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SUMMARY.—Economical versus ecological development: a case study with white storks in a cattle farm.
Aims: Wildlife and humans compete for natural resources generating conflicts that sometimes trans-

late into financial loss. In this study, the economical costs of the upkeep of a white stork Ciconia ciconia
colony at a cattle farm over a six-year period were evaluated. Furthermore, the effect of ash lopping in nest
site selection and the efficacy of nest removal in controlling the population of this species was analysed. 

Location: The ash dehesa studied was located in the Northern area of the Madrid province, in both
Soto del Real and Manzanares el Real localities (40º 44’ N, 3º 49’ E), from 1999 to 2004.

Methods: Estimation was made of the economical cost of white stork colony maintenance by esti-
mating the total weight of branches and bud shoots on the ashes. The tree type (lopped or unlopped) was
noted to determine nest site selection where new nests were established in the subsequent year after lop-
ping. Finally, it was recorded if removed nests (by the Regional Government as a method of population
control) were less like to rebuilt in function of previous breeding success (failed or not). 

Results: Storks mainly selected lopped trees as nest sites. To avoid the increase of white stork pairs in
the colony, lopping was not carried out in subsequent years, causing economical losses to landowners (a
minimum of 13,902.33 € in six years). In addition, due to the high nest-site fidelity in this species, the to-
tal number of nests in the colony was not reduced by nest removal. Nests that contained a pair that failed
in their reproductive attempt were less likely to be rebuilt in the consecutive breeding season. The results
showed that selective nest removal (removal of nests which failed the previous year) might be a more ef-
fective method for population control than nest removal methods used to date. 

Conclusions: Due to the low total economic cost of colony maintenance, it is proposed that econom-
ical compensation by the regional government to the farm owners will be a more effective management
measure than nest removal.  

Key words: ash, Ciconia ciconia, lopping, nest removal, nest-site fidelity, wild species on private
property.

RESUMEN.—Desarrollo económico o ecológico: estudio con cigüeñas blancas en una granja de
ganado.

Objetivos: La fauna salvaje y los humanos compiten por los recursos naturales generando conflictos
que en algunos casos pueden traducirse en pérdidas económicas. En este estudio, se evalúan los costes
económicos del mantenimiento de una colonia de cigüeña blanca Ciconia ciconia en una granja de gana-
do durante un periodo de seis años. Además se analiza el efecto de la poda de los fresnos en la selección
de los lugares de nidificación y la eficacia de la retirada de nidos como medida de control de la pobla-
ción en esta especie.
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INTRODUCTION

Wildlife and humans compete for natural
resources generating conflicts that sometimes
translate into financial cost. Wildlife manage-
ment by public administrations considers the
use of economic aid as a measure to diminish
these conflicts. For this reason local and re-
gional governments require studies evaluating
the economic costs produced by wildlife for
application to policy decisions. In Spain, there
are several known cases of conflicts generat-
ed by wild species on private property. One ex-
ample is the damage to cattle caused by the
grey wolf Canis lupus in Northern Spain (Blan-
co et al., 2002; Talegón, 2004). Another is the
conflict between the brown bear Ursus arctos
and honey collectors and fruit cultivators in the
Cantabrian Mountain Range (BOPA, 2002;
Naves and Fernández-Gil, 2002). In both cas-
es, regional governments allocated part of their
public funds to mitigate the effect of these
species on the affected local economies. The
purpose of such compensatory funds is to lib-

erate farmers, ranchers and other stakeholders
from the responsibility of the conservation of
wild species (BOPA, 2002).

