methods varied depending on the time of day and the habituation of the
gulls. To reach these conclusions, the team used various techniques, including firecrackers,
falconry, shooting dead gulls into the air, and firing lethal ammunition [58,118]

Moreover, falconry only achieved positive results if it was practiced by well-qualified
trainers. It is only possible to use this method when there is no harsh weather, rain, or
strong winds and fog, which makes it difficult to control the gulls because they feed when
these conditions occur [23,119,120]. Given that it is an unscheduled technique, it can be
more effective. However, its use is recommended to reinforce other deterrents [23].

7.5. Summary

A summary of the studies that have considered removal deterrents is provided in
Table 6.
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Table 6. Summary of the studies using removal deterrents.

Deterrent Success

Author Year Bird Species Area Technique Rate Negative Aspects Conclusions
Due to the number of birds in the
[103] 1968 Agelaius Corn fields Traps Ineffective N/A group, it is impossible to catch
them all.
[104-106] 71987, N/A N/A Traps N/A N/A N/A
The birds were released 40 km
[93] 1978 Butorides virescens Fish farm Traps Effective Transportation costs from t};:ig ;gg/g:;r:.:::g were
came back.
[9,107,108] 1976, 1970, Larinae Airport Live Ammunition Ineffective Birds habituate easily. It was seen that in the short term
p Y-
1986 it was effective
[109-112] %ggg oy N/A N/A Surfactants N/A N/A N/A
38.2 million blackbirds .
[113] 1997 Turdus merula, N/A Surfactants Effective and starlings were killed PA-14 did solve local
Sturnidae roost problems.
between 1974-1992.
Falconr It was necessary to Four goshawks were successfully
[107] 1976 Laridae Airbase Pyrotech Y Effective replace two falcons used at an airbase in Holland to
yrotechnics each year. clear the runways from gulls.
Gulls showed no signs of
[114] 1970 Laridae Airbase Falconry Effective N/A habituating to the goshawks
during the two-year study.
. Military Not recommer}d as a routine
[115] 1996 Laridae Airfield Falconry N/A N/A method for bird control at
irte civil airfields.
Falconry,
[116] 1978 Laridae Airfields Pyrotechnics, N/A N/A N/A
Model Gulls
[27-29] 198159’8179 86, Branta Canadensis Airfields Falconry Ineffective N/A N/A
Brassica ) After repeated Flttacks by the
[117] 1983 Columba palumbus felds Falconry Ineffective N/A goshawk, the pigeons usually
resettled and continued to feed.
- The effectiveness seemed to
1a . X ery . . derive from the cumulative
[118] 1978 Laridae Landfill Falconry effective Some birds died effects of several bird
control episodes.
1998, 1965, . Falcons cannot fly with Dealing with gulls with bad
(23119,120] 1980 Laridae N/A Falconry N/A bad weather. weather is a problem.

8. Other Deterrent Techniques
8.1. Lure Area

Lure areas, shown in Figure 7a, are created to attract and trap birds so that they are
not in areas where they should not be [121]. The best option is using food to attract birds.
In agricultural fields, this method is applied through perches to intercept the birds. Thus,
the birds are distracted from the crops and feed on the perch. Nevertheless, to attract birds,
it is necessary to take into consideration the distance to which the birds should not go.

These attraction areas have proved to have positive results with waterfowls and
blackbirds [121].

8.2. Magnets

This approach requires two magnetic devices, shown in Figure 7b, hanging along a
wire. This wire is hung along places that the birds frequent for both nesting and resting.
This device creates a magnetic field that disorients the birds, which will then avoid the
areas that have these devices. This can be explained by the fact that birds use the earth’s
natural magnetic field to orient themselves [122-125].

Belant and Ickes [126] tested this method, and it proved to be useless in deterring
European starlings (Sturnus vulgaris). More testing is needed to confirm the effectiveness of
this method, since it has only been proven to disorient birds and not to disperse them.
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(c) (d)

Figure 7. Other techniques: (a) lure area; (b) magnets; (c) microwaves; (d) laser.

8.3. Microwaves

Microwaves, shown in Figure 7c, are electromagnetic waves with frequencies ranging
from 300 MHz to 300 GHz that can cause stress, discomfort, and disorientation [122-125].
If the energy caused by electromagnetic fields is too high, it can cause physical problems
for birds, which leads to the birds avoiding them. Humans can detect these energies below
1 mW/cm? and at maximum power densities bellow 100 mW / cm? [127,128]. If the power
is higher, thermal changes begin to be felt. In birds, these changes occur at a power of
50 mW /cm? [129]. The effectiveness of this method is questionable, but if the power is
increased, the effect will be felt. For example, at a power of 10-50 mW /cm?, there may be
temporary muscular and neurophysiological problems [130,131]. These problems affect the
ability to extend the legs and wings, so birds collapse [130,131].

