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Does land irrigation actually reduce foraging habitat for
breeding lesser kestrels? The role of crop types
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Abstract

The lesser kestrel is a Globally Threatened Species which large decline has been related to recent agricultural changes in Euro-
pean pseudo-steppes. Irrigation is considered as one of the major threats for this and other steppe birds, but the actual effects of
irrigation on foraging habitat selection have been scarcely examined. We studied the selection of traditional dry cereal farming
and irrigated habitats by foraging lesser kestrels during the breeding cycle, paying especial attention to possible differences among
crop types. Field margins were the scarcest but the most positively selected habitat, and different stages of cereals cultivated follow-
ing traditional practices were selected depending on the breeding and agriculture cycles. Effects of irrigation were dual. While irri-
gated maize and other crop types were avoided, alfalfa was used in proportion to its availability and later highly selected after
harvesting. Moreover, field margins in irrigated land were selected in a similar way than in traditional dry farmland. Therefore,
although maintaining low-intensity farming is still the main recommendation for this species, new management options arise when
social pressure makes irrigation unavoidable. Further agri-environmental schemes in these circumstances should thus promote cul-
tivation of alfalfa with a low input of biocides while avoiding maize, together with increasing field margins, to make compatible
irrigation withlesser kestrel conservation.
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1. Introduction

Agriculture intensification has been related to the
dramatic decline of birds adapted to low-intensity farm-
ing systems (Donald et al., 2001). A case of special con-
cern are Iberian pseudo-steppes, which hold a large
proportion of species with unfavourable conservation
status (Suarez et al., 1997). Pseudo-steppes are domi-
nated by the extensive cultivation of cereals in flat land-
scapes on a 2-year rotational basis, resulting in mosaics

“ Corresponding authors. Tel.: +34 95 4232340; fax: +34 95
4621125.

E-mail addresses: ursua@ebd.csic.es (E. Ursta), serrano@ebd.
csic.es (D. Serrano).

of cereal fields, stubbles, ploughed and fallow land, com-
bined with sheep grazing. This system has changed dra-
matically in many areas looking for more profitable
farming systems. These changes include a great reduc-
tion of fallow land and field margins, changes in crop
types, sharply increases of irrigation lands, abuse of bio-
cides and fertilizers, and the abandonment or afforesta-
tion of marginal lands (Suarez et al., 1997).

The lesser kestrel Falco naumanni has been used as a
target species for examining the effects of agriculture
intensification on bird conservation. This is a small,
insectivorous falcon typically inhabiting Palearctic pseu-
do-steppes during the breeding season, being classified
now as a Globally Threatened Species due to its major
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decline, especially in its European range (Tucker and
Heath, 1994). Analyses of landscape features (Busta-
mante, 1997) and habitat selection studies (Donazar
et al., 1993; Tella et al., 1998) suggested that the decline
of the speciesin Spain was due to recent agricultural
changes, while other hypotheses did not reach support
(Negro et al., 1993; Forero et al., 1996; Rodriguez and
Bustamante, 2003). There is also evidence for the nega-
tive impact of agricultural changes on the species in Por-
tugal (Franco and Sutherland, 2004), Turkey (Parr
et al., 1997), and Kazakhstan (Tella et al., 2004).

Land irrigation is one of the most important causes
of alteration in pseudo-steppes, mainly through the
intensification and change of crops, and a rise in the
use of chemical compounds (Herrero and Snyder,
1997), being considered as one of the major threats for
the conservation of steppe birds (Suarez et al., 1997).
However, the impact of irrigation on bird populations
has been scarcely assessed (Brotons et al., 2004). In the
case of the lesser kestrel, evidence is restricted to the
facts that its breeding densities were negatively related
to the proportion of irrigated land in Southern Spain
(Bustamante, 1997), and that wintering lesser kestrels
significantly avoided newly irrigated fields in North
Spain (Tella and Forero, 2000). It is largely unknown,
however, whether all kind of irrigated crops are equally
avoided, since previous studies pooled irrigated crop
types. Our aim here was to assess the relative contribu-
tion of traditional dry cereal farming and irrigated land
on foraging habitat selection during their breeding cycle,
paying especial attention to differences among crop
types to derive effective conservation strategies.