One case not yet completely evaluated is that
of the white stork Ciconia ciconia. The white
stork builds large nests in anthropogenic habi-
tats causing recognised damage to power lines
and buildings. The heavy nests placed on the
poles, as well as the excrement of nestlings and
adults deposited on pylons, cause short-circuits
of power lines, constituting an important eco-
nomic and operational problem for power com-
panies (Navazo and Lazo, 1999; Negro, 1999;
Infante and Peris, 2003). In addition, build-
ing structures, primarily the tiles, undergo sub-
stantial deterioration. In some regions, the im-
portance of such problems has necessitated the
implementation of economic aid to building
owners (BOLR, 2003, 2004). Nest construc-
tion in trees has not been considered a prob-
lem due to it being a local phenomenon and to
date no measures for management plans for
this species have been taken. However, in the
Madrid province 25 % of the population breeds

Localidad: Dehesa de fresnos situada en la zona norte de la Comunidad de Madrid, entre las locali-
dades de Soto del Real y Manzanares el Real (40º 44’ N, 3º 49’ E), de 1999 a 2004.

Métodos: Se estimó el coste económico del mantenimiento de la colonia de cigüeña blanca mediante
la estimación del peso total de las ramas y los sarmientos de los fresnos. Para determinar la selección de
los lugares de nidificación se anotó el tipo de árbol (podado o no podado) en los que se construyeron los
nidos en los años posteriores a la poda. Finalmente se anotaron sí los nidos retirados (por el Gobierno
Regional como método de control de la población) fueron vueltos a construir en función del éxito repro-
ductor (fracaso o no) de la temporada precedente. 

Resultados: Las cigüeñas seleccionaron principalmente los árboles podados para construir sus nidos.
Para evitar el incremento de parejas en la colonia, no se podó en los años siguientes, produciendo unas
pérdidas económicas para los propietarios (un mínimo de 13,902.33 € en seis años). Por otro lado, debido
a la alta fidelidad al nido en esta especie, la retirada de nidos no redujo el número total de nidos de la co-
lonia. La probabilidad de que un nido se construyese de nuevo, fue menor en los nidos que contenían una
pareja que falló en la reproducción. Nuestros resultados muestran que la retirada selectiva de nidos (reti-
rar los nidos de los individuos que fallaron en la temporada anterior) podría ser un método más efectivo
para el control de la población que los métodos de retirada de nidos realizados hasta la fecha.

Conclusiones: Debido a que el coste económico total de mantenimiento de la colonia es bajo, propo-
nemos la compensación económica por parte del gobierno regional a los propietarios de la granja podría
ser una manera más efectiva de gestión que la retirada de nidos.

Palabras clave: fresno, Ciconia ciconia, poda, retirada de nidos, fidelidad al nido, especies salvajes en
propiedad privada.
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on farms whose landowners suffer from the
maintenance of large stork colonies (pers. obs.).

The white stork has been considered a vul-
nerable species with unfavorable conservation
status in Europe (SPEC 2; Tucker and Heath,
1994). In Spain, it was categorized as “Of Spe-
cial Interest” at the national scale (BOE, 1990)
and “Vulnerable” at a regional scale for the
Madrid province (BOCM, 1992). However, the
current situation of the species has improved
greatly both in Spain (Martí, 1999, 2003) and
in the Madrid province (Aguirre and Atienza,
2002). One of the primary factors influenc-
ing this recovery has been the increased pres-
ence of rubbish dumps that provide the storks
a constant food source (Martinez, 1995). Due
to the increase in population numbers, the white
stork has been removed from the most recent
list of threatened vertebrates in Spain (Madroño
et al., 2004), which renders it a non-priority in
recovery plans of threatened species. Nonethe-
less, in the Madrid province the white stork has
recently benefited from the white stork Recov-
ery Plan (BOCM, 1991). For this reason, a
study of the potential economic burden on prop-
erty owners for the maintenance of large
colonies would be useful to environmental ad-
ministrators in devising more realistic man-
agement measures in the recovery plan. 

