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Prey diversity is affected by climate
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When breeding, food availability is essential for optimal reproductive output and is po-
tentially one of the main factors limiting breeding success, especially in single brooded
long-distance migratory birds. In this study, we examined the diet (as a measure of prey
availability) of two Red-backed Shrike (Lanius collurio) populations in Denmark, based
on more than 11,000 prey items covering seven years. We found a negative correlation be-
tween prey diversity and temperature, indicating that Red-backed Shrikes feed on pre-
ferred prey items in warmer summers (low diversity) while forced to feed on a larger vari-
ety of species in colder summers. Adults had a more diverse diet and generally fed on
smaller prey items than did young birds. Thus, age- and environment-related differences
must be taken into account when describing the diet of the Red-backed Shrike. Direct nest
observations produced different results for diet composition than did nest and pellet
samples, underlining the importance of using different methods in diet assessments. De-
tailed knowledge on limiting factors on the breeding grounds, such as food availability, is
crucial for mitigating population declines of vulnerable species, such as the Red-backed
Shrike.

1. Introduction

Migratory birds face many challenges at every
stage in their life cycle (Newton 2008). Some of
the most important challenges are deterioration of
habitat on both wintering and breeding grounds,
loss of staging areas, and climate changes. Fur-
thermore, climate-induced phenological changes
may cause increased competition and problems
with optimizing arrival time and breeding in rela-

tion to peaks of food abundance (Both ef al. 2006,
Wilcove & Wikelski 2008). As a consequence, mi-
gratory birds — especially long-distance migrants —
have suffered severe population declines during
the past three decades (Sanderson et al. 2006,
Heldbjerg & Fox 2008). In addition, long-distance
migratory birds typically have fewer broods,
smaller clutches and lower annual fecundity than
short-distance migrants and resident species
(Bohning-Gaese et al. 2000). They are, therefore,
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particularly dependent on habitat quality in the
breeding areas to sustain population size.

Food availability on breeding grounds is one of
the main factors limiting breeding success in birds
(Martin 1987, Granbom & Smith 2006). Knowl-
edge on the diet of long-distance migratory birds is
therefore important, as it can provide information
about habitat quality that can be used to guide con-
servation efforts in breeding areas.

The Red-backed Shrike (Lanius collurio) is a
long-distance migratory bird wintering in South-
ern Africa (Tettrup et al. 2012). In the 20th cen-
tury, the species went through a decline throughout
its range, especially in northern and western Eu-
rope (Hagemeijer & Blair 1997, Lefranc & Wor-
folk 1997, Birdlife International 2004, Pasinelli et
al. 2011). However, stable and even increasing
populations still occur (Birdlife International
2004). In Denmark, the population seems to thrive
in Jutland, but has declined in the eastern part of
the country where only a few populations remain
(Grell 1998). The Red-backed Shrike arrives to its
North European breeding sites during May and
June, and leaves again in August to September
(Tettrup et al. 2012). It inhabits open areas or fo-
rest clearings, with scattered bushes and low trees
that are used as nest sites and perching posts for
hunting. The species is insectivorous, although it
also consumes small vertebrates such as mice,
shrews and lizards. Like most other shrike species,
it sometimes impales prey items on thorns, barbed
wires or sharp branches for handling and storage
or as part of its display behaviour.

The aims of the present paper are threefold,
and concern the effects of (1) temperature and (2)
age on, and (3) the consistency of different assess-
ment methods of, bird diet. High summer tempera-
tures are often associated with high insect abun-
dance, and may therefore also affect the Red-
backed Shrike through influencing the diversity of
the species’ diet. The diet diversity might also be
potentially related with bird age, but thus far only a
few studies have focused on this aspect (Hernan-
dez 1993; Tryjanowski et al. 2003b). Many differ-
ent methods have been used to describe the food
choice and diet composition in the Red-backed
Shrike (Tryjanowski et al. 2003b, Golawski 2006;
for an earlier summary, see Cramp & Perrins
1993). Both invasive (e.g. analyses of stomach
contents) and non-invasive methods (e.g., analy-
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ses of pellets or impaled prey found at larders)
have been applied for the Red-backed Shrike. It is
anideal species for diet studies as it regurgitates in-
digestible fragments of consumed prey items in
small pellets (Cramp & Perrins 1993, Lefranc &
Worfolk 1997). Direct nest observations are time
consuming, and increased predation with pro-
longed disturbance by observers has been reported
(Tryjanowski & Kuzniak 1998). Therefore, it is
worth to examine if the collection of pellets during
breeding season or collecting nests after fledging
of the young will provide sufficient information
about the diet of the Red-backed Shrike. These lat-
ter two methods are — in spite of the effort to iden-
tify prey fragments — less time consuming and will
disturb the birds less. However, few attempts have
been made to directly compare different ap-
proaches and validate their outputs (Tryjanowski
et al. 2003b, Golawski 2006). Furthermore, no at-
tempts have to our knowledge been made to use di-
versity estimators and indices to describe the di-
versity of the diet in Red-backed Shrikes.

