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Abstract
Effect of supplementary food on age ratios of European turtle doves (Streptopelia turtur L.).— Many farmland 
birds have difficulties finding sufficient food in intensely managed agricultural ecosystems, and in more extensively 
worked landscapes they are often attracted to human–induced dietary sources. European turtle doves Strepto-
pelia turtur feed on seeds collected on the ground, and are readily attracted to supplementary provided grain at 
feeding stations. Supplementary feeding is a common management practice on hunting estates around the world. 
This study was conducted in 40 hunting estates located in central west Spain: 20 sites where supplementary 
food was provided to attract turtle doves and 20 control sites without feeding stations. At sites with supplemen-
tal feeding, the field age ratio was 20% higher and the hunted age ratio was 33% higher than at control sites, 
indicating a positive effect of the food supplementation of the breeding success around supplemented sites. 
Both the amount of food provided per day and the amount of time where supplemental food was given (20–120 
days) were positively correlated with the field age ratio and, less strongly, with the  hunted age ratio. These data 
suggest that providing extra food can increase the breeding success of this species when the amount provided 
is sufficiently large and when supplementary food is provided early in the breeding season. However, hunting 
pressure was also higher at supplemented sites. Future studies should therefore closely monitor the positive and 
negative effects in order to ascertain which management practices will ensure the viability of these important 
European turtle dove populations.
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Resumen
Efecto de la alimentación complementaria en la razón de edad de la tórtola europea (Streptopelia turtur L.).— 
Son numerosas las aves de los hábitats agrícolas que tienen dificultades para encontrar suficiente alimento 
en los ecosistemas agrícolas intensivos y que, en los hábitats explotados de forma más extensiva, suelen ser 
atraídas por las fuentes antrópicas de alimento. La tórtola europea, Streptopelia turtur, se alimenta de semillas 
que se hallan en el suelo y es atraída inmediatamente por los cereales que se aportan como complemento 
a los comederos. El aporte complementario de alimento es una práctica habitual en la gestión de los cotos 
de caza de todo el mundo. Este estudio se realizó en 40 cotos de caza ubicados en el centro y el oeste de 
España: 20 zonas en las que se aportó alimentación complementaria para atraer a las tórtolas y 20 zonas de 
control sin comederos. En las zonas con alimentación complementaria, las razones de edad en el campo y 
en las aves cazadas fueron, respectivamente, un 20% y un 33% más elevadas que en las zonas de control, 
lo que indica que la alimentación complementaria tiene un efecto positivo en el éxito reproductivo en torno a 
las zonas con aporte de alimento complementario. Tanto la cantidad de alimento suministrado por día como 
el período en el que se aportó (20-120 días) se correlacionaron positivamente con la razón de edad en el 
campo y, con menos intensidad, con la razón de edad en las aves cazadas. Estos datos sugieren que el 
suministro de alimento extra puede aumentar el éxito reproductivo de esta especie si la cantidad aportada es 
suficientemente abundante y si se empieza a proporcionar a principios de la temporada de cría. No obstante, 
la presión cinegética también fue mayor en las zonas con aporte de alimento complementario, por lo que sería 
necesario analizar minuciosamente los efectos positivos y negativos de dicho aporte con vistas a determinar 
qué prácticas de gestión garantizarán la viabilidad de estas importantes poblaciones de tórtola europea.
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Introduction

The availability of food is a principal parameter deter-
mining breeding success in animals. The lack of an 
adequate food supply often leads to birds abandoning 
their brood, brood reduction, and poorer condition of 
offspring (Martin, 1987). Food supplementation there-
fore has consistent effects on parameters of breeding 
success in birds, such as earlier laying, larger clutch 
size, and accelerated population growth (reviews by 
Boutin, 1990; Schoech & Hahn, 2007). The use of 
supplemental feeding as a positive tool in species 
conservation has been consistently recommended 
(Schoech et al., 2008), although some unwanted effects 
may appear (Martínez–Abrain & Oro, 2013). In the 
case of some gallinaceous game species in Europe 
(pheasant Phasianus colchicus and quail Coturnix 
coturnix), supplementary feeding at hunting estates 
can influence the proportion of juveniles to adults, 
through an increase in reproductive success (Draycott 
et al., 2005; Díaz–Fernández et al., 2013). However, 
this practice may be negative if the hunting bag is 
not thoroughly controlled, because it can increase the 
hunting pressure excessively (Rocha & Hidalgo, 2001).