In [131], tests were performed with hens (Gallus gallus domesticus). One feeder was
exposed to a radiation intensity of 40 mW/cm? while the other was not. The hens
(Gallus gallus domesticus) chose the feeder without radiation. The hens only returned
to the first feeder 4 days after removing radiation from it. Furthermore, they avoided the
feeder when radiation was applied to it again.

Some studies have concluded that radars can affect birds [132-136]. Short et al. [76]
studied the possibility of using radar signals to disperse birds without the radiation reaching
levels considered dangerous to humans and birds.

8.4. Laser

Lasers, shown in Figure 7d, produce electromagnetic waves in the visible and infrared
light frequency ranges. These waves associated with the emitted light can cause birds to
feel sick [23]. This decreases the possibility of birds staying in these places.
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Lasers were suggested by Lustik in [137]. Although the tests showed that the laser
was effective on starlings (Sturnidae), mallards (Anas platyrhynchos), and gulls (Laridae), the
beam had to be aimed at specific areas of the bird. For example, if it was aimed at the
feathers, they would not react, and if the laser managed to reach a certain temperature,
there was the possibility of igniting the feathers. A particular test showed that the use
of a flashing light directed at some birds could cause hemorrhages in their eyes, but the
gulls showed no discomfort or reaction, not even with the light pointed directly at their
eyes [137,138]. In [139], Mossler performed tests on gulls using a helium-neon laser. In this
case, the gulls showed some limited behavioral reactions, but it was not enough to disperse
them or prevent them from feeding.

Although lasers are a method with positive results, they can be dangerous to human
beings [23], so their use is not recommended.

8.5. Summary

A summary of the studies that have considered other deterrent techniques is provided
in Table 7.

Table 7. Summary of the studies using other deterrent techniques.

Author Year Bird Species Area Deterrent Technique Success Rate Negative Aspects Conclusions
Attracting and holding
[121] 1976 Anseriformes Agriculture Lure Area N/A N/A birds so that they will not
go elsewhere.
1975, 1974, Magnetic Field,
[122-125] 1978, 1981 N/A N/A Microwaves N/A N/A N/A
Only been proven to
[126] 1997 Sturnus vulgaris N/A Magnetic Field Ineffective N/A disorient birds and not to
disperse them.
[127,128] 1971, 1973 N/A N/A Microwaves N/A N/A N/A
[129] 1985 N/A N/A Microwaves N/A N/A N/A
Laridae, Melopsittacus The radiation levels are
undulatus, Gallus . considerably higher
[130,131] 1965, 1969 gallus domesticus, Laboratory Microwaves N/A than the levels that are N/A
Columbidae safe for humans.
Few studies have
1996, 1946,
[76132-136] 1949, 1954, N/A N/A Microwaves N/A N/A reported that radars have
1971, 1972 caused behavioral
! changes in flying birds.
Sturnidae, Anas Could cause
[137,138] 1972, 1965 platyrhyncho/s Laridae Laboratory Laser N/A hemorl:hage in Not recommended
birds’ eyes.
[139] 1980 Laridae Landfill Laser Ineffective N/A Not recommended

9. Discussion

This section draws the main conclusions from this research. Current gaps are identified
and strategies for future research are proposed. Table 8 summarizes the different methods
and techniques used as bird deterrent solutions for crop protection.
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Table 8. Summary of different methods and techniques used as bird deterrent solutions.
. . Requires Cost of Crea;ltes Presents Presents Requ'ifes
echniques Methodology References Maintenance Use HaPltua- Danger to Dan.ger to  Qualified
tion Humans Birds Person
Scarecrows [4-19] No Low Yes No No No
Reflectors [20-22] No Low Yes No No No
= “é Hawk Kites and Balloons [23]
é § Dead Bird Models [15,24-30] No Low Yes No No No
A Aircraft [23] Yes High No Yes Yes Yes
Radio-Controlled Aircraft [6,15,31-36] Yes High Yes No No Yes
Light [13,15,25,37-45] Yes Medium Yes No No No
Shotguns and Rifles [13,18,33,46-51] Yes High Yes Yes Yes Yes
Pyrotechnics [23,25,52-55] No High Yes Yes Yes Yes
- Gas Cannons [53,54,56-60] Yes Low Yes Yes No No
g ‘5 Av-Alarm [15,16,25,61-69] No Low Yes Yes No No
;:g SE Sound of Predators [70,71] No Low Yes No No No
High Sounds [72] No Low Yes Yes No No
UltraSounds [73,74] No Low No No No No
InfraSounds [75] No Low No No No No
. Tactile [81] Yes Low No No No Yes
SE
g E Behavioural [15,82-86] Yes Low No Yes Yes Yes
<D
YA Methyl Anthranilate Rejex-It [87-91] Yes Medium No No No No
g Overhead Wires and Lines [95,96] Yes High No No No No
g Foam [23] Yes Medium No No No No
%
= Bird Balls [23] No Low No No No No
» § Tall Grass [97,98] No Low No No No No
:g é Benomyl and Tersan [99] No High No No Yes Yes
i‘s ;§ No
s Others [100] No Low No No No
Traps [92,101-104] No Medium No No Yes No
T;; Live Ammunition Shooting [9,105,106] Yes High Yes Yes Yes Yes
% Surfactants [107-111] Yes Medium No No Yes Yes
= Falconry %’é’, 2]-5’222’ %Z’]‘SS’%’ No High No No Yes Yes
Lure Areas [119] Yes Low No No No No
£ Magnets [120-124] No High Yes No No No
"g Microwave [75,125-134] Yes High No Yes Yes No
Laser [135-137] Yes High No Yes Yes No

