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ABSTRACT. Intentional poisoning is a common practice to reduce bird damage to agricultural crops. Understanding the extent,
distribution, and influencing factors of such incidents is key to reducing poisoning of farmland birds and scavengers which are threatened
via secondary poisoning. We recruited volunteers to look for dead birds in red bean (Vigna angularis) farms during the seeding period
in autumn 2016. A total of 5,441 fields were surveyed, and 51 bird poisoning incidents were identified. We recorded 1,995 dead birds
during the survey (39.1  29.7 per incident = SD), mostly seed-eating birds. We tested two possible factors influencing the practice of
intentional poisoning: seeding methods and whether the red bean farm was adjacent to duck farms. Among three seeding methods,
broadcast seeding does not cover the seeds with soils and resulted in a significantly higher proportion of bird poisoning incidents when
compared to the whole study area. However, when red bean farms were adjacent to the duck farms, there were no differences in the
percentage of poisoning incidents among seeding methods but the number of dead birds was two times higher compared to incidents
that were not adjacent to the duck farms. We suspect that birds congregating at duck farms resulted in neighboring farmers taking
anti-bird measures, regardless of seeding methods. We map bird poisoning hot spots and provide evidence that changing seeding method
and limiting the number of wild birds congregating near duck farms would help reduce bird damage and intentional bird poisoning
on red bean farms. Finally, we demonstrated that citizen scientists can make a significant contribution to conservation.

Facteurs qui affectent I'empoisonnement intentionnel des oiseaux dans les exploitations de haricots a
Taiwan : les méthodes d'ensemencement et la proximité d'élevages de canards jouent un rdle

RESUME. L'empoisonnement intentionnel est une pratique courante pour réduire les dommages causés par les oiseaux aux récoltes
agricoles. La compréhension de I'étendue, de la répartition et des facteurs responsables de tels incidents est essentielle pour réduire
I'empoisonnement des oiseaux des champs et des charognards qui sont menacés par I'empoisonnement secondaire. Nous avons recruté
des volontaires pour rechercher des oiseaux morts sur des exploitations de haricots rouges du Japon (Vigna angularis) pendant la période
d'ensemencement a l'automne 2016. En tout, 5441 champs ont été observés et 51 incidents d'empoisonnement d'oiseaux ont été identifiés.
Nous avons enregistré 1 995 oiseaux morts pendant cette étude (39,1 + 29,7 par incident * la déviation standard). Il s'agissait
principalement d'oiseaux granivores. Nous avons testé deux facteurs susceptibles d'influencer la pratique de I'empoisonnement
intentionnel : les méthodes d'ensemencement et la proximité d'élevages de canards. Parmi les trois méthodes d'ensemencement, le semis
ala volée ne recouvre pas les graines de terre et a entrainé une proportion nettement supérieure d'incidents d'empoisonnement d'oiseaux
par rapport au reste de la zone d'étude. Toutefois, lorsque les exploitations de haricots rouges se trouvaient a proximité d'élevages de
canards, on n'a constaté¢ aucune différence dans le pourcentage d'incidents d'empoisonnement entre les différentes méthodes
d'ensemencement, mais le nombre d'oiseaux morts était deux fois supérieur a celui que 1'on pouvait constater dans des zones qui n'étaient
pas adjacentes a des élevages de canards. Nous soupgonnons que les oiseaux se réunissent autour des ¢levages de canards et que cela
a incité les fermiers locaux a prendre des mesures pour tuer les oiseaux, quelles que soient les méthodes d'ensemencement. Nous
cartographions les points chauds d'empoisonnement des oiseaux et fournissons des preuves indiquant que le changement de méthodes
d'ensemencement et la limitation du nombre d'oiseaux sauvages qui se réunissent autour des élevages de canards contribueraient a
réduire les dommages causés par les oiseaux et I'empoisonnement intentionnel sur les exploitations de haricots rouges. Enfin, nous
avons démontré que des citoyens scientifiques pouvaient apporter une contribution majeure a la conservation.
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INTRODUCTION hunting, protecting livestock or game species from predators, and
protecting crops from pest animals (Berny and Gaillet 2008, Linz
etal. 2015, Ogada et al. 2015, Elliott et al. 2016, Hong et al. 2018,
Ntemiri et al. 2018, Radhakrishnan 2018, Di Blasio et al. 2020).
Agricultural pest control is one of the major reasons that farmers