Although the distribution area of European turtle 
doves Streptopelia turtur is wide, they are restricted 
to warm, lowland areas, which are often agricultural 
areas (Cramp, 1985). In recent decades, the European 
turtle dove has experienced a widespread decrease 
both in population density and in its area of distri-
bution (Tucker & Heath, 1994; Jarry, 1997; Browne 
et al., 2005). This decline has led to its inclusion as 
Vulnerable in the Red Book of Vertebrates of Spain 
(Blanco & González, 1992; Madroño et al., 2004). 
As a result of this, and being a hunted species in an 
unfavorable demographic situation, this species is 
the subject of a management plan by the European 
Commission (Boutin, 2001; Lutz & Jensen, 2007). 
On the Iberian peninsula, the breeding population 
has declined significantly, by 29.3% between 1998 
and 2012 (SEO/BirdLife, 2013), and this decline has 
been particularly marked since 2008. 

European turtle doves feed primarily on the seeds 
of weeds (Murton et al., 1964; Dias & Fontoura, 
1996), especially at the start of the breeding season 
when seeds of cultivated plants are not yet available 
(Jiménez et al., 1992). Some studies suggested that 
late in the breeding season cereal seeds become 
available and then play a larger role (Jimenez et al., 
1992; Browne & Aebischer, 2003). 

On the Iberian peninsula, the European turtle dove 
is hunted from the second half of August to the first half 
of September, i.e. the late breeding season and the 
post–breeding migration. The hunting of this species 
is carried out using the 'fixed location' method, which 
takes advantage of birds passing to feeding areas 
such as crops and natural pastures, where they are 
shot at by a row of hunters. The European turtle dove 
plays an important role in Extremadura, where it is 
considered one of the main game bird species of this 
hunting season (Hidalgo & Rocha, 2001). However, 
there are as yet no studies on the economic value 
of this activity. 

Many hunters and estate managers use supplemen-
tary food to attract and concentrate the birds (Rocha 
& Hidalgo, 2001). Such supplementation consists of 
seed mixes of various oleaginous or leguminous cereals 
scattered throughout the crops or natural pastures. The 
feeding stations usually occupy an area of between 0.2 
and 5.0 hectares, although they can be larger. Currently, 
over 70% of the estates that hunt European turtle doves 
during August–September in Extremadura operate this 
kind of hunting management (Rocha, own data). 

Food supplementation on the hunting estates can 
start 1 to 4 months before the hunting season (Rocha, 
own data). At sites with early supplementation, this co-
vers most of the breeding season of the European turtle 
dove. Thus, food supplementation could influence the 
population dynamics of this species during the breeding 
season, including changes in abundance, breeding 
success, feeding ecology and migratory phenology.

It is known that a greater amount of food available 
on the estates attracts the European turtle dove since 
they are killed in greater numbers when extra food 
is provided (Rocha & Hidalgo, 2002). However, it is 
unknown to what extent supplemental food affects 
the productivity of the populations. 

The main objectives of this work were to summarize 
data on quantity and duration of the food supplemen-
tation at hunting estates and to study how this game 
management practice influences reproductive success. 
Specifically, we tested whether the breeding success 
of the European turtle doves was influenced by the 
supplemental feeding at hunting estates by comparing 
the age ratio of populations of post–breeding aggrega-
tions in the second half of August. Observations of age 
ratios are a widely used method to estimate breeding 
success in birds (e.g., Wagner & Stokes, 1968; Newton, 
2001; Flanders–Wanner et al., 2004; Peery et al., 
2007). Although observations of age ratios in the field 
do not provide a direct measure of productivity, they 
have proven to be a useful technique because they are 
relatively easy to apply, yet they avoid time–consuming 
and potentially harmful nest searches. 