Scarecrows: Scarecrows are a very versatile tool that can be applied both on land and

water; they are very mobile and cheap to build. They can be combined with other bird
deterrent techniques to improve performance. In the long term, they are not effective, so
they are best suited for occasional bird invasions and should be used in smaller areas.

Reflectors and Reflecting Tape: Reflective tapes are easy to install and can quickly be
transferred to another area. Their effectiveness can be improved when combined with other
bird deterrent techniques, so their use in agriculture and at airports with more moderate
use is recommended.

Hawk kites and balloons: Kites and balloons can be easily deployed and can be moved
to other locations with ease, but have many limiting factors such as strong winds and
rain or even the difficulty to keep the balloons inflated. These techniques must be comple-
mented with other approaches to increase their effectiveness. Therefore, this technique is
recommended only in short-term situations.

Dead bird models: When used alone, they can be effective for a short time, but they are
perfect for integrating into a bird deterrent program.
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Aircraft: As discussed above, this type of technique is not recommended at all. It is too
risky for the aircraft tripulants, because birds can do real damage to the aircraft. That is
why it is necessary to deter birds from airports.

Radio-Controlled Aircraft or UAV: Some advantages of this implementation are that the
time it takes the birds to get used to this technique is much longer than the techniques
mentioned above. Moreover, making several passes with the aircraft can even cause the
birds to leave the site completely. It is also applicable to a wider range of bird species.
Disadvantages are that it requires a skilled operator and is very labor intensive. There
is also the need for landing and landing areas, and it cannot be used in adverse weather
conditions. On the other hand, if UAVs are used, a human pilot is not required, but the use
of optimization algorithms is necessary to improve their efficiency and autonomy.

Lights: Flashing and strobe lights can be useful for scaring birds, but they can be even
more effective when used in conjunction with other techniques. Spotlights may not be
as effective. because they can attract birds in certain weather conditions. They are easy
to install in places such as airports and agricultural fields. They are not expensive and
are quite effective at scaring away certain bird species at night. Their efficiency as a bird
deterrent has not been proven.

Shotguns and rifles with real ammunition: This method is not recommended for the safety
of humans, as someone could be hit by the shot. It requires authorization and knowledge
to handle these weapons. Furthermore, it is costly, as the ammunition used is single-use
and is relatively expensive.

Pyrotechnics: Pyrotechnics are among the most widely used approaches when it comes
to bird dispersal. It is a highly effective technique, but only in the short term, due to the
habituation it causes in the birds. Thus, birds stop being frightened by the noises that
these devices produce. They are often used more in the form of rifles or pistols to facilitate
their mobility. It is believed that the effectiveness of this method may vary with different
species of bird. To be more effective, this method should be used only when many birds
are grouped together. Pyrotechnics have many advantages such as their range; the blast
has a stronger shockwave than a shot, so it also helps scaring birds away, and they can be
highly effective when used in conjunction with other deterrents. It also has disadvantages,
such as the possible death of birds. It cannot be used in all areas, since if it is used in areas
with dry vegetation, it can cause fires. It requires highly skilled labor to reduce the high
risk of handling. Another disadvantage of this approach is that it produces a lot of waste,
such as cartridges from the devices used.

Air cannons: Cannons have proven to be effective in large areas and do not require
continuous attention from the owner. However, they are only effective for a brief time.
Furthermore, cannons with less safety devices should not be used in certain places, because
they present a fire hazard.

AV-alarm: The positive side of this device is that it does not need constant attention
from the owner, and, if it is moved frequently, it will become more effective. On the
downside, birds can easily become accustomed to sounds, and the sounds emitted by these
devices can put the bird’s life at risk. These devices can also carry risks to human health.
S0, hearing protection equipment must be worn when one is near one of these devices
in operation.

Predators sounds: This method is a little uncertain, because it can both disperse or
attract birds. Although there have been some positive results reported in studies, it is not
possible to confirm its effectiveness.

