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ABSTRACT.—We examined changes in diet composition during the breeding period for the endangered
Lesser Kestrel (Falco naumanni). Pellets were collected weekly from the last week of March until the first
week of July in a colony located in southwestern Spain. Diet composition was evaluated in terms of
frequency of occurrence of different prey, mean prey weight, and prey richness of each pellet. Generalized
additive models were used to analyze the predictive ability of calendar week (as an index to prey availabil-
ity), reproductive week (as an index to breeding demands), and nest identity (as a proxy for individual
preferences/abilities) on the above dietary metrics. Primary prey species were the mole cricket (Gryllotalpa
gryllotalpa) during courtship, the saddle-backed bush cricket (Ephippiger ephippiger) during incubation, and
the migratory locust (Locusta migratoria) and the white-faced bush-cricket (Decticus albifrons) during the
nestling phase. Small mammals were only important during some particular weeks at the beginning of the
nestling period. Mean prey weight increased as the breeding season advanced, while species richness
tended to decline. This was mainly due to the decreasing contribution of small prey items such as beetles
to the diet and the greater incidence of large prey species. Calendar week and reproductive week had similar
abilities to predict diet composition, and were better predictors than nest identity. Models fitted to particular
prey species had greater explanatory power than models fitted to prey groups. Likewise, models fitted to those
prey species that we considered ‘‘preferred’’ fitted better than those considered ‘‘refuge’’ prey.

KEY WORDS: Lesser Kestrel; Falco naumanni; diet; pellet analysis; phenology.

CAMBIOS TEMPORALES EN LA DIETA DE FALCO NAUMANNI DURANTE EL PERIODO REPRODUC-
TIVO EN EL SUR DE ESPAÑA

RESUMEN.—Se examinaron los cambios en la composición de la dieta de la especie de cernı́calo amenazada
Falco naumanni a lo largo del ciclo reproductivo. Se recogieron egagrópilas semanalmente desde la última
semana de marzo hasta la segunda semana de julio en una colonia situada en el suroeste de España. La
dieta se evaluó en términos de la composición de presas, el peso medio de las presas y la riqueza de presas
por egagrópila. Se utilizaron modelos aditivos generalizados para analizar la capacidad explicativa de la
semana calendario (como indicador de la disponibilidad de presas), la semana reproductiva (como in-
dicador de la demanda reproductiva) y el nido (como indicador de posibles preferencias individuales)
sobre los descriptores de la dieta antes mencionados. Las principales presas fueron Gryllotalpa gryllotalpa
durante el cortejo, Ephippiger ephippiger durante la incubación y Locusta migratoria y Decticus albifrons durante
el crecimiento de los pollos. Los micromamı́feros fueron importantes sólo durante algunas semanas, como
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la primera del crecimiento de los pollos. El peso medio de las presas aumentó a lo largo del periodo
reproductivo, mientras que la riqueza de presas tendió a disminuir. Esto fue fundamentalmente debido a una
disminución paulatina de especies de pequeño tamaño como los escarabajos y a la mayor constancia de presas
de mayor tamaño. La semana reproductiva y la semana calendario mostraron capacidades explicativas simi-
lares, mientras que el nido explicó mucho menos los cambios en la dieta. Los modelos ajustados a especies de
presas determinadas fueron mejores que los construidos para grupos de presas. De igual modo, los modelos
construidos para especies preferidas se ajustaron mejor que los elaborados para especies ‘‘refugio.’’

[Traducción del equipo editorial]

Diet studies are important for understanding dif-
ferent aspects of raptor foraging ecology, and their
conclusions are frequently applicable in the man-
agement of raptor populations (Marti et al. 2007).
Feeding behavior may vary by sex, age, habitat, and
season, with important consequences for popula-
tions (Newton 1998). For example, breeding rap-
tors may adjust their foraging behavior, habitat, or
prey selection to compensate for the increased daily
energetic requirements of reproduction (Newton
1979). The reproduction of raptors strongly de-
pends on food availability and patterns of variations
in breeding success are often associated with varia-
tions in food supply (Dijkstra 1988, Newton 1979,
1998). This is particularly important in insectivo-
rous raptors that depend heavily on insect popula-
tion outbreaks. Because reproduction imposes some
energetic constraints, such species may adjust their
breeding phenology to take advantage of peaks in
prey populations (see Newton 1998).