Methods

Study species

The European turtle dove is a migratory species that 
winters in the African Sahel and breeds in large parts 
of Europe, Asia and North Africa (Cramp, 1985). 

In the Iberian peninsula, its main habitats are the 
areas populated by holm oaks (Quercus ilex L.) and 
cereal cultivation, where they present densities of 
some 2.3 birds/10 ha (Muñoz–Cobo, 2001). In the 
central and western part of the Iberian peninsula they 
nest among small to medium sized oaks, in a mix of 
natural pasture and cultivated habitats (Peiró, 1990; 
Rocha & Hidalgo, 2002). In these areas, they can rea-
ch densities of up to 10.5/10 ha (Santamaría, 2007). 
They also inhabit open areas with scattered trees 
and shrubs, riverine forests and orchards, and they 
are very scarce in coniferous woodlands, scrubland 
and all across the thermo–Mediterranean (Díaz et al., 
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1996). The study area has traditionally been one of 
the principal nesting territories of the European turtle 
dove in Spain (Rocha & Hidalgo, 2002).

Study sites 

The study area is located in the region of Extrema-
dura, in the central–western Iberian peninsula (fig. 1). 
This region has a rich biodiversity. More than 30% of 
the territory is included in the Natura 2000 ecological 
network (Fernández, 2004; Junta de Extremadura, 
2012) and 80% of the territory is subject to hunting 
rights (Lázaro, 2004). 

The predominant habitat on the hunting estates is 
the dehesa: open managed parkland used for livestock 
grazing within a savanna–like woodland of evergreen 
Quercus trees, mainly Q. ilex (holm oak) and Q. suber 
(cork oak). The dehesa is intermixed with cropland and 
Mediterranean woodland and scrub (Díaz et al., 1997). 

The use of feeding stations for hunting had been 
banned in Extremadura since 2007 (included) (Junta 
de Extremadura, 1991, 2007, 2008), but not in the 
surrounding regions. Despite being banned, 62% of 
estate managers where hunting takes place added 
supplementary food during the season 2004/2005 
(Hidalgo & Rocha, 2006). This hunting management 
is frequently used because it increases the number 
of birds hunted (Hidalgo & Rocha, 2001). 

During the spring and summer of 2009, 40 hunting 
estates with dehesa habitats were selected throughout 
the region where the European turtle dove has been 
hunted traditionally. These estates were split in two 
groups according to the provision or not of supple-
mental food. In the first group, hunting management 
involved consistently adding supplementary food year 
after year, dispersed throughout the crops and natural 
pastures (group with extra food added). Supplemental 
food was composed of mixtures of crop seeds: wheat 
(Triticum aestivum L.), sunflower (Helianthus annuus 
L.) and vetch (Vicia sativa L.). The estates with feeding 
stations always provided the same amount of food 
every year, and for the same duration of time. In the 
control group, no supplementary food was added to the 
environment and the birds fed on seeds from crops and 
natural pastureland (group without extra food added). 

The size of the estates did not differ between supple-
mented and control sites (mean ± sd: 661.5 ± 132.9 ha; 
t–test: t38 = –0.84, P = 0.41). The mean number of 
hunters per estate (± sd) was 11.8 ± 2.6, and did not 
differ between supplemented and control sites (t–test: 
t38 = –0.71, P = 0.48). There are no data on movements 
of turtle doves in Spain, but in two English populations, 
the mean foraging distances for radio–tagged doves 
were 450 m and 1,400 m (Browne & Aebischer, 2003). 
The sites in our study area were over 10 km distant 
from each other (fig. 1). We thus assume that the 
population recorded at each site was mainly local.