Trees used by the white storks as nest sites
are primarily located in dehesas. The dehesa
is a traditional Spanish forest-use system in
which timber harvesting, cattle rearing and
agricultural activities are carried out in the same
area (Pardo and Gil, 2005). Ashes Fraxinus
spp. are the dominant tree species making up
dehesas in the Sierra de Guadarrama (Spanish
Central Range). Ashes reduce pasture drying
and bud shoots (annual branches) represent a
reliable source of supplementary food for
cattle once the pasture is totally consumed (Ce-
ballos y Fenández de Cordoba and Ruiz de la
Torre, 1971). Ash branches are sold as fire-
wood and bud shoots are used for feeding
cattle. Farmers traditionally lop the ashes leav-
ing only the trunk (Ceballos y Fenández de Cor-

doba and Ruiz de la Torre, 1971). Lopped ash-
es constitute an optimal support for white stork
nests, especially in the Madrid province
(Aguirre and Atienza, 2002). The conflict in
the dehesas of the Sierra de Guadarrama
(Madrid) emerges from the fact that ashes with
nests cannot be lopped in order to protect the
storks and additionally, lopping of ashes with-
out nests is not advisable in this region in or-
der to avoid the installation of new stork pairs.
Landowners complain about the regional gov-
ernment regulations. The government was
aware of this conflict, and hence promoted
measures to minimize this problem, such as re-
moving stork nests outside of the breeding sea-
son. A realistic evaluation of the economical
losses and the efficacy of nest removal could
mediate in this conflict. 

In this study, the economical cost resulting
from the maintenance of a white stork colony
installed in a private dehesa was analysed. The
cost for the farmers was determined in terms
of firewood sale and cattle feeding. In addi-
tion, it was studied whether the installation of
nests on ashes results in the death and fall of
the tree, which would increase the economic
cost for the farmers. Furthermore, the effect of
ash lopping in nest site selection and its impor-
tance in the increase of the white stork popu-
lation in the Madrid province was analysed. Fi-
nally, the efficacy of nest removal in controlling
the population of this species was analysed.

MATERIAL AND METHODS

The ash dehesa studied was located in the
northern area of the Madrid province, in the
localities of Soto del Real and Manzanares el
Real (40º 44’ N, 3º 49’ E). The farm is located
in the Cuenca Alta del Manzanares Regional
Park (CAMRP). Using an aerial photograph of
the dehesa, all trees (559) were mapped and
numbered for subsequent identification. In De-
cember 1999, farmers lopped 115 ashes (20 %
of the ashes in the dehesa). Notes were taken
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of the tree type (lopped or unlopped) where
new nests were established in the subsequent
year (2000) and all fallen trees from 1999 to
2004.

Economic cost

To determine the economic cost of white
stork colony maintenance, the total weight of
branches and bud shoots remaining on the ash-
es was estimated. To these weights the current
price of firewood (0.08 €/kg) was applied in
the case of branches and the price of grass
bought for cattle feeding (0.15 €/kg) corre-
sponding to the weight of bud shoots that farm-
ers could not give to the cattle. Prices were
provided by the Spanish Ministry of Agricul-
ture, Fishing and Food (2004). To estimate fire-
wood weight, measurements were carried out
by direct counting on 28 randomly selected
ashes of the number of branches and bud
shoots, the average diameter of the base of
such branches and the average length of the
branches. Using these values, the branch
volume was calculated considering the branch
as a truncated cone: 1/3 * π * H * (R2 + rR +
r2), where H is the branch length, R is the ra-
dius at the base of the branch and r is the ra-
dius at the end of the branch. For all branch-
es r was considered as 0.5 cm. The weight was
calculated using the density value 0.75 gr/cm3

(Mazzocchi, 1953). The volume of bud shoots
(considered as circular cones) was also calcu-
lated assuming that length and diameter
were 50 and 1 cm, respectively. Density of
wood for bud shoots was estimated as in the
branches (0.75 gr/cm3). Trees without nests
were randomly selected by introducing tree
codes (numbers) into a Microsoft Excel sheet
and randomly assigning them numbers by us-
ing the random function and selecting the first
28. To be conservative, the economic losses
were calculated, assuming that ashes had
matured a minimum of six years before being
lopped had been measured (1999 was the

last year in which it is certain  that no lop-
ping was conducted). Although it is possible
that several of these selected ashes were lopped
previously, since ashes from the dehesa are
lopped every ten years, the results are not great-
ly underestimated.