Intentional poisoning of wildlife is a worldwide issue in wildlife
conservation, particularly threatening predators and scavengers
that are either directly targeted or killed through consuming
poisoned prey. The motivations to poison wildlife include illegal
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use poisoned baits. Understand the factors behind the motivation
for poisoning is essential for effective wildlife management in
agriculture settings.

One of the most common raptor species in the world, the Black
Kite (Milvus migrans) is critically endangered in Taiwan (Fang
2005). Black Kites were originally common throughout Taiwan,
but in the 1990s the population declined drastically to less than
200 individuals and the Kite disappeared in most places
(Severinghaus et al. 2012). In poisoning cases discovered in recent
years, carbofuran and second-generation anticoagulant
rodenticides were the main causes of Black Kites death. These
chemicals are heavily used to control pest birds and rodents on
farmland (Hong et al. 2018, Hong et al. 2019). The Black Kite is
the only scavenging raptor in Taiwan and has adapted well to
human-modified environments, making them vulnerable to
secondary poisoning. Policy adjustments have been made
accordingly, including canceling the nationwide anti-rodent
campaign in 2015 and banning the use of high carbofuran
concentrations in 2017. The number of Black Kite has increased
gradually to 709 individuals by 2019 (Lin et al. 2019). However,
the threats to Black Kite through secondary poisoning remain.

Carbofuranisaninsecticide but was often used to kill avian targets
illegally around the world because of its high toxicity to birds
(Richards 2012, Berny et al. 2015, Ruiz-Suarez et al. 2015,
Kitowskietal. 2020). In Taiwan, deliberately poisoning birds with
carbofuran was considered the answer to bird damage problems
in some agricultural articles from the early 1980s (Hong et al.
2018). A Facebook group was set up in 2014 to gather more
information about bird poisoning incidents on farmland, and a
total of 213 incidents, involving at least 4,753 dead birds, were
reported via the Facebook group from 2014-2016 (Hong et al.
2018). Mapping intentional and illegal poisoning and
investigating factors influencing the magnitude and frequency of
such events provide key information to understanding and
stopping the poisoning (Mateo-Tomas et al. 2012, Marquez et al.
2013). However, data on poisoning events obtained from
unstandardized reports are limited and most incidents go
unreported (Berny 2007, Ogada 2014).

The red bean (Vigna angularis) is one of the crops regularly
associated with poisoning incidents in Taiwan. To avoid bird
damage during the seeding and sprouting stages of red beans,
some farmers typically mix carbofuran and grains to reduce the
population of pest birds (Hong et al. 2018). Because the red bean
producing area (Fig. 1) is also an important foraging area for
Black Kites, preventing bird poisoning on red bean farms is a top
priority. Several seeding methods reduce bird damage to Soybeans
(Glycine max) especially those that involve burying seeds in the
soil (Firake et al. 2016). In Taiwan, of the three main seeding
methods for red beans, both “large seed drill” and “seeding and
plowing” include the practice of covering seeds with soil (Chen
2011). Therefore, we predict the third method, “broadcast
seeding”, which does not cover the seeds with soil will experience
the most damage from birds and result in stronger motivation for
farmers to set poisoning baits.

Moreover, we noticed the presence of poultry farms in the red
bean production areas, primarily open-air duck farms. In Europe,
the presence of poultry and dairy farms was related to higher bird
abundance and survival because these facilities provide stable feed
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and safe nest-sites (Hiron et al. 2013, Salek et al. 2015, Salek et
al. 2018). However, large congregations of birds likely result in
adjacent farmers taking increased anti-bird measures.
Consequently, the presence of duck farms adjacent to red bean
farms is hypothesized as a potential factor influencing intentional
poisoning incidents.