Data collection

The following data were collected at supplemented 
sites: the amount of food added (in kilos) and the 
duration (in days) of the food supplementation until 

the beginning of the hunt. These data were freely 
provided by estate staff in charge of the food supple-
mentation. Age ratios were estimated as an indicator 
of the breeding success by counting the number of 
young birds observed after the breeding season (in the 
second half of August), compared to the total number 
of adults (young/adults), just before the beginning of 
the migratory season (Cramp, 1985). 

Post–breeding age ratios are a common tool to 
estimate the reproductive productivity in monitoring 
programmes. Age ratios can be obtained easily and 
economically, while avoiding biases due to disturbance 
at the nest in sensitive species such as turtle doves. 
In the present study, age ratios were measured using 
two different methods based on the proportion of young 
to adult birds among live birds observed in the field 
(termed 'field age ratio') and birds killed during the hunt 
(termed 'hunted age ratio'), respectively. 

The field age ratio was obtained by observation, 
from a hidden fixed position, of live birds perched, 
where the difference between young and adult birds 
could be directly ascertained as they gathered in post–
reproduction groups or 'aggregates'. Field age ratios 
have been successfully used in work on this species 
in Andalucía (SEO/BirdLife, 2002). Field age ratios are 
important parameters when trapping methods influence 
the age ratio sample of the population (e.g., Domènech 
& Senar, 1997). Hunted age ratios of turtle doves were 
determined in Morocco, where they were found to de-
pend largely on reproductive productivity and hunting 
pressure (Hanane, 2009). To determine the 'field age 
ratio', we conducted observations once in each estate, 
from between 2 and 10 days before the hunt started. 
Post–reproduction groups were observed and counted 
in all 20 supplemented sites. However, in the control 
group, data were obtained from 11 of the 20 sites 
because post–reproduction groups were not located in 
the remaining nine estates. On the 11 estates, post–re-
production groups were found at feeding sites such as 
harvested fields, where food can be found but is not as 
concentrated as at supplemented sites. On observation 
days, one person per estate occupied an observation 
point (hidden) before the birds began to arrive (at dawn). 
This point was located near the feeding area, so that the 
birds were seen at a distance of 20–40 m. The observer 
remained there for 30 min recording the birds that came 
with a telescope 20–40 x, differentiating young and adult 
birds by identifying the presence or absence of the 'collar'. 
The 'collar' is a distinctive feature of the neck plumage of 
adult European turtle doves. It is composed of feathers 
that form black and white bands (Cramp, 1985; Sáenz 
de Buruaga et al., 2001). Young European turtle doves 
usually have no collar, although some juveniles birds 
hatched from early broods may have a partial collar. 
Thus, birds with partial collars were always considered 
juveniles. Double counting was avoided by using the 
data of the birds recorded in the peak of simultaneous 
concentration. A total of 982 birds were observed (773 at 
supplemented sites and 209 at control sites).

The 'hunted age ratio' was determined at supple-
mented and control sites during the first hunting 
weekend in 2009 (22–23 August), in order to ensure 
that all of the hunted individuals belonged to the local 
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breeding population and not to passing migratory po-
pulations which appear from the north from September 
onwards and mix with the local populations (Fernán-
dez & Camacho, 1989; Rocha & Hidalgo, 2002).

Each estate was visited on the day of the hunt 
in order to count the young and adult birds shot, as 
well as the number of hunters involved. The ratio of 
young to adult birds, obtained at the end of the hunt, 
is a simple parameter used previously on the Iberian 
peninsula (Gutiérrez, 2001). In total, 4,132 killed birds 
were observed (3,154 in the group with extra food 
and 987 in the group without extra food). 

Data analysis

Data analyses were carried out in the R environment (R 
Development Core Team, 2013). Normality was tested 
using Kologorov–Smirnoff tests and Q–Q plots. Means 
were compared using unpaired Student’s t–tests. Ge-
neral linear models were used to analyze the influence 
of the quantity of supplementary food and the time it 
was available on the field on hunted age ratios. This 
relationship was visualised with contour plots produced 
with the function vis.gam from the R package mgcv. A 
general lineal model was used to compare the correla-
tions between field and hunted age ratios between the 
supplemented and control sites, by defining hunted age 
ratio as dependent, supplement (yes/no) as factorial 
predictor and field age ratio as covariate. The models 
were initially carried out with two–way interaction terms, 
but these were removed as they did not reach statistical 
significance. We used Mann Whitney U–tests to com-
pare the number of turtle doves killed per hunter and 
day on the estates with extra food and those without 
extra food. All tests were two–tailed.