The Lesser Kestrel (Falco naumanni) is a small
(body length 29–32 cm, wingspan 58–72 cm) colo-
nial falcon that breeds in holes and crevices in large
urban buildings (such as churches and castles), and
in farmhouses in the countryside, as well as on cliffs
(Negro 1997). It inhabits steppe-like ecosystems
around the Mediterranean and central Asia. The
species is currently listed within the top category
of Species of European Conservation Concern
(BirdLife International 2004), due to population
declines. The reduction in both the extent and
quality of foraging habitats in its western Palearctic
breeding range appears to be the primary cause of
population decline (Peet and Gallo-Orsi 2000). This
is apparently true for the study population (south-
western Spain), where starvation is the primary
cause of nestling mortality (Negro 1997).

Lesser Kestrel diet has been studied in different
countries and seasons (Spain: Franco and Andrada
1977, Rodrı́guez 2004; Portugal: Rocha 1998;
France: Choisy et al. 1999, Lepley et al. 2000; South
Africa: Anderson et al. 1999, Kok et al. 2000, Kopij
2007). Most of the work indicates that Lesser Kes-

trels are primarily insectivorous, feeding mainly on
beetles, myriapods and grasshoppers in Europe, but
also on termites and solifuges in their wintering
grounds. However, ours is the first study focusing
on weekly changes in diet composition during the
breeding season and whether diet in different times
of the breeding season may suggest limitations in
prey availability for this endangered species.

STUDY AREA AND METHODS

Study Area. We studied the Lesser Kestrel colony
located in the grain elevator of La Palma del Con-
dado (Huelva Province, southwestern Spain), where
individuals nest on windowsills that are sheltered
and sufficiently enclosed to make a suitable nesting
site. Nests were monitored from inside the building.
This colony is located in the Guadalquivir alluvial
plain, which is predominantly flat (elevation range
20–240 m) and dominated by agricultural fields and
a few other vegetation types (mainly open holm oak
[Quercus ilex] woodland; Fernández et al. 1992). Pri-
mary crops are cereals and sunflowers. Cotton
crops, olive groves, and vineyards are also present
in the area.

Pellet Collection. We collected 204 pellets at 16
different Lesser Kestrel nests in the colony. After
removing all old prey remains and pellets from
nests, fresh pellets were collected weekly from 31
March to 14 July 2003 (from pair formation to fledg-
ing). Because pellet analyses of insectivorous birds
may be time-consuming, we collected a sample from
some nests: a minimum of 12 pellets per week. Be-
cause not all pairs that were present at the colony at
the beginning of the breeding season bred success-
fully or did it in the nests we have previously cleaned
from old remains, we were not able to collect pellets
continuously from all focal nests. Therefore, most
information came from five nests (mean number of
pellets per nest: 12.75 6 10.9 [SD]).

Prey Identification. For each pellet, we assigned
identifiable remains to different taxa using field and
taxonomic guides (Chynery 1988, Clemente et al.
1987, Zahradnik 1990), a reference collection
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(mainly of grasshoppers) from the study area (see
Rodrı́guez and Bustamante 2008), and expert opin-
ion on digital photos of some remains. A conserva-
tive criterion was applied, so many prey remains
were assigned only to family or genus level. The
number of individual prey items in each pellet was
calculated based on the number of same-side ana-
tomical remains found for each taxon in the pellet.
Because vertebrates are only partially ingested
(head, tail, and back skin are often discarded) and
insectivorous raptors have strong digestive systems,
few teeth or bones were available for identification.
Thus, the presence of hair in the pellet was the
main indicator of mammals’ consumption. Because
hairs may also appear in pellets as contamination
from the nest (by sticking to the pellet when it is
regurgitated) or as stomach residual, we considered
one mammal prey item eaten if the estimation of the
volume proportion of hair in a pellet was .10% of all
remains. Using this criterion, we assumed no real
consumption of mammals for 13 pellets, 5 of which
were close to the threshold value of 10% volume.