Fig. 1. The distribution map of bird poisoning incidents in red
bean farms of 12 townships in October and November 2016.
Black diamonds are incidents in fields adjoining duck farms
(within 200 m), and hollow diamonds are incidents in fields not
adjoining duck farms (> 200 m). Gray lines are survey routes
that were recorded by volunteers. Six routes were not recorded.
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Our overarching goal was to understand the extent, distribution,
and influencing factors affecting the practice of intentional
poisoning on red bean farms. We investigated the prevalence of
intentional poisoning with considerable efforts contributed by
volunteers. In particular, we tested the effect of the seeding
method used and the presence of adjoining poultry farms as two
hypothesized factors that influence the behavior of intentional
bird poisoning.

METHODS
Study area

The study area was in southern Taiwan, the main red bean
producing area (Fig. 1), which is a plain containing both
farmlandsand villages. In addition to red beans, other major crops
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Table 1. Number of bird poisoning incidents, survey effort, duck farms, and ratio of seeding methods within 12 investigated townships

in 2016.
Township Area of red Bird Fields Survey ratio Duck farms’ Ratio of seeding methods (%)
code bean (ha)+ poisoning examined (%)
incidents
Large seed drill Seeding and Broadcast seeding
plowing

A 1145 0 540 18.9 5 11.6 74.4 14.0
B 185 1 118 25.5 17 82.2 1.7 16.1
C 513 4 534 41.6 0 2.5 38.1 59.4
D 330 0 336 40.7 12 74.4 18.6 7.0
E 1475 32 1080 29.3 89 55.1 37.6 7.2
F 149 7 301 80.8 61 76.0 16.7 7.3
G 742 0 861 46.4 25 11.1 77.8 11.1
H 577 3 625 433 2 30.6 31.0 38.4
I 159 2 180 453 12 38.9 20.8 40.3
J 252 0 377 59.8 1 24.8 70.6 4.6
K 207 1 398 76.9 5 8.6 77.4 14.0
L 175 1 91 20.8 4 17.6 70.6 11.8

Total 5909 51 5441 36.8 233 32.1 49.0 18.9

"Area of red beans planted in 2016 (Council of Agriculture 2017).

The number of fields examined multiplied by an estimated average block area (0.4 ha) to obtain the total survey area, and then divided by the total area of

red beans in that township.
*Number of duck farms in each township (Council of Agriculture 2016).

included rice (Oryza sativa),edamame (a cultivar of Glycine max),
betel nuts (Areca catechu), and bananas (Musa sapientum). Twelve
townships grow red beans, each with more than 140 ha in
cultivation (Table 1), accounting for 93.7% of the total area (6,305
ha) used for red bean production in Taiwan in 2016 (Council of
Agriculture 2017). There were 233 duck farms (mostly Anas
platyrhynchos domesticus) in the study area; 64.4% were located
in townships E and F (Council of Agriculture 2017).

Red beans are usually planted in mid-October, after the second
rice crop, and are harvested the following January. Three seeding
methods are practiced by red bean farmers: large seed drill,
seeding and plowing, and broadcast seeding. The first two
methods involve covering the seeds with soil, while the latter does
not. The large seed drill plants and covers the seeds at the same
time. This method is the most efficient; it reduces the amount of
seed needed by 28% while increasing yield by 20% compared to
broadcast seeding (Chen 2011), a financial benefit to the farmers.
However, the large seed drillis expensive and availability is limited.
Seeding and then plowing with a small cultivator is an alternative,
though it is more labor intensive than the other two methods. The
amount of seed needed for this method is similar to broadcast
seeding but the yield is slightly less than the method of large seed
drill (Chen 2011). Broadcast seeding without plowing is the
roughest method. It requires less time and effort from the farmer,
but the yield is lower (Chen 2011). The different methods can be
distinguished clearly in appearance after seeding (Fig. Al.1).