Results

Differences between supplemented sites and control
sites

The mean field age ratio (fig. 2) based on the obser-
vation of post–breeding aggregates was significantly 
higher at supplemented sites (mean ± sd: 1.61 ± 0.19) 
than in control sites (1.43 ± 0.27; t–test: t29 = –2.13, 
P = 0.04). The mean hunted age ratio at supplemen-
ted sites (1.84 ± 0.22) was also significantly higher 
(t–test: t38= –6.83, P < 0.001) than at control sites 
(1.38 ± 0.19). 

The hunted age ratio was correlated with the field 
age ratio, but the regression functions differed bet-
ween supplemented sites and controls (fig. 3; linear 
model: F1,28 = 21.8, P < 0.001; effect of field age ratio: 
F1,28 = 7.9, P = 0.009).

At control sites, the hunted age ratio did not vary 
significantly from that obtained from the killed bird 
count (paired t–test: t10 = 0.8, P = 0.422). At supple-
mented sites, in contrast, the field age ratio was lower 
than the hunted age ratio (1.61 ± 0.19 vs. 1.84 ± 0.22; 
paired t–test: t19 = –3.52, P < 0.001).

The total number of birds killed per hunter varied 
significantly between groups (Mann–Whitney U–test: 
Z = –4.17, P < 0.001). At supplemented sites, an ave-
rage of 12.74 ± 9.52 European turtle doves per hunter 
per day were killed (n = 3,154), while the average was 
3.91 ± 4.54 at control sites (n = 978).

Age ratio variation within supplemented sites

The quantity of supplementary food added annually 
ranged from a minimum of 300 kg to a maximum of 

N

Control sites
Supplemented sites
10 km

Extremadura 
region

Iberian 
peninsula

100  0  100   200 km

Fig. 1. Location of the region of Extremadura on the Iberian peninsula and distribution of the estates.

Fig. 1. Localización de la región de Extremadura en la península ibérica y distribución de los cotos.
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go, 2001). In the present study, in contrast, age ratio 
was analyzed before the onset of migration. 

The hunted and field age ratios at supplemented 
sites in the present study were higher than in Andalusia, 
where they ranged from 1.15 to 1.25 (Gutiérrez, 2001). 
This could be explained by the positive effect of the 
increased availability of food, availability being a limiting 
factor in the dry ecosystems of these latitudes from May 
to September, i.e. during the breeding season. In this 
respect, Rocha & Hidalgo (2002) found that European 
turtle doves largely depend on the dehesa zones of 
cereal cultivation during the breeding season. This 
type of habitat is highly suitable because it provides 
abundant food and quiet and protected nest sites for 
the birds (Santamaria, 2007). In recent decades, the 
acreage used in the region for cereal cultivation has 
decreased notably (e.g., 1,500,000 ha since the 1980s 
across Spain; Olona, 2014), while cereal production 
has increased due to the agricultural intensification 
put in place by the Common Agricultural Policy of the 
European Union (Alés, 1996; Naredo, 1996; Robson, 
1997). The loss has especially affected less intensi-
vely managed and marginal areas, which were a very 
suitable habitat for European turtle doves. Therefore, 
the increased age ratio of the European turtle dove in 
areas where supplementary food was added could be 
considered a response to the lack of naturally available 
food due to the scarcity of crops. 