Statistical Analyses. We built generalized additive
models (GAMs; Hastie and Tibshirani 1990) on the
frequency of occurrence of food items in each pel-
let, mean prey weight, and prey richness. For the
frequency of occurrence, we built a vector consider-
ing the number of items belonging to a prey cate-
gory and the total number of prey items in the pel-
let. Models were fitted by using binomial error and
logit link (Crawley 2002). For each pellet, we calcu-
lated its mean prey weight, based on prey masses
from our study area (see Rodrı́guez and Bustamante
2008) and published data (Franco and Andrada

1977, Choisy et al. 1999, Lepley 2000). This estima-
tion took into account dimorphic species (e.g., Cal-
liptamus spp. in which females are much larger than
males), and different development states of some
species (e.g., E. ephippiger). We also estimated prey
richness by considering the number of different
prey taxa occurring in the pellet. For these variables
we used normal and Poisson errors, respectively. As
explanatory variables we considered both calendar
week (as the number of weeks from 1 January) and
reproductive week (number of weeks from egg-lay-
ing; Fig. 1). Nest identity was included as a single
explanatory variable or in combination with either
of the above variables.

For GAM analyses, we used the subset of five nests
with the best distribution of sample size throughout
the study period (Fig. 1). Models initially included
all the predictors in their linear or smoothed form
(smoothing splines with two to four degrees of free-
dom for non-categorical variables), and were re-
fined using backward stepwise analysis. At every
step, we tested the significance of variables by a like-
lihood ratio test of the current full model versus the
reduced model without each particular variable. We
also tested whether increasing degrees of freedom
of splines increased explanatory power of models.
We also calculated AIC values to ascertain whether
explanatory power should be penalized by the com-
plexity of the model. Because the lack of complete
independence between nest and reproductive week
(see Fig. 1) made interactions difficult to interpret
biologically, we considered only those bivariate
models with nonsignificant interactions. Competing
models for the same response variable were evaluated

Figure 1. Schematic representation of the breeding phenology of analyzed nests. Different colors correspond to
courtship (dark grey), incubation (white) and nestling phase (light grey) of each nest. Both date and the correspondent
calendar week have been included.
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by means of AIC weights (ranging from 0 to 1, with
higher values signifying better models). The AIC
weight indicates the probability that the model was
the best among the set of candidate models (Johnson
and Omland 2004). We considered that there was
more than one competing model when the greatest
AIC weight was ,0.99. We used R-software and S-plus
(Mathsoft, Inc. 1999) to conduct all analyses.

RESULTS

We identified 2927 prey items (103 6 91 items
per nest), from which we considered the following
groups: Acrididae (grasshoppers), Coleoptera (bee-
tles), Gryllidae (crickets), Gryllotalpa gryllotalpa
(mole cricket), Tettigonidae (bush crickets), and

vertebrates (Table 1). A total of 727 prey items
(22 6 21 per nest) of small size and ephemeral
importance were classified as ‘‘others,’’ including
ants, moth bugs, earwigs, and other unidentified
invertebrates. In six pellets from the first calendar
week of the breeding period we also found earth-
worm chaetae, which were not included in Table 1
because only presence/absence of this prey item
could be determined. Among Acrididae and Tetti-
gonidae, we were able to distinguish four, and three
prey species, respectively (Table 1). However, bee-
tles could be identified to the genus or species level
less frequently and were analyzed as a group.

The consumption of nearly all prey groups
showed temporal fluctuations. Calendar week was,

Table 1. Frequency of occurrence and contribution in terms of biomass of prey items found in the 204 Lesser Kestrel
pellets analyzed. Taxonomic hierarchy among taxa is denoted by means of different indentation and lettering. Totals for
main groups are included.

TAXON PREY ITEM FREQUENCY %
% OF TOTAL

BIOMASS

INDIVIDUAL

BIOMASS (g)

Arthropoda Unidentified 263 9.0 1.9

Arachnida Unidentified 21 0.7 0.2 0.20
Chilopoda 27 0.9 1.4

Scolopendra cingulata 16 0.5 1.4 2.30
Scutigera sp. 11 0.4 0.0 0.10

Coleoptera 1042 35.6 9.1 0.24
Dermaptera 90 3.1 0.3 0.09
Hemiptera 32 1.1 0.4 0.30
Hymenoptera

Formicidae 214 7.3 0.2 0.02
Lepidoptera 80 2.7 0.4 0.12
Orthoptera Unidentified 3 0.1 0.1