Investigating bird poisoning incidents

We posted volunteer recruitment information on the Facebook
group, Bird Poison Report, Taiwan (https://www.facebook.com/
groups/1490158747925040/) in September 2016. This group was
set up in 2014 to collect data on avian poisoning incidents on
farmlands and, as of September 2016, included 3,409 members
(Hongetal. 2018). A total of 53 local residents or college students

volunteered for the study, and a contact group meeting and a
survey briefing were held before the investigation. Each township
was divided into two to four small regions according to the size
of the township and the density of the red bean farms. There were
a total of 31 regions (mean 983 £ 195 ha, * SD) in our study area
and all of them were surveyed. Each small region was assigned
to a group ranging in size from one to three people. Volunteers
were assigned to small regions near their home range if possible.
Their familiarity with the local area allowed the volunteers to
decide their own investigation routes. The boundaries of each
small region were set up on a shared Google Map, so volunteers
were able to navigate routes and identify region boundaries via
smartphones.

The investigator typically rode a motorcycle, moving slowly along
the farmland roads, and looked for dead birds in the red bean
farms. The red bean farms consisted of rectangular fields with
clear boundaries, typically 0.3-0.6 ha (see Fig. A1.2). The long
side of a field is~ 100 m, and most areas of the fields after seeding
are clearly visible. Thus, if there are dead birds in the field they
can usually be spotted from the adjacent road. Volunteers did not
need to enter the field during investigations. The survey period
was between October 5 and November 6, 2016, when red beans
were either being sowed or were sprouting. After mid-November
red bean plants have grown tall enough to hide the dead birds and
limit the reliability of the survey data. Because the planting time
varied in different fields, volunteers were asked to survey their
small region at least twice during this period to maximize the
chance of detecting intentional poisoning incidents. The first of
the two surveys was conducted before October 23, and the second
had to take place after October 23. Additionally, the surveys were
separated by at least one week.

If volunteers encountered dead birds during their survey, they
were asked to report the incident to us immediately. We verified
every bird mortality incident ourselves which included looking
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for poisoned baits, removing dead birds, recording the seeding
method used, and noting whether there are duck farms within
200 m of the field (Fig. 2). If dead birds were scattered across
several fields, it would only be counted as one incident. We
considered the presence of poisoned baits (usually small heaps of
rice or corn, Fig. A1.3) to be important evidence of intentional
poisoning, and birds typically die nearby. Since carbofuran is a
very quick-acting poison for birds, small birds die in less than a
minute after ingesting a small amount (Richards 2012, Hong et
al. 2018). Thus, this pest control method (i.e., heaps of rice or
corn laced with carbofuran) often causes a group of dead birds
and this was used as part of the criteria for categorizing mortality
events. If only one or two dead birds and no suspected poisoned
baits were found, the bird mortalities were not considered a
poisoning incident (Hong et al. 2018). If there were three or more
dead birds and poisoned bait was present, the bird mortalities
were considered a poisoning incident. We did not ask volunteers
tolook for poisoned baits since those baits are small and scattered
thus not as obvious as dead birds. In addition, some farmers may
use different poison methods to make their baits difficult to
identify. If there were three or more dead birds in a field, but we
could not find any bait, we collected the liver of one freshly dead
bird for multi-pesticide (i.e., 310 pesticides) residue testing
following Hong et al. (2018). Chemical analysis was conducted
by ABM International Lab Inc. located in Pingtung, Taiwan.
Limits of quantification of each pesticide ranged from 0.005 to
0.01 mg/kg.

Fig. 2. (A) The feed in duck farms often attracts a large number
of wild birds. (B) A red bean farm adjacent to a duck farm.