The aim of the present study was to examine
how the species diversity in diet is correlated with
environmental factors, and if specific species can
explain differences in the diversity of diet between
years. Furthermore, we compared the diet of
young and adults in terms of diet diversity and
composition and prey size. Finally, by using avail-
able data we compared three diet-assessment me-
thods: prey remains from nests, prey remains from
pellets, and direct observations made at nests.

2. Material and methods
2.1. Study sites and field data collection

Two study sites were examined: Gribskov and
Hulsig Hede. Gribskov (56°0° N, 12°20’ E) is a
forested area in northern Sealand, located in a mo-
raine area. The many clearings are surrounded by
bushes and trees such as beech and spruce, making
it an ideal breeding site for the Red-backed shrike
(Pedersen et al. 2011). Hulsig Hede (57°41° N,
10°28’ E) is a dune-heath area south of Skagen in
the northernmost part of Jutland. It is a complex
landscape that provides a wide range of different
habitat types, from drifting-sand dunes to wet
bogs. The heath is partly bordered by coniferous
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plantations (Beusink ez al. 2003, Van Duinen et al.
2004). Both areas host valuable habitat types to a
variety of species, and they are part of the NA-
TURA 2000 network of the European Union.

A total of 24 nests were collected from
Gribskov at the end of July 2008 (three nests), July
and September 2009 (15 nests) and January 2010
(six nests). Because of remarkable variation in the
amount of prey fragments in the nests, we col-
lected data on nest site and height to test the influ-
ence of these factors on the amount of prey frag-
ments in the nests. As expected, generally more
prey items were identified from nests containing
more fragments (analysis not shown). The number
of prey items identified from each nest was there-
fore used as a measure of the amount of fragments
left in the nest.

In Hulsig Hede, 318 pellets from nestlings and
young fledglings (underneath nests), juveniles
(from regular feeding locations near the nest) and
adults (underneath perches) were collected in July
2001-2002, June and July 2004-2005 and in July—
August 2007-2008 (28 different pairs). Four nests
were collected in Hulsig Hede; three in 2007 and
one in 2008. To determine nestling diet by direct
nest observations, three nests were examined each
year in Hulsig Hede during June—August 2002 and
2003. Nests were observed from 06:00 h to 09:00 h
every second day, from shortly after hatching until
fledging. All prey species were identified to the
highest possible taxonomic level (for details, see
Hornman et al. 1998).

Climate data were obtained from the Danish
Meteorological Institute (DMI 2010) as mean val-
ues for the region of Northern Jutland and for the
area of Copenhagen and Northern Sealand. We
used the averaged mean temperature of two
months (June—July), mean precipitation and num-
ber of days with precipitation.

2.2. Sorting and identification
of pellet and nest samples

We identified prey remains in pellets and nests to
the highest possible taxonomic level (Kuper ef al.
2000). Nests were torn apart and pellets crumbled
so that important fragments for identification and
quantification could be collected. These fragments
consisted mainly (depending on prey group) of

Table 1. Percentage of prey items identified to the
highest possible taxonomic level, determined by
three different methods (N = number of prey items).