Nest removal

Due to the increase in pair numbers in the
colony (see results), managers of the CAM-
RP ordered a total or partial nest removal on
60 trees each winter of 2000, 2001 and 2003
resulting in a total of 180 nests removed dur-
ing those years. The removed nests were
recorded during February 2002 and 2004. Vis-
its to the colony were made at the end of the
breeding season (May-June) in order to deter-
mine the total number of nests in the colony,
breeding outcome (defined as a binary vari-
able where “0” was assigned to nests with no
chicks produced, and “1” to nests with at least
one chick produced) and to record the trees in
which a nest was rebuilt after removal. Nests
removed in 2002 were from different trees in
2004. The eff icacy of nest removal was
analysed by comparing the breeding outcome
of the previous year in rebuilt and non-rebuilt
nests. Although this species has high rates of
nest-site fidelity, nest-switching is more like-
ly in storks that failed in breeding in the pre-
vious year (Vergara et al., 2006). We used STA-
TISTICA (StatSoft,  1999) in all  of the
analyses. All tests are two-tailed. 

RESULTS

Colony increase and nest placement

The white stork colony in the dehesa stud-
ied increased considerably over the last 16 years
from one pair in 1989 to 168 in 2004. A total
of 206 nests placed in 203 trees were moni-
tored during the study period (Fig. 1). All the
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FIG. 1.—Evolution in the number of pairs breeding at the colony. Lopping and nest removal episodes are
indicated with black and white arrows, respectively. Source of data previous to 1999, A. González and
CAMRP staff (personal communication).
[Evolución en el número de parejas reproductoras de la colonia. Los episodios de poda y retirada de ni-
dos se indican con flechas negras y blancas respectivamente. Los datos previos a 1999 proceden de A.
González y del personal del CAMRP (comunicación personal).]

nests (64) built in the subsequent year to lop-
ping activities (1999) were placed in lopped
ashes. This indicates that lopped trees were pos-
itively selected against unlopped trees (χ2

1 =
279.04, P < 0.001). Average tree use for plac-
ing the nest in the dehesa over the study peri-
od was 36.31 % (203 out of 559). Between 1999
and 2004, 17 (8.86 %) trees holding a nest fell
while only three (0.84 %) of the trees without
nests fell (χ2

1 = 21.26, P < 0.001). 

Economic cost

Average weight of firewood obtained from
each tree in 2004 was 321.98 kg which
means an economical benefit of 24.14 €/tree/6-
yr.  The weight  of  bud shoots  was 4.91
kg/tree, which means an economical benefit
of 0.73 €/tree/6-yr. Consequently, if there were
559 trees on the farm in 1999, the minimum

economic benefit in terms of firewood and bud
shoot sales that could be produced on the farm
in six years will be 13,494.26 € and 408.07 €,
respectively. The minimum total economic cost
resulting from storks on the farm will be
13,902.33 €/6-yr. 

Nest removal

A mean of 88.3 % of nests removed on the
orders of the regional administration were new-
ly rebuilt (Table 1). During the three breeding
seasons in which nests were eliminated, the av-
erage number of nests in the colony increased
(Fig. 1). There are significant differences be-
tween rebuilt nests in breeding success in the
previous season, hence destruction of nests was
more effective in those nests that failed in breed-
ing during the previous season than in those
that succeeded (χ2

1 = 4.87, P = 0.027, n = 38).
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DISCUSSION

Tree selection and nest placement

The stork colony studied increased notably
from 1989 to 2004. The highest increases were
observed in the years 2000 and 2001 (64 and
38 new nests respectively, Fig. 1). This dras-
tic increase coincided with intensive lopping
activities carried out in the dehesa during De-
cember 1999, since 100 % of the new nests in
the year 2000 were placed on lopped ashes.
These results confirm that storks choose lopped
trees to install their nests. 