In addition to bird mortality incidents, volunteers were asked to
1) provide their survey routes using a smartphone app such as
Endomondo. By checking their routes (.gpx file), the survey effort
could be quantified and any missed areas were noted; 2) volunteers
were asked to record how many red bean fields they surveyed each
time. The number of surveyed fields was used to estimate the
percentage of red bean farms that were surveyed within each
township. Since the volunteers were still familiarizing themselves
with the methods and route during the first survey, we expected
that the second survey would be more comprehensive. Therefore,
only fields counted in the second survey were included in the
analyses to avoid double counting; 3) volunteers were also
instructed to randomly take pictures of at least 100 fields of the
red bean farm while surveying in each region. Based on these
pictures (Fig. Al.1), we were able to estimate the proportion of
seeding methods used in each township. Volunteers who finished
two surveys and provided data successfully received a
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commemorative T-shirt. We also provided accident insurance for
volunteers during their investigation.

Data analysis

Both first and second survey routes provided by volunteers were
checked for mileage and time spent. The number of surveyed fields
counted by volunteers was multiplied by 0.4 ha (an approximately
average field area) to estimate the surveyed area of each township.
The calculated survey area was then divided by the total planting
area of red bean farms in that township to estimate the survey
ratio (%).

One important goal of this study was to map distribution and
hotspots of bird poisoning incidents; therefore, the method was
designed to allow volunteers to investigate a large area in a
relatively short period of time. We did not ask volunteers to record
the seeding method of each field individually since it was time
consuming (i.e., thousands of fields). The seeding method and
presence of neighboring duck farms were recorded only in fields
where a bird poisoning incident was identified. Because of this
trade-off, the sampling unit would not be each surveyed field.
Additionally, the planting area and survey effort (i.e., survey ratio)
of each small region and township were not equal, so regions and
townships would not be compared with each other. Instead, to
test the study hypothesis, the proportion of seeding methods in
different groups (i.e., adjacent to duck farms or not) of bird
poisoning incidents was compared to the whole study area via
chi-squared tests as an alternative.

We performed three sets of chi-square tests. The first was the
proportion of seeding methods with all bird poisoning incidents
comparing to the whole study area. The second and third were to
test if an adjoining duck farm was a factor that would affect the
behavior of intentional bird poisoning practices of bean farmers.
The bird poisoning incidents were then divided into two groups:
incidents that were adjacent to duck farms (< 200 m) and incidents
that were not adjacent to duck farms. The proportions of seeding
methods of these two groups were compared to the whole study
area respectively.

When we removed dead birds from fields in each incident, we
recorded the species and numbers. To test if the number of dead
birds was also affected by seeding methods and the presence of
duck farms, a two-way ANOVA was adopted. The sampling unit
here was each bird poisoning incident. Statistical tests were
performed using SPSS version 25 (IBM Corp.).

RESULTS

During the investigation, 94.3% of the 53 volunteers finished two
surveys and all 31 small regions were surveyed at least twice. Total
mileage was approximately 2,536 km (mean 31 + 20 km / survey
+SD), and 263 hours (mean 3.3 £ 1.9 hr/survey £ SD). Six routes
were not recorded. A total of 5,441 fields were examined in the
second survey, and approximately 36.8% of all red bean farms in
the study area were covered (Table 1).

There were 51 bird poisoning incidents in red bean farms and six
incidents in other crops (rice or corn fields). For the incidents in
red bean farms, eight were found in the first survey, and 43 were
found in the second survey. We removed 1,995 dead birds (mean
39.1 £ 29.7 / incident £ SD, range 5 - 158) consisting of eight
species, of which 81.8% were Eurasian Tree Sparrows (Passer
montanus), followed by three species of Columbidae (12.8% Red
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Collared-Dove Streptopelia tranquebarica, 3.9% Spotted Dove
Streptopelia chinensis, and 1.4% Rock Pigeon Columba livia). No
dead Black Kites were found during the survey. We did not find
obvious baits in nine incidents; however, the nine birds analyzed
(one from each of the nine incidents) contained detectable
concentrations of carbofuran residue (range 0.007 - 125.3 mg/kg,
Table Al.1), indicating all these incidents (despite no obvious
poisoned baits) were also associated with intentional poisoning.