Identification Pellets Nests Nest obs.
class (N =2,650) (N=2357) (N=7,319)
Unknown toclass 0.5 0 26.7
Order 55 3.6 211
Family 16.6 9.0 6.8
Genus 35.2 43.1 7.8
Species 42.2 443 37.6

different parts of head and wing, and legs and man-
dibles. We counted fragments belonging to the
same taxon and estimated the minimum number of
individuals for each sample. Identification and es-
timation of lengths of different invertebrate items
were based on a reference collection and identifi-
cation literature (e.g., Chinery 1988, Harde &
Severa 1989, Bellmann 1995), with additional
help of databases of invertebrate images (e.g.,
http://www.koleopterologie.de). =~ Nomenclature
was based on the Dutch Species Catalogue (2010).
We divided taxa into six body-length classes: 1-5,
6-10, 11-15, 1620, 21-25 and >26 mm (modi-
fied from Kuper et al. 2000). If a taxon fell into
more than one length class, the number of individ-
uals counted for the taxon in the sample was di-
vided equally among the different classes.

In Hulsig Hede, we identified 2,650 prey items
in pellets and 357 in nests, and identified 7,319
prey items using direct nest observations. In the
nests from Gribskov, we found 1,181 prey items.
We identified a total 0of 293 different taxa, of which
176 from nest and pellet samples (for details on
prey groups, see supplementary material at http://
www.ornisfennica.org).

For all three methods, identification to species
could be performed in about 40% of the cases.
However, a relatively high amount of prey items
could not be determined higher than class using
the nest-observation method (Table 1). Over 90%
of prey items belonging to the order Coleoptera
(beetles) were identified to genus or even to spe-
cies using all three methods. For the order Hyme-
noptera (bees, wasps and ants) the same was true,
although for pellet remains only about 80% could
be identified to at least the genus level. Eighty-five
percent of the vertebrate prey items were identified
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Table 2. Slope values, Spearman rank (r) values
and probabilities (p) of Chao2, Jackknife1 and
Bootstrap species estimators and Shannon-Wiener
and Simpson’s diversity indices, showing the corre-
lation between mean temperature (June—July) and
prey diversity (N = 6 years).

Estimator/Index  Slope r P

Chao2 -17.91 —-0.65 0.081
Jackknife1 -8.02 -0.25 0.545
Bootstrap —4.78 -0.12 0.776
Shannon-Wiener -0.22 -0.62 0.098
Simpson =2.77 -0.57 0.133

to at least family level. For nest observations, over
50% of the vertebrates could not be identified, be-
cause they were mostly brought to the nest in
pieces.

2.3. Data analyses

We used EstimateS (Colwell 2009) to calculate
species-diversity estimators and indices. To com-
pare species richness, we used computed number
of individuals instead of number of samples, as
recommended by Colwell (2009). We used the di-
versity estimators Chao2, Jackknife 1 and Boot-
strap (Chao 2005) and the Shannon-Wiener and
Simpson’s diversity indices (Magurran 2004) to
describe the diversity of diet. The number of
randomizations was set at 1,000 runs, and samples
were randomized without replacement. For
Chao2, we used the classic instead of the bias-cor-
rected formula in cases where the incidence distri-
bution was above 0.5, as recommended by Colwell
(2009). However, for comparability reasons the
classic formula was not used — albeit being recom-
mended in three out of eight cases — in the compar-
ison of diversity between years and climate data.

We used linear regression to determine corre-
lations between environmental factors and the di-
versity of prey. Because abundant prey items may
potentially drive the diversity calculations, we de-
termined the correlation between diversity and the
proportion of an abundant prey item in the diet, the
scarabid beetle Anomala dubia. We used one-
sample ¢ test to evaluate the significance of the
mean correlation between environmental factors
and diversity.
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We compared the three diet-assessment me-
thods using G test. We tested the similarity in the
number of prey items and taxa in nests from
Gribskov and Hulsig Hede using Mann-Whitney
U test, and one-way ANOVA, ¢ test and linear re-
gression to test the influence of nest site, date of
nest collection and nest height on the amount of
prey items in the nests. When performing multiple
similar tests, we adjusted the significance level us-
ing the sequential Bonferroni probability adjust-
ment (Rice 1989). All statistical tests were per-
formed using SAS 9.1.