High Sounds: Like the other auditory deterrents, this method ceases to be effective
within a short time. Furthermore, this method is not very human-friendly, as these sounds
can also cause severe hearing damage.

Ultrasound and Infrasound: This method would be quite good because it would not af-
fect humans, since they do not capture such frequencies and, therefore, would go unnoticed.
However, it is ineffective, because birds also do not capture these types of frequencies.
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Tactile deterrents: It is difficult to accurately assess how effective sticky chemicals are,
due to the lack of studies that evaluate their effectiveness. They require some work to
be implemented, which includes studying all corners, areas, and poles where birds may
land and treating all of them. They are estimated to last for a year or so, depending on the
weather conditions. They have proven not to be effective in temperatures below —9 °C.
Sticky materials are not exactly pleasing to the eye, so this may limit their use.

Behavioral deterrents: This method requires several steps before it will work. It requires
getting the bait and the poison, the right dosing, and waiting for the birds to be attracted
to the bait. Behavioral-alteration-type chemicals are recommended to be part of a bird
repellent program. However, some limitations apply to the use of this technique at airports.
Since the bait can attract birds into the airport at peak traffic times, this is not recommended
at all.

Methyl Anthranilate—ReJeX-iT: It has the potential to repel a limited spectrum of bird
species. It is natural and has a low degree of toxicity. However, one must always pay
attention to the formula applied, its concentration, and how regularly it is applied. Cost
can also be a negative factor, as it can get expensive if a large area needs to be covered.
Nevertheless, its use is recommended.

Overhead Netting: It is method is recommended for small areas that cannot be moni-
tored continuously by a human.

Foam: Its effectiveness depends on weather conditions, such as rain or wind, which
could eliminate the foam or remove it. It can be used in small areas.

Bird Balls: Its operation depends on wind conditions, because it is a light material that
is easily moved with the force of the wind. It is easy to use and has a low cost. Since it is a
new method, there are no studies that assess its effectiveness.

Tall Grass: This method is useful because it reduces the number of species. However,
it becomes dangerous in certain situations, because, in this type of habitat, there is food
for large birds such as hawks and owls, and, in places such as airports, this may lead to
negative consequences.

Traps: This method can be a time-consuming and expensive process. Depending on
the complexity of the trap, it may require skilled labor. Furthermore, it is a solution that
may work only in the short term.

Live Ammunition Shooting: Lethal ammunition is only used to increase the effective-
ness of other combined techniques. This method must be used sparingly and requires
specific licenses.

Surfactants: Water sprays, with or without surfactants, are recommended as a lethal
method of bird control. It is also used in the short term to disperse bird flocks, but
pyrotechnics are preferable for that case.

Falconry: Since hawks are a real threat, the birds are not used to their presence. Since it
is an unscheduled technique, it is more effective. However, qualified people are required,
and there is the impediment to flying in adverse weather conditions. The use of falconry is
recommended to reinforce other deterrents.

Lure Area: It requires a lot of work to study the birds’ flying patterns to implement the
lure area.

Magnets: It is not recommended due to a lack of studies that prove that birds are
deterred by this method.

Microwaves: From the studies and tests carried out, it was concluded that it would
only be effective to use radiation if it reached levels that were already dangerous to human
health. Therefore, the use of this method is not recommended at all.

Laser: Although it is a method with positive results, the energies created by them
would be dangerous for human beings, so its use is not recommended.

10. Conclusions

Of the various pests that exist for agriculture, birds are one of the biggest and most
damaging to farmers, and possibly the most difficult to control. This survey presented
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a comparative analysis of bird deterrent techniques for crop protection. It introduced
the related concepts. Then, visual, auditory, chemical, exclusion, habitat modification,
removal, and other deterrents solutions were presented. Their results, strengths, and
weaknesses were discussed. Finally, current gaps were identified and perspectives on
future developments were discussed.

Despite the availability of bird deterrents, there are still many challenges for effectively
protecting crops from bird damage. These challenges include the need for cost-effective
solutions, the ability to adapt to changing bird populations, and the potential for negative
impacts on non-target species and the environment. Nevertheless, there are also several
opportunities for improvement in bird deterrent solutions for crop protection. These
opportunities include the development of new and innovative deterrents, the integration
of multiple deterrents for increased effectiveness, and the use of technology to enhance the
monitoring and evaluation of deterrent effectiveness.

Thus, bird deterrent solutions for crop protection are a complex and multifaceted issue,
and there is a need for continued research and development to improve their effectiveness
and minimize negative impacts.

The research that is presented in this paper is a first step in an ongoing effort to
propose, in the context of smart farming, a new bird deterrent technological solution based
on the concepts of the Internet of Things (IoT), wireless mesh networks, and smart drones.
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