In the whole study area, seeding and plowing was the main seeding
method for red beans (49.0%), followed by the large seed drill
(32.1%) and broadcast seeding (18.9%) (Table 1). In bird
poisoning incidents, 14 (27.5%), 14 (27.5%), and 23 (45.1%)
incidents belong to seeding and plowing, large seed drill, and
broadcast seeding, respectively. The proportion of poisoning
incidents across the three methods was significantly different from
the whole study area (X = 26.924, df =2, p <0.001, Fig. 3A). For
incidents that were not adjacent to duck farms (n = 24), the
proportion of broadcast seeding raised to 79.2% (X = 60.445, df
=2, p <0.001, Fig. 3B). However, in the 27 incidents adjacent to
duck farms, the main seeding method was the large seed drill and
showed no difference between incidents and whole study area (X
=1.931,df =2, p = 0.381, Fig. 3C).

The two-way ANOVA test indicated that the number of dead birds
was not affected by seeding methods (F, ,; = 0.314, p = 0.732),
but was affected by the presence of duck farms (F, ,; = 7.452, p
< 0.01). These two factors had no interaction in this test (F, ,; =
1.222, p = 0.304). The number of dead birds was significantly
greater in incidents that adjoined duck farms (51.1 + 34.8, n =
27) compared to incidents not adjacent to duck farms (25.6 £ 14.0,
n = 24) (Fig. 4).

DISCUSSION

Red beans are an important and famous crop of the autumn
agricultural season in southern Taiwan. In 2014 and 2015, 24
intentional bird poisoning incidents (including multiple incidents
at the same locations in different years) were reported from this
region to the Facebook group Bird Poison Report, Taiwan (Hong
et al. 2018). In this study, with considerable volunteer efforts and
a standardized method, we documented an additional 51
incidents and were able to map hot spots of poisoning activity. In
addition, our results both provided new insights regarding seeding
methods and indicated that the presence of adjoining poultry
farms affects the number of intentional bird poisonings and
exacerbates the severity of poisoning incidents.

Broadcast seeding was the most common seeding method in bird
poisoning incidents. In the incidents not adjoining duck farms,
the proportion of broadcast seeding was even higher. Our results
indicated that the fields where the other two seeding methods were
used (both of which cover seeds with soil) were less likely to have
incidents of poisoning. This finding is similar to results from
soybean, where covering seeds with soil reduced the extent of
birds feeding on the seeds (Firake et al. 2016). We suggest
promoting the changing of seeding methods from broadcast
seeding to the other two methods to help reducing bird damage
of red bean and lower the farmer’s motivation for poisoning birds.
However, in the incidents adjoining duck farms, the most common
seeding method was the large seed drill, and the proportion of
the three methods was not different from the whole study area.
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Fig. 3. (A) Ratio of seeding methods between total farms and
farms with bird poisoning incidents (n = 51); (B) ratio of
seeding methods between total farms and farms with bird
poisoning incidents which did not adjoin the duck farms (n =
24); (C) ratio of seeding methods between total farms and
farms with bird poisoning incidents adjoining the duck farms
(n=27).
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We found that the seeding method effect was not significant in
poisoning incidents adjoining duck farms. In addition, the
number of dead birds in those incidents was twice as high when
compared to incidents without duck farms. This phenomenon is
in line with our hypothesis: birds congregating at duck farms
resulted in adjoining farmers taking anti-bird measures,
regardless of seeding methods. And because of the high density
of birds around duck farms, the extent of poisoning incidents was
more serious. Over 60% of duck farms were located in townships
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E and F, which made these two townships hot spots of bird
poisoning incidents, despite the fact that the proportion of large
seed drill is relatively high in these two townships. Several studies
in Europe suggested farmsteads (e.g., poultry and dairy farms) in
simplified agricultural landscapes are local bird diversity hotspots
and the key factor to support wild bird survival in winter (Hiron
et al. 2013, Salek et al. 2015, Salek et al. 2018). In contrast, our
study indicated that poultry farms may be functioning as
ecological traps presumably due to elevated levels of intentional
poisoning by farmers.