3. Results
3.1. Diversity and environmental factors

We found negative relationships between mean
temperature (June—July) and prey diversity, with
the overall mean significantly different from 0 (=
—0.45, 1, = -3.89, p = 0.018) (Table 2). Diversity
correlated with mean precipitation and days of
precipitation positively, albeit only marginally sig-
nificantly (»=0.34,7,=2.5,p=0.067 and »=0.28,
t,=2.25,p=0.0838, respectively). Similarly, the di-
versity estimators and indices negatively and mar-
ginally significantly correlated with diet diversity
and the proportion of Anomala dubia in the diet
(mean r=-0.28, 7, =-2.66, p = 0.057).

3.2. Adult and nestling diet

A comparison of the diet between young and
adults indicated that the latter had a more diverse
diet, which was confirmed by Chao2 and Jack-
knifel estimators and Shannon-Wiener and Simp-
son’s indices (Table 3). These indices all indicated
a higher diversity of prey items in the diet of adults
than in the diet of young. The result was also con-
sistent when compared to the diet of nestlings in
nest observations from Hulsig Hede. Only Jack-
knifel was higher in nestlings than in adults based
on nest observations (although the standard varia-
tions overlapped slightly). There was no distinct
difference in the diversity of prey items found in
the diet of nestlings in Gribskov and nestlings in
Hulsig Hede (Table 3).

The proportions of orders in the diet of nest-
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Table 3. Chao2 and Jackknife1 diversity estimators (mean + SD) and Shannon-Wiener and Simpson’s di-
versity indices, applied to the diet of the Red-backed Shrike for Hulsig Hede and Gribskov and for young
and adults in Hulsig Hede only (N = number of nests and/or collections of pellets from the same nest).

Population Method Age N Indivi- Chao2 Jack- Shan- Simp-

duals knife1 non- son’s

Wiener

Hulsig Hede Pellets Adults 16 1,398 215+32 181+21 35 1349
Hulsig Hede Nests and pellets Nestlings and juveniles 18 1,433 200+35 161+14 3.15 9.61
Hulsig Hede Nests and pellets  Nestlings 12 888 144+27 11911 297 7.76
Hulsig Hede Nest observations Nestlings 6 7,319 203+15 208+10 3.15 10.14
Gribskov Nests Nestlings 23 1,181 136 +23 120+ 6 292 7.63

lings, juveniles and adults in Hulsig Hede (pellet
and nest-remains data) were significantly different
(G4 =227, p <0.01). This was mainly due to the
amount of Hemiptera (true bugs) in adult diet
(14%, compared to 2% and 3% in the diets of nest-
lings and juveniles, respectively) and the amount
of Dermaptera (earwigs) in the diet of juveniles
(7%, compared to 0.4% in the diet of nestlings and
adults) as well as the amount of Hymenoptera in
the nestling diet (45%, compared to 35% and 36%
in the diets of adults and juveniles, respectively).
Among Coleoptera, Scarabaeidaec (dung and
ground beetles) dominated in the diets of nestlings,
juveniles and adults, comprising 46%, 67% and
50% of'the beetles, respectively. Within the Hyme-
noptera order, Bombus (bumblebees) constituted a
higher proportion of the diet of nestlings, whereas
a higher proportion of Formicidae (ants) was
found in the diet of adults. Vespidae (wasps) were

Others

Vespidae

Fig. 1. The proportion
of different Hymenop-
teran taxa in the diet

of nestlings, juveniles

Ichneumonidae

mainly found in the diets of nestlings and adults
(Fig. 1).

Concerning prey size (nest and pellet samples),
most of the prey items fell into the length class 11—
15 mm, regardless of the age of the Red-backed
Shrike (45%, 51% and 39% for nestlings, juve-
niles and adults, respectively). However, the pro-
portions of prey items in different size classes dif-
fered significantly among nestlings, juveniles and
adults (G|, =87,p<0.01). For juveniles, we identi-
fied an equal amount of prey items above and be-
low 11-15 mm. Nest and pellet samples contained
a higher proportion of prey items below 11 mm for
adults than for nestlings and juveniles, whereas the
proportion of prey items above 15 mm was higher
for nestlings. Prey items below 5 mm contributed
2% to the diet of nestlings. Comparing nestling
diet from Gribskov and Hulsig Hede, the propor-
tions of prey items in different size classes differed

OAdults (N = 481)
@ Juveniles (N = 116)

and adults of the
Red-backed Shrike,
based on pellet and
nest samples from

Formicidae

M Nestlings (N= 406)

Hulsig Hede, cor-
rected for prey size

(N = number of prey ‘
items). 0%

20 %

40 % 60 % 80 %
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significantly (G, =71.4, p <0.01). Nest and pellet
samples for nestlings contained more above-15-
mm prey items in Gribskov than in Hulsig Hede.