Several studies highlight the susceptibility of this 
species to agricultural changes (increased intensity, 
changes in crops, pesticide use, etc.), both in breeding 
areas and wintering quarters (Browne & Aebischer, 
2004; Browne et al., 2005; Wilson & Cresswell, 2006; 
Eraud et al., 2009). Supplementary feeding could be 
used as a management tool to contribute to mitiga-

1,300 kg (mean ± sd: 785 ± 275 kg). The contribution 
of food, from when it was added until the beginning of 
the hunt, had a range of 100 days, with a minimum 
of 20 to a maximum of 120 days (72 ± 30 days). The 
amount of food supplied was greater when food was 
supplied over a longer time (R2 = 0.567, P < 0.001). 
Therefore, daily supplement rates were calculated and 
included as predictor variables in GLMs.

The daily amount of food provided and the duration 
of the supplementation correlated positively with the 
field and hunted age ratios (table 1, fig. 4). Together, 
the amount and duration of the supplementation 
explained 47 and 31% of the variation in field and 
hunted age ratios, respectively (fig. 4). The correlation 
coefficient was higher for field age ratios (R2 = 0.408) 
than for hunted age ratios (R2 = 0.227). 

Discussion

The present data suggested a positive influence of 
food supplementation on the number of juveniles pre-
sent at the end of the breeding season, suggesting 
a higher breeding success. A higher percentage of 
juveniles hunted, compared to field observations clo-
se–by, suggests that juveniles behave less cautiously 
at feeding sites or have a slower escape response 
than the more experienced adult birds.

Effects of food supplementation on post–breeding
age ratios 

The effect of artificial feeding on the turtle dove age 
ratio had previously been investigated over a longer 
period including postnuptial migration (Rocha & Hidal-

Fig. 2. Field age ratio (observed in post–reproduction aggregates) and hunted age ratio in estates with food 
supplementation and control sites in Extremadura, Spain, in late August 2009 (mean and standard error).

Fig. 2. Razón de edad obtenida en el campo (observada en agregados posreproductores) y razón de 
edad en las aves cazadas, en cotos con aporte de alimento complementario y en las zonas de control en 
Extremadura, en España, a finales de agosto de 2009 (media y error estándar). 
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Fig. 3. Relationship between field age ratio and hunted age ratio of European turtle doves in 20 estates 
with food supplementation and 11 control sites in Extremadura, Spain, in late August 2009. No field age 
ratio could be established for the remaining nine control sites because no post–breeding aggregations were 
located at these sites in the days preceding the late–August hunt.

Fig. 3. Relación entre la razón de edad en el campo y en las aves cazadas de tórtola europea en 20 cotos 
con aporte de alimento complementario y 11 zonas de control en Extremadura, en España, a finales de 
agosto de 2009. No se pudieron obtener las razones de edad en el campo para las nueve zonas de control 
restantes porque no se localizaron agregados postreprodutores en estos sitios en los días precedentes a 
la caza de finales de agosto.

Table 1. Influence of food supplementation on 
the field and hunted age ratio, assessed using 
generalized linear models.

Tabla 1. Influencia del aporte de alimento 
complementario en la razón de edad en el campo 
y en las aves cazadas, utilizando modelos lineales 
generalizados.

GLM predictor F1,19  t  P

Dependent: field age ratio  

Days supplemented 15.1 5.0 0.001

Supplement/day (kg) 6.4 2.5 0.022

Dependent: hunted age ratio  

Days supplemented 4.7 2.2 0.043

Supplement/day (kg) 7.2 2.7 0.016

ting the decline of biodiversity produced by recent 
changes in European agricultural and livestock uses 
(Potts, 1997; Krebs et al., 1999; Donald et al., 2000). 
Likewise, planting cereal crops has been proposed 
as a management tool in addition to supplementary 
food supply, both in spring and in summer, in order to 
guarantee sufficient food during the breeding season 
and to increase productivity of the species (Rocha, 
2007; Gutiérrez–Bermejo, 2009; Rocha et al., 2009). 
The survival rate during the first year of life of this 
species is very low, around 36% (Calladine et al., 
1997); therefore, such measures would be effective 
provided they are not over–compensated by too high 
a hunting pressure. Mortality from hunting on breeding 
populations should not exceed the breeding capacity 
of the species. This would ensure the sustainability of 
the population in spite of hunting, since it would allow 
the annual return of birds to their breeding quarters 
because of the possible breeding philopatry of this 
species (Cramp, 1985).