2. Study area and methods

We conducted this study on an area of ca. 250 km? of
Los Monegros (Bujaraloz-Pefialba, Ebro valley, NE
Spain), where habitat selection of breeding lesser kes-
trels was previously studied (Tella et al., 1998; Tella
and Forero, 2000). This area holds the largest local pop-
ulation of lesser kestrels (307 breeding pairs in the study
year, 2002) of the Ebro valley (see Serrano and Tella,
2003). This valley has been historically transformed into
a large pseudo-steppe devoted to dry cereal farming
using traditional practices, such as the maintenance of
fallows, little use of fertilizers and biocides, and the
existence of numerous field margins. However, current
irrigation plans are being developed to replace the cereal
fallow system with intensive cultures (Herrero and Sny-
der, 1997; Tella et al., 1998).

Measures of habitat availability and selection were
obtained following the same methodology used in winter
1997 (Tella and Forero, 2000). We choose an itinerary of
38 km of unpaved roads; the first plot of the itinerary
(65.5%) covered the proportion of dry-farmed land

and the second (34.5%) of irrigated crops. Colonies are
widespread within both plots, so we do not expect any
kind of bias due to their spatial distribution. The sur-
faces occupied by natural vegetation, salt lakes, field
margins, and agriculture land were taken from Tella
and Forero (2000), since their relative extent has re-
mained largely constant in recent years. The proportion
of surface occupied by each kind of crop within agricul-
ture land, however, has greatly changed due to irrigation
programs. We obtained it by linearly measuring the
extension of crop types in both sides of the itinerary
using the kilometer gauge in the car (Parr et al., 1997;
Tella and Forero, 2000).

This itinerary was surveyed for foraging lesser kes-
trels by driving a car at a slow speed in good weather
conditions. The almost linearly designed itinerary pre-
cluded us from sampling the same individual more than
once on the same survey. Moreover, similar habitat
selection patterns of radio-tracked individuals and tem-
poral duration of the study guaranteed that our results
were not biased by pseudoreplication (see Tella and For-
ero, 2000). We only recorded birds hovering or hunting
from perches. When they were over a point situated at
less than three meters from a field margin we assigned
them to this habitat. If a foraging bird changed of hab-
itat or field crop, we did not consider the new one to
avoid pseudoreplication. No biases in the detectability
of kestrels along the itinerary or among habitats are
likely, given the flatness of the area and the short vege-
tation (Tella and Forero, 2000).

Both the availability of habitat and the selection
made by lesser kestrels were studied in the mate feeding
(last ten days of April) and the chick-rearing (from late
June to late July) periods. Mate feeding has been shown
to positively affectlaying date and clutch size (Donazar
et al., 1992), while nestling starvation dueto food scar-
city strongly affects breeding success (Tella et al., 1998;
Rodriguez, 2004), thus justifying the study of habitat
selection during both periods (Tella et al., 1998). Sur-
veys were spaced at least 2-3 days to reduce the possibil-
ity of contagious events of habitat selection (e.g., the
temporal upsurge of prey in a single crop field, Tella
et al., 1998). Therefore, we obtained three surveys for
the mate-feeding period and eleven surveys for the
chick-rearing one.

Habitat selection in each sampling period was ana-
lysed using the Savage selectivity index w; = Ui/p; (Tella
and Forero, 2000), where U; is the proportion of obser-
vations recorded in a given habitat and p; is the propor-
tion of that habitat against total available habitat. This
index varies from 0 (maximum negative selection) to 1L
(maximum positive selection), 1 indicating no selection
(Manly et al., 1993). The statistical significance of this
index was obtained by comparing the statistic
(w; — 1)*/se(w;)* with the corresponding critical value
of a v* distribution with one degree of freedom, the null



hypothesis being that birds use habitats in proportion to
its availability. T werrar:of the index [se(w;)]
was calculated by
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1/261 p b 6u iP|, where u. is the to-
tal number of foraging records sampled (Manly et al.,
1993). Statistical significance was obtained after apply-
ing the Bonferroni correction for the number of statisti-
cal tests.