Fig. 4. Number of dead birds in poisoning incidents adjacent to
duck farms (n = 27) and not adjacent to duck farms (n = 24).
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Additionally, the Taiwanese government has implemented
regulations requiring poultry farmers to construct bird barriers
(i.e., anti-bird nets) around feeders. These regulations were written
in response to the risk of spreading avian influenza from wild
birds to poultry (Scherer et al. 2011, Burns et al. 2012, Jeong et
al. 2014). If poultry farms do not implement bird barrier measures
around feeders, the poultry farms will be fined. Based on our
observations, the barriers in most duck farms were damaged or
had holes, hence the measures were often ineffective. If the
barriers were maintained and fewer wild birds congregated at
duck farms, surrounding farmers might have less motivation to
put out poisoned bait, thereby reducing the chance of bird
poisoning incidents at fields near duck farms. Future research is
needed to understand the effect of duck farm management on
farmland bird abundance, distribution, and survival.

Carbofuran is the most common pesticide to be used for pest bird
control in Taiwan. In a study where 29 birds collected from
incidents in a variety of crops were tested for pesticides, 96.6% of
them contained carbofuran, and only one bird contained terbufos,
another highly toxic insecticide (Hong et al. 2018). This pest bird
control method of mixing grains with carbofuran liquids or
powders (37%, 40%, or higher concentration) was frequently
mentioned in government guidelines published in the 1980s (Hong
etal. 2018). Carbofuranisalso one of the most common pesticides
used to poison wildlife illegally in Europe. It has been completely
banned in European Union in 2008 (Berny et al. 2015, Ruiz-
Suarezetal. 2015, Ntemiriet al. 2018, Di Blasio et al. 2020). Based
on the LD, value and average body weight, 5 g of carbofuran
product could kill 4,167 Common Kestrels (Falco tinnunculus)
(Ruiz-Suarez et al. 2015).
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We did not find poisoned baits in nine poisoning incidents. During
interviews, some farmers reported using alternative methods for
poisoning birds. One method is to treat red bean seeds with
carbofuran directly, instead of setting poisoned baits. The other
method s that farmers distribute 3% carbofuran granules in fields.
Granular carbofuran was another option to reduce bird damage
that was promoted in early agricultural articles in Taiwan (Hong
et al. 2018). There is much evidence that carbofuran granules are
ingested by birds with lethal consequences (Balcomb 1983,
Stafford and Best 1999, Mineau et al. 2011). It is currently
controversial whether such killing of pest birds is illegal given that
the Taiwanese Wildlife Conservation Act gives farmers the right
to protect their crops. However, the two methods of using
carbofuran treated seeds and distributing carbofuran granules are
illegal because carbofuran is not an approved pesticide for red
beans. Therefore, better enforcement of this regulation is another
potential pathway to reducing intentional bird poisonings.

Chemical pesticides are serious threats that farmland birds are
facing worldwide (Mineau and Whiteside 2013, Costantini 2015,
Stanton et al. 2018). Birds may be poisoned deliberately (the case
in this study) or victimized unintentionally, for example, with
imidacloprid-treated seeds (Millot et al. 2016, Eng et al. 2019).
Determining harmful substances and exposure routes is the key
to solve the problem. In Taiwan, although carbofuran was
introduced as an effective tool to reduce bird damage in the 1980s
and continues to date (Hong et al. 2018), public awareness on this
issue is still limited. When media reports on bird poisoning
incidents, the cause is often described as an overdose of pesticides
on crops or ingestion of rat poison. These misconceptions do not
help to solve the real problem. In addition, as mentioned above,
some farmers did not use typical poison baits or pesticides (i.e.,
terbufos) which makes it harder to determine the cause of bird
death.