Field vs. hunted age ratio

Regarding the methodology used to assess age ratios, 
the field and hunted age ratios did not differ signifi-
cantly at control plots, while at supplemented sites, a 
greater proportion of young birds were counted when 
using data from the hunt as opposed to data from 
direct observation. Thus, supplementation resulted 

in about 20% higher field age ratios, but up to 33% 
higher hunted age ratios. One plausible explanation 
for these differences may lie in the poorer escape 
response and lack of experience of the juveniles, 
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which are not so skilled in flight and encounter the 
shots of the hunters for the first time. Thus, juveniles 
would be killed more easily than the adults, artificially 
raising the ratio of young to adult birds. However, in 
areas with supplemental feeding, an increased hunting 
pressure could also partially explain the results here 
presented. Since the hunted age ratio was consistently 
larger than the field age ratio (a more reliable but 
more time–consuming method), an adjustment factor 
could be established to estimate breeding success 
from hunting bags. According to the present data 
of supplemented sites, hunted age ratios should be 
adjusted by a factor of 0.87 to obtain values similar 
to field age ratios. This correction factor would be 
useful for future studies.

A previous study in Extremadura reported a 
higher proportion of young to adult birds killed on 
estates with supplementary food than in control 
sites during the migratory period (Rocha & Hidalgo, 
2001). The larger proportion of young birds shot at 
supplemented sites might have a negative effect 
on the renewal of the population, leading to an 
ageing population and therefore the disappearance 
of breeding populations in the medium to long term 
(Rocha & Hidalgo, 2001). 

At 11 control sites, a total of 121 juveniles and 
81 adults were observed (a mean of 11.0 juveniles 
and 8.0 adults per estate). In comparison, a total 
of 477 juveniles and 296 adults were observed at 
20 supplemented sites (a mean of 23.9 juveniles and 
14.8 adults per estate). These observation numbers are 
2.2 times higher on supplemented sites for juveniles 
and 1.9 times higher for adults, suggesting a positive 
effect on breeding turtle dove populations.

However, this positive effect would be counteracted 
if the hunting pressure at the supplemented estates 
was even higher in relative terms. At the 11 control 
sites with observation data, a total of 410 juveniles 
and 281 adults were hunted (a mean of 37.3 juveniles 
and 25.5 adults per estate). In comparison, a total of 
2021 juveniles and 1,133 adults were observed at 
20 supplemented sites (a mean of 101.1 juveniles 
and 56.7 adults per estate). These numbers for the 
hunting pressure were 2.7 times higher on supple-
mented sites for juveniles and 2.2 times higher for 
adults. Based on these numbers, an increase of 2.2 
(positive effect of supplementary feeding) would be 
counteracted by a decrease of 2.7 (negative effect 
of increased hunting pressure) for juveniles, thus 
suggesting a stronger negative effect on breeding 
turtle dove populations than the gain by supplemental 
feeding. A similar reasoning applies to adults, where 
an increase of 1.9 (positive effect of supplementary 
feeding) would be counteracted by a decrease of 2.2 
(negative effect of increased hunting pressure). It has 
been mentioned in previous studies that increased 
pressure from hunting could cause serious problems 
for the species (Lucio & Purroy, 1992; Purroy, 1995, 
1997; Rocha, 2007; Gutiérrez–Bermejo, 2009). The 
present data support this point of view. The average 
number of birds killed per hunter per day was 3 times 
higher on supplemented sites than on control sites. 
Similar figures have been recorded previously in 
Extremadura, where the average in other years has 
reached up to 4 times more (Rocha & Hidalgo, 2001). 
However, our methods (a single observation period 
per estate) were not ideal, and the relative population 
numbers given here are therefore tentative and should 
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Fig. 4. Contour plot of fitted values for the age ratios.