3. Results

Most of the study area was occupied by agriculture,
natural vegetation covering less than 8% of the surface.

Availability of different kind of crops and its stages var-
ied slightly between April and July, as a result of pro-
gressing farming labours (see Figs. 1(a) and 2(a)). The
most remarkable change was the almost disappearance
of growing unirrigated cereals from April (when occupy-
ing 40% of the area) to July due to harvesting, being
thus replaced by dry cereal stubble. Conversely, irri-
gated maize stubble (15%) and irrigated ploughed fields
(5%) available in April disappeared in July and irrigated
harvested alfalfa decreased from ca. 4-0.5%, to be
mostly replaced by growing maize (from 3.5% to 16%)
and growing alfalfa (from 3% to 13%) in the same irri-
gated landholdings. The rest of agriculturalland uses
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Fig. 1. (a) Proportion of habitat available and used by lesser kestrels (sample sizes above bars), and (b) values of the Savage selectivity index (+se) for
each habitat during the mate-feeding period. The horizontal line shows the index value (=1) indicating no habitat selection.
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Fig. 2. (a) Proportion of habitat available and used by lesser kestrels (sample sizes above bars), and (b) values of the Savage selectivity index (+se) for
each habitat during the chick-rearing period. The horizontal line shows the index value (=1) indicating no habitat selection.

remained rather constant between the two periods, with
moderate (unirrigated ploughed fields: 11%, abandoned
fields: 9%) to minor availability (long-term unirrigated
fallows: 1%, unirrigated legumes: 0.8%, irrigated cereals:
0.3%, irrigated cereal fallow: 0.4%, irrigated legumes:
0.5%). Field margins in dry and irrigated areas only
occupied 0.55% and 0.25% of the available habitat,
respectively.

A total of 288 observationsof foraging lesser kes-
trels were registered, 89 of them during the mate-feed-
ing period and 199 during the chick-rearing period. In
April, lesser kestrels used significantly less than ex-
pected the most abundant habitat, i.e., unirrigated

growing cereals (w;=0.40, se(w;) =0.11, p < 0.0001),
while positively selected the smallest surfaces occupied
by field margins both in unirrigated (w;= 10.21,
se(w;) =0.10, p<0.0001) and irrigated areas (w;=
13.48, se(w;))=0.19, p<0.0001) (Fig. 1). Irrigated
maize stubbles were also used more than expected
(Fig. 1(a)), although the selectivity index was much
lower than in the case of field margins (w;= 3.93,
se(w;) = 0.11, p <0.0001; Fig. 1(b)). Natural vegetation
and abandoned fields were used in proportion of its
availability (wj=0.75 and 1.25, respectively), while
the rest of habitats were significantly avoided (all
=0.00, p<0.0001; see Fig. 1(b)).



Habitat selection changed somewhat between April
and July. The most common habitat in April, unirri-
gated cereals, was now used in proportion to its availa-
bility both when still not harvested and later as stubble
(Fig. 2). The scarcely represented field margins were
again positively selected both in unirrigated (w;=
35.33, se(w;) =0.06, p<0.0001) and irrigated areas
(w; =10.05, se(w;) = 0.12, p <0.0001). Irrigated alfalfa,
however, was now selected after harvested (w;= 33.17,
se(w;) = 0.07, p<0.0001) as much as were field margins
in unirrigated areas, while it was used in proportion to
its availability when still growing (Fig. 2). Natural veg-
etation also was used in relation to its availability, while
abandoned fields were now significantly avoided
(w; = 0.39, se(w;) = 0.07, p<0.0001; Fig. 2(b)). The rest
of habitats were used significantly less than expected
(w; ranges = 0.00-0.50, all p<0.0001; see Fig. 2(b)).