Large differences in fallen trees with and
without nests must be carefully considered. It
is true that more trees holding nests fall, how-
ever storks positively select trees with fewer
branches. Birds will install their nest on a
tree as soon as the tree becomes old and starts
losing branches or is lopped. It is not clear from
this study that nests directly cause the death of
the tree. Such tree death is primarily caused by
age, lack of humidity, freezing (Anic et
al.,1999; Bobinac and Vuckovic, 1999; Madera
and Uradnicek, 2001) or lightning which is
quite common in the study area (pers. obs.).

Economic cost

Upkeep of a white stork colony imposes sev-
eral economic costs on the owner, which trans-
late into the loss of income from firewood sales.
The results showed that lopped trees are select-
ed preferentially by storks (as mentioned
above), and if the aim is to control the num-
ber of pairs in this colony, lopping should no
longer be carried out in the future. Consequent-
ly, the loss of possible firewood and bud shoot
sales from trees on the farm must be included
in the economic costs of the colony. 

Nest removal

The low numbers of trees with removed nests
during the February visits in 2002 and 2004
(7.7 and 14 %, respectively) must be due to the
fact that by the time nests were checked most
of them had already been rebuilt. Most of the
arrivals to the colony occur during the months
of December and January (Vergara et al., 2004,
2007), so birds have enough time to rebuild
their nests. Nest removal has proven an inef-
fective method since most of the nests have
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TABLE 1

Number of removed nests and constructed again on each visit. In parentheses the percentage is given of
rebuilt nests from total of removed nests.
[Número de nidos retirados y vueltos a construir en cada visita. Entre paréntesis se indica el porcentaje
de nidos reconstruidos del total de nidos retirados.]

Year [Año]

2001 2002 2004

Removed nests 60 60 60
[Nidos retirados]
Removed and constructed again (February) Not measured 46 (76.7 %) 34 (56.7 %)
[Retirados y construidos de nuevo (febrero)] [No medido]
Removed and constructed again (June) 52 (86.7 %) 53 (88.4 %) 54 (90 %)
[Retirados y construidos de nuevo (junio)]



been rebuilt and pair numbers have consistent-
ly increased. Fairly inefficient results have been
obtained under similar situations (Navazo and
Lazo, 1999). The high nest-site fidelity rate of
white storks (Barbraud et al., 1999; Prieto,
2002) results in birds occupying the same nests
as in previous years. One of the main factors
affecting nest fidelity in this species (Vergara
et al., 2006) and other species (Blums et al.,
2002; Hoover, 2003) is the breeding success
or failure during the previous season, which
could explain results concerning rebuilt nests
according to breeding failure or success dur-
ing the previous year. Naturally, if a pair fails
to breed, it is most likely that nest switching
will occur independently of the removal or
maintenance of the nest. Removed nests may
also belong to young pairs, which are still de-
veloping their breeding skills and show more
intense nest switching tendencies (Schulz,
1998; Vergara et al., 2006). Nest removal must
therefore be aimed at nests in which young pairs
have bred or intended to breed. Measures such
as nest removal do not reduce colony growth,
which has increased steadily since the study
began (Fig. 1). Lopping could be an important
causal factor affecting colony growth since
more nest substrates are available. The increase
observed one and two years just after lopping
has never been observed again in the colony
(Fig.1), although some other unknown factors
not measured in this study, could also affect it.

No growth of the colony in the coming years
is predicted since there is no available substrate
(Fig. 1). The importance of this farm from an
environmental and economical point of view
could make it an appropriate case for imple-
menting measurements focused on sustainable
development which aims at a compromise
between farming and stork reproduction in a
way similar to already existing economic-eco-
logical models (Johst et al., 2001, 2002). Due
to the fact that the total cost of colony main-
tenance is low (a minimum of 13902.33 €/6-
yr.),  economical compensations by the
CAMPR to the farm owners will likely consti-

tute more effective management measures than
nest removals.
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