Fig. 4. Gráfico de los valores ajustados para las razones de edad.
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be monitored more closely to ascertain which of the 
two opposing effects exerts a greater influence.

Additional factors may also need to be taken into 
account. For example, the species is also hunted 
in non–breeding zones, such as the open fields of 
cereals and sunflowers in the southern half of Ex-
tremadura (and other areas of Iberian peninsula), 
where the European turtle dove is only hunted in 
migratory passage (Puerta, 2011). A negative effect 
through overhunting of young birds is expected on 
the migratory populations from western and central 
Europe (Rocha & Hidalgo, 2001).

Effects of the annual amount of food added and the
duration of its availability 

On the estates where a greater amount of extra food 
was added, a higher age ratio was observed, and this 
relationship was stronger for the field age ratio than 
for the hunted age ratio (table 1). 

The field age ratio was especially strongly explained 
by the duration of the addition of food, suggesting that 
supplementation early in the breeding season had a 
particularly positive effect on the breeding success. 
European turtle doves can have up to three successive 
breeding attempts, and a longer supplementation would 
thus support early and late breeding attempts alike. In 
contrast, less variability was explained in the hunting 
age ratios by the amount of food added. This suggests 
that more variability in the hunting age ratios was ex-
plained by unknown factors that may also impact on 
the ratio of young to adult birds killed. These unknown 
factors could be related, among other things, to the 
variation in the hunting pressure applied on the esta-
tes, as occurs with other hunted species, such as the 
Woodcock (Scolopax rusticola) (Fadat, 1981). Hunting 
pressure may vary from estate to estate depending on 
variables such as the distance between hunters and 
the distance from the posts to the feeding zones, (the 
shorter the distance, the higher the pressure). These 
distances could facilitate or hinder the capture of young 
and adult birds, thereby affecting a greater variability in 
the proportions obtained. A further issue is the variety 
in the levels of marksmanship (shooting efficiency) 
between hunters from estate to estate. 

By providing food from the beginning of June to the 
end of August, managers and hunters would assure the 
existence of food readily available for most of the fee-
ding period of the chicks, from the eggs being hatched 
to their first flight and their preparation for migration.

These measures could also serve to avoid a pos-
sible reduction in the breeding season as occurred 
in the UK, decreasing the number of broods and 
causing a drop in the species' reproductive rates 
(Browne & Aebischer, 2004). These authors consi-
der that agricultural intensification over the second 
half of the 20th century has caused a clear change 
in feeding habits of turtle doves by decreasing the 
availability of wildflower seeds (probably due to ex-
tended herbicide use, disappearance of uncultivated 
land, degraded field edges, etc.). This could be the 
ultimate reason why food supplementation could be 
successful in increasing productivity.

Where turtle doves are hunted, however, over–ex-
ploitation of the breeding populations of the species is 
possible despite, or even helped by, supplementation 
due to its effects as bait. This will depend on the level 
of extraction that the hunt exerts on the populations: 
we thus suggest that hunting pressure needs to be 
carefully controlled for this migratory species due 
to its vulnerability (Madroño et al., 2004). It is also 
possible that migratory populations suffer from the 
negative effects of increased hunting at supplemented 
sites. In any case, we do not know to what extent the 
positive effects on productivity can be offset or even 
reversed by the effect of increased hunting pressure 
at supplemented sites for both breeding and migratory 
populations.

To limit the adverse effects of this practice in Ex-
tremadura, since 2008, the addition of extra food is 
permitted only when the hunters are situated more than 
200 meters from the edge of the area where the food 
is added (Junta de Extremadura, 2008). Furthermore, 
the distance between hunting posts has been limited 
to 50 meters and a quota of 15 European turtle doves/
hunter/day (reduced to 10 European turtle doves/hun-
ter/day since 2011) has been established. In this study 
we did not analyse the distances between hunters and 
the distance between hunters and feeding stations 
but it would be interesting to know if these variables 
effectively reduce the hunting pressure. 
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