4. Discussion

Agri-environmental programs have been extensively
promoted by the European Common Agricultural Pol-
icy to alleviate the ecological impact of modern agricul-
ture. However, results of these schemes have been not
always effective (e.g., Kleijn et al., 2001; Suarez et al.,
2004), due in part to a still insufficient understanding
of wildlife habitat requirements and its responses to
agriculture management. This study contributes to
cover this need for a target pseudo-steppe species in
two ways.

First, our results reinforce previous conclusions
when studying habitat selection during the chick-rear-
ing period by using a more accurate method (radiote-
lemetry) eight years ago in the same area (Tella
et al., 1998) and, by extending the study to the pairing
period, it supports the need of considering the whole
annual cycle for designing adequate management ac-
tions (Tella and Forero, 2000; see also Blanco et al.,
1998 for other species). Combining present with previ-
ous results, field margins constitute the preferred forag-
ing habitat, although being the scarcest, for lesser
kestrels along the annual cycle. Then, traditionally-
farmed cereals are selected depending of their crop
stage and moment of the year. These habitats are al-
ways less preferred than field margins but, in turn, they
quantitatively offer a much greater surface. Habitat
preferences were related to the differential availability
and/or accessibility (i.e., due to vegetation structure)
of arthropod prey for lesser kestrels (Tella et al.,
1998). Recent work has shown that habitat selection
patterns correspond with the availability of prey in
each habitat, being much higher in field margins than
in crops (Rodriguez, 2004). All together, the promotion
of field margins and the maintenance of a mosaic of
low intensity, rotational cereal cultivation, avoiding

land abandonment and afforestation, are again high-
lighted as the main recommendations for conserving
lesser kestrel populations.

Second, we provide here a significant contribution to
our ability to undertake effective action. Although irri-
gation has been expected as a major threat for this and
other steppe bird species (Suarez et al., 1997; Tella
et al., 1998; Tella and Forero, 2000; Brotons et al.,
2004), we are showing here that it still may offer ade-
quate foraging habitats. Field margins in irrigated
and dry farming areas are selected in a similar way
in both study periods, suggesting that abundance of
suitable arthropods in margins is not greatly affected
by irrigation, and that it may be partly independent
of the crop types surrounding them. Some irrigated
crops such as maize are avoided, given that its height
(1.6-2 m) and uniformly dense vegetation cover pre-
clude kestrels to capture prey (Donazar et al., 1993),
and they are only punctually used once harvested. Irri-
gated alfalfa, however, offers an adequate vegetation
structure (20-30 cm height) and thus is used in propor-
tion to its availability during the chick-rearing period,
being highly selected once harvested to reach similar
levels than field margins in unirrigated areas (Fig.
2(b)). These results open new expectances for effective
application of alternative agri-environmental manage-
ment, taking into account the increasing pressure for
implementing irrigation schemes.

Recent Spanish plans included the irrigation of
600,000 ha over the next few decades (Suarez et al.,
1997), most of them affecting pseudo-steppe areas with
a high ornithological interest (Suarez-Seoane et al.,
2002; Brotons et al., 2004). For example, irrigation
has yet substituted 101,480 ha of pseudo-steppe in
the lesser kestrel breeding area in Aragon and will
cover other ca. 18,000 ha more in the next four years.
This figure is a relative conservation success given that
about 100,000 ha were excluded from irrigation pro-
jects for the conservation of threatened steppe species
such as the lesser kestrel. Therefore, whensocial pres-
sure makes irrigation unavoidable, there is the new op-
tion to manage crop types. Agri-environmental
schemes should promote cultivation of alfalfa while
avoiding maize in areas relevant for this species (see
also Wolffet al., 2002). Active management should also
increase the surface of field marginsin irrigated land.
Finally, we must to take into account that irrigation
is youngin our study area, where there was no tradi-
tion for high biocide and fertiliser inputs (Tella et al.,
1998) and probably are still few used by the same land-
owners. There is evidence that its higher utilisation in
other intensively managed agrosystems drastically re-
duces the prey of lesser kestrels (Rodriguez, 2004).
Therefore, the potential compatibility of irrigation with
lesser kestrel conservation would be only possible by
also promotinga low input of contaminants.
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