Acrididae Unidentified 41 1.4 0.6
Aiolopus spp. 62 2.1 0.6 0.27
Anacridium aegyptium 57 1.9 6.9 3.27
Calliptamus spp. 26 0.9 0.7 0.74
Locusta migratoria 71 2.4 3.6 1.38

Gryllidae Gryllus spp. 227 7.8 5.6 0.67
Gryllotalpidae G. gryllotalpa 78 2.7 10.1 3.50
Tettigonidae Unidenified 16 0.5 0.7

Decticus albifrons 86 2.9 9.7 3.07
Ephippiger ephippiger 371 12.7 27.1 1.98
Platycleis spp. 69 2.4 2.7 1.06

Total Orthoptera 1107 37.8 68.4

Total Arthropoda 2876 98.3 82.2

Chordata

Esquamata
Lacertidae Psammodromus spp. 3 0.1 0.3 3.0

Rodentia Unid. Rodentia 48 1.6 17.5 9.87

Total Chordata 51 1.7 17.8
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in general, a better predictor of diet than was repro-
ductive week and a much better predictor than nest
identity. Explanatory power of models fitted to par-
ticular species was greater than that of models fitted
to prey groups (Table 2). Consumption of three
species showed great fluctuations and peaked at dif-
ferent times within the breeding period (Fig. 2): G.
gryllotalpa was consumed in large numbers during
the first seven calendar weeks of the breeding season.
After that, it completely disappeared from the diet,
and E. ephippiger became the primary prey. In the last
weeks of the breeding season (calendar week 11 to
15), Decticus albifrons was the most frequent prey. Mice
were found every week, and were important in terms
of biomass (Table 1). Consumption of mice peaked
in reproductive weeks 9 and 10 (between peaks of the
two bush-cricket species mentioned above), when 21
out of 48 mice were consumed.

Some prey groups appeared to be ‘‘refuge-prey,’’
consumed regularly in low frequencies, with small
fluctuations (Fig. 2) that did not seem to corre-
spond to peaks in availability. Among them, Acrididae
was important in the first calendar week (due mainly
to the contribution of Aiolopus sp.), decreasing there-
after until Locusta migratoria increased in the diet.
Gryllidae, which was composed mainly of a single spe-
cies (Gryllus campestris), peaked during the third cal-
endar week of the breeding period, in a pattern sim-

ilar to that of the other fossorial species (earthworms
and G. gryllotalpa). Gryllus campestris also nearly disap-
peared from the diet thereafter, but appeared again
during the last weeks of the nestling period. Beetles
were consumed throughout the breeding season,
with no significant increase or decrease.

Mean prey weight increased as the breeding
season advanced, peaking around calendar weeks
12–13 and declining nonsignificantly thereafter
(Fig. 3). The best model for this variable included
a second degree spline fitted to reproductive week
and the term nest (Table 3).

Prey richness peaked at calendar week 4, decreas-
ing afterward, but reaching a plateau between weeks
9 to 14 (Fig. 3). The best model for this variable
included a fourth degree spline fitted to reproduc-
tive week.

DISCUSSION

As documented in previous studies, Lesser Kes-
trels fed mainly on insects, with the addition of
some vertebrates (mostly mice). Primary prey spe-
cies reported in this study were also found to be
significant in the few previous studies that focused
on species composition (Rocha 1998, Choisy et al.
1999, Lepley et al. 2000).

Lesser Kestrel diet changed markedly during the
breeding season, in terms of prey composition,

Table 2. Significance and percentage explained deviance (E.D.) by the AIC-selected form of each predictor of prey
category occurrence in Lesser Kestrel pellets. Models for both main prey groups and individual prey species are shown.
The best model and its E.D. are also indicated. Terms fitted with a smooth spline are denoted with an ‘‘s’’ before them,
the exponent indicating the degrees of freedom of the spline. In case of competing models, AIC weights for each of them
are also provided. Significance key: *** 5 ,0.001; ** 5 ,0.01; * 5 ,0.05; N.S. 5 nonsignificant.