The internet community (i.e., a Facebook group) plays an
important role in the issue of bird poisoning in Taiwan (Hong et
al. 2018). The community can quickly attract the attention of the
public and gather people who care about the subject, including
scientists. Since volunteers usually have no related background,
the survey method must be designed as simply as possible with
clear instructions. Some necessary work still needs to be done by
the researchers, such as looking for poison baits to determine the
cause of each incident, identifying the species of dead birds and
counting the number, and sometimes interviewing the farmers.
However, in this study we have demonstrated that the inclusion
of citizen scientists greatly enhanced our ability to collect the
necessary data at a meaningful scale. With careful design and
communication, the citizen scientists can play an important role
in conservation. One thing should be noted is that there are often
different opinions regarding complicated conservation issue on
the Internet. When posting the volunteer recruitment information
and when interviewing farmers, we emphasized that the purpose
of this study was to solve agricultural-wildlife conflicts with a
positive mindset, instead of blaming farmers’ behavior on
intentional bird poisoning.

Cases of secondary poisoning of Black Kites have raised
awareness in Taiwan about intentional bird poisoning practices
(Honget al. 2018). These poisonings occur in many kinds of crops
which have bird damage problems, not just red beans (Hong et
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al. 2018). Bird damage may occur in different seasons and growth
stages as a result of different bird species and may require a variety
of solutions depending on the crop. For red beans, the government
is promoting the use of large seed drills by providing a subsidy to
purchase the equipment. Bird barrier measures also are checked
more frequently in duck farms to ensure compliance. In addition,
high concentration carbofuran was banned in 2017; only granules
with a concentration of 3% remain available. The newly edited
Conservation Action Plan for Black Kites in Taiwan has pointed
out that the Black Kite is an indicator species of the health of the
agricultural environment, and to improve their survival status
may thus contribute to the wellbeing of the whole agricultural
ecosystem (Lin et al. 2019). We hope this is a good example of
how to solve agricultural-wildlife conflicts while also protecting
Black Kites and other farmland birds.

Responses to this article can be read online at:
https://www.ace-eco.org/issues/responses.php/1954
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Appendix 1.

Table A1.1 In nine Red Bean farms without obvious bait, one dead bird from each
farm was tested for pesticide residue. We detected carbofuran in all nine birds with
concentrations for each bird listed below.

N o

10

11

No. Species' Township Carbofuran (mg/kg)
1  Spotted Dove C 0.007
2 Red Collared-Dove E 1.463
3  Eurasian Tree Sparrow E 0.184
4 Light-vented Bulbul E 125.2
5 Eurasian Tree Sparrow E 3.089
6 Eurasian Tree Sparrow F 4.633
7  Red Collared-Dove F 13.25
8  Spotted Dove H 0.031
9  Eurasian Tree Sparrow H 4.054

" Scientific name: Eurasian Tree Sparrow Passer montanus, Spotted Dove
Streptopelia chinensis, Red Collared-Dove Streptopelia tranquebarica, Light-vented

Bulbul Pycnonotus sinensis
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Fig. A1.1 Three different seeding methods of Red Bean in south Taiwan: A) large seed
drill, B) seeding and plowing with small cultivator, and C) broadcast seeding without
plowing (rice stalks still exist).

B 5807 5
5 BZ 8418
3 8418
o« . . BEiga 80 -

Fig. Al.2 Satellite imagery (22.569661, 120.500485) of duck farms and adjoining Red
Bean farms (light gray fields). The area of one field is usually between 0.3-0.6 ha.
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Fig. A1.3 A) & B) The poisoned baits used to control bird damage were usually rice
or corn. C) & D) The dead birds in Red Bean farms were mostly Eurasian Tree
Sparrows (Passer montanus) and Columbidaes.
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