PREY CATEGORY

CALENDAR

WEEK

REPRODUCTIVE

WEEK NEST ID. BEST MODEL E.D.
AIC

WEIGHT

Acrididae 30%*** 9%** 15%*** s(Cal. week)4 30% —

Locusta migratoria 44%*** 41%*** N.S. 6% s(Cal. week)4 44% 76.93%
s(Rep. week)4 41% 23.07%

Coleoptera N.S. 1% N.S. 1% N.S. 5% s(Cal. week) 1% —
Gryllidae (mainly Gryllus campestris) 20%*** 19%*** N.S. 7% s(Cal. week)4 + nest 26% —

Gryllotalpa gryllotalpa 46%*** 41%*** 17%*** s(Cal. week)4 + nest 62% —

Tettigonidae 44%*** 43%*** 9%* s(Cal. week)4 + nest 52% —

Ephippiger ephippiger 47%*** 48%*** 8%* s(Cal. week)4 + nest 55% 39.65%
s(Rep. week)4 + nest 55% 60.35%

Decticus albifrons 55%*** 64%*** 20%** s(Rep. week)4 64% —
Platycleis ssp. 49%*** 37%*** 19%*** s(Cal. week)4 + nest 52% —

Vertebrata 17%*** 17%*** N.S. 3% s(Cal. week)2 17% 26.6%
s(Rep. week)2 17% 73.4%

Others 30%*** 23%*** 15%*** s(Cal. week)4 + nest 38% —
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mean prey weight, and prey richness. Consumption
of different prey species peaked at different times,
the mean prey weight increasing as the breeding
season advanced and peaking during the nestling
period, and prey richness decreasing with a mini-
mum during the nestling period. This is, in general
terms, in accordance with ecological energetics of
similar species (Masman et al. 1988): increasing en-

ergetic demands during the breeding period (peak-
ing during the nestling phase) make it optimal for
kestrels to prey upon larger invertebrate prey, which
are probably less numerous than smaller prey. In-
creasing temperatures during late spring and early
summer allow arthropods to grow more quickly so
that bigger individuals become available later in the
season. Late availability of bigger prey species may

Figure 2. Smoothed splines fitted to calendar week for preferred prey (left) and ‘‘refuge’’ prey (right). Because of the
total absence of G. gryllotalpa after week 7, model was only fitted to this period. Although reproductive week was a better
predictor for some prey species, calendar week was used to facilitate comparison among them. The rugplot on the x-axis
indicates the density of data points.
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explain why Lesser Kestrels do not begin laying eggs
until April, despite their early arrival from the winter-
ing grounds in mid-February. Mean prey weight dur-
ing incubation was higher than that during the court-
ship, lending support to those studies documenting
the energetic cost associated with incubation. Alter-
natively, potential surplus energy gained during incu-
bation may be stored as fat that allows adults to better
face the energetic demands of the nestling period.

Despite the decreasing trend of prey richness in-
dicating a stronger prey selection during the nest-
ling period, we also found certain prey species that
seemed to be preferred by Lesser Kestrels during
the courtship and incubation periods. Gryllotalpa
gryllotalpa was the primary species consumed during
courtship (see also Choisy et al. 1999), when males
feed females, helping them to reach the body con-
dition necessary to produce and lay eggs (Donázar
et al. 1992). Gryllotalpa gryllotalpa is a lipid-rich spe-
cies (8.67% of its dry matter; for comparison, Micro-
tus sp. voles contain 1.94% lipids; Juillard in Lepley
et al. 2000) that probably allows rapid weight gains.
This species disappeared from diet after calendar
week 7, probably because it became inaccessible
for kestrels due to either species’ phenology or ab-

sence of plowing of agricultural fields at that time.
Fields devoted to sunflower crops are normally
plowed in early spring, and this may explain the
occurrence of mole crickets, and other fossorial spe-
cies such as earthworms in the diet. A previous study
of a Portuguese Lesser Kestrel colony 140 km away
from the one we studied documented a significant
correlation (96%) between abundance of G. gryllo-
talpa in field samples and its occurrence in Lesser
Kestrel pellets until mid-May, when the species virtu-
ally disappeared from both field samples and pellets
(Ventim et al. 2004). This suggests that the species
phenology determines its occurrence in Lesser Kes-
trel diet and explains why calendar week was the best
single predictor for the occurrence of this species in
the diet. The additional term ‘‘nest’’ improved ex-
planatory ability of the model probably because the
breeding pair that started breeding latest (Fig. 1) did
not consume this species.

The incubation period was characterized by the
sudden appearance and heavy consumption of E.
ephippiger that peak during the incubation period.
Afterward, and especially during the last calendar
weeks of the breeding period, D. albifrons became
the primary prey species. This temporal variation in

Figure 3. Smoothed splines fitted to calendar week for prey richness (left) and mean prey weight (right) in Lesser
Kestrel pellets. Calendar week instead of reproductive week was used to better compare with prey models. The rugplot on
the x-axis indicates the density of data points.

Table 3. Significance and percentage explained deviance (E.D.) by the AIC-selected form of each predictors of mean
prey weight and prey richness in Lesser Kestrel pellets. The best model and its E.D. are also indicated. Terms fitted with a
smooth spline are denoted with an ‘‘s’’ before them, the exponent indicating the degrees of freedom of the spline.
Significance key: *** 5 ,0.001; ** 5 ,0.01; * 5 ,0.05; N.S. 5 nonsignificant.

RESPONSE VARIABLE CALENDAR WEEK REPRODUCTIVE WEEK NEST ID. BEST MODEL D.E.

Mean prey weight 18%*** 16% N.S. 6% s(Rep. week)2 + nest 22%
Prey richness 18%*** 25%*** N.S. 2% s(Rep. week)4 25%
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the occurrence of these species, their high frequen-
cy (18% of the total), and their large size (they were
among the largest insect prey species found in this
study, accounting for 47% of the total biomass; Ta-
ble 1) suggest that they are preferred prey species.
Conversely, beetles, field crickets, and the majority
of grasshoppers (excluding large locusts) are small-
er and probably serve as alternative prey species that
are consumed when preferred species are less avail-
able in the field. Accordingly, the patterns of tem-
poral variation of alternative prey in diet were much
less pronounced than those of preferred prey (see
Fig. 2). Nonetheless, as a caveat, it should be noted
that other than crickets (mainly field crickets [G.
campestris]), alternative prey were not analyzed at
the species level, and models fitted to species were
better than those fitted to groups, which may par-
tially explain differences in the degree of temporal
fluctuations. Obviously, particular prey species will
show their own phenology while grouping species
may mask the phenology of individual species.

An interesting finding was the importance of ver-
tebrates to the Lesser Kestrel diet during the first
weeks of the nestling phase, between the peaks of E.
ephippiger and D. albifrons. It remains a challenge to
determine whether this constitutes a response to
optimal foraging strategies, feeding preferences,
or nestlings’ requirements.

Calendar and reproductive week showed similar
explanatory abilities, probably because of correlation
between these two variables. As discussed above, prey
availability in the field (i.e., calendar week) was the
best predictor of mole cricket consumption, whereas
reproductive week was a better predictor than calen-
dar week for consumption of D. albifrons. However,
this is probably because nearly all pairs were rearing
nestlings when this species became available in the
field. In a previous study in the area, researchers col-
lected fresh pellets in the middle of the nestling pe-
riod and found a smaller proportion of this species in
Lesser Kestrel diet (Rodrı́guez 2004). This propor-
tion was higher in northern colonies (Rocha 1998,
Lepley et al. 2000), which start breeding later, when
the prey species is probably more available.

Thus, it remains unclear how energetic demands of
the breeding period influence prey selection, proba-
bly because of the low number of nests considered in
our study. Further studies with more nests and differ-
ent phenology may help clarify this question.

Nest identity had little explanatory value, indicat-
ing that individual variation in diet composition was
low. We could not evaluate the effect of interannual

fluctuation in prey abundance in this study, but we
were able to show patterns of diet variation within
one breeding season. This approach allowed us to
determine primary preferred species for the Lesser
Kestrel, not only during the nestling period, but
also during courtship and incubation. As detailed
in previous studies, prey availability in the study col-
ony was relatively high (Rodrı́guez and Bustamante
2008), allowing for a high reproductive rate (Rodrı́-
guez and Bustamante 2003). Lower reproductive
outputs in other colonies of the same population
have been associated with prey scarcity (Negro
1997), and, in a 3-year study, Rodrı́guez (2004) doc-
umented a lower proportion of these preferred spe-
cies in colonies with lower breeding success (Rod-
rı́guez et al. 2006). From a conservation perspec-
tive, we recommend that further studies investigate
habitat requirements of these preferred prey species,
in order to improve the foraging conditions for the
endangered Lesser Kestrel.
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