3.3. Comparing methods

In pellets and nests from Hulsig Hede, 98.2% of
the total prey number consisted of invertebrates
and 1.8% of vertebrates. The visual nest observa-
tions based on number of prey deliveries resulted
in 75.3% invertebrates, 5.8% vertebrates (includ-
ing partial prey items) and 18.9% unknown taxa.
In Gribskov, the nests contained 97.7% inverte-
brates and 2.3% vertebrates.

In nests and pellets from Gribskov and Hulsig
Hede, Coleoptera and Hymenoptera constituted
80-90% of identified prey items. The remaining
prey items were mainly insects of Orthoptera
(grasshoppers) and Hemiptera (Fig. 2). Only a
small proportion of invertebrates from other or-
ders were found in pellets and nest remains; these
were Arancae (spiders), Odonata (dragonflies),
Dermaptera, Diptera (flies) and Lepidoptera (but-
terflies). However, according to the nest observa-
tions some of these orders appeared rather com-
mon, especially Lepidoptera which comprised
about 21% of the identified prey items consumed
by nestlings. Hymenoptera, on the other hand,
constituted only 7% of the prey items identified in
nest observations.

Both pellet and nest samples from Hulsig Hede
differed significantly from nest observations in

Gribskov (N=1181) Hulsig Hede pellets Hulsig Hede nests Hulsig Hede obs.

Fig. 2. Differences in
the diet composition of
nestlings of the Red-
backed Shrike deter-

O0thers
@ Vertebrata
OLepidoptera

OHemiptera !
B Orthoptera mined by three me-
BHymenoptera thods in Hulsig Hede

and compared with
nests from Gribskov (N
= number of prey
items). Results on pel-
lets from Hulsig Hede
show only the diet of
nestlings for compari-
son.

W Coleoptera

(N=7319)

terms of the proportions of prey orders (G, =
2,121, p<0.01, o0, . = 0.0125). A comparison
between nest and pellet samples from Hulsig Hede
suggested no significant differences between the
two methods (G, = 11, p >0.05, o, . = 0.025).
However, in terms of proportions of orders, the
nests of Gribskov differed significantly from both
pellets and nests of Hulsig Hede (G, =45, p <0.01,

sonferoni — 0-0167 and G, =22, p <0.01, o
0.0167, respectively).

Scarabaeidae constituted the majority of beetle
items in Hulsig Hede, mainly due to Anomala
dubia which was found in almost every pellet and
nest sample there, and comprising 21% of the diet.
Similarly, based on the nest observations during
20022003, Anomala dubia accounted for >75%
of beetles in the diet. In Gribskov, the longhorn
beetle Corymbia rubra (Cerambycidae) domi-
nated, constituting 22% of the diet. Different spe-
cies of ground beetles (Carabidae, mainly Pfero-
stichus niger) were common in both Gribskov and
Hulsig Hede, although they only comprised a
small part of the diet in nest observations (poten-
tially not recognized as carabids). The dominating
Hymenopteran taxon in Gribskov and in the pellet
and nest samples from Hulsig Hede was the genus
Bombus, comprising 27% and 36% of the diet, re-
spectively. Among vertebrates, the most common
items in all three methods were lizards (Lacerta
agilis and Zootoca vivipara), while shrews (Sorex
sp.) and mice (Muridae) constituted a smaller part
of'the diet. In Gribskov the proportions of different
vertebrate items were roughly equal.

bonferroni
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No significant difference in the number of
items found in nests occurred between Gribskov
and Hulsig Hede (median values 53.0 and 67.5, re-
spectively; U=-221.5, p >0.05). The numbers of
taxa found in nests were also relatively similar be-
tween Gribskov and Hulsig Hede (16.0 and 17.5,
respectively; U=-233.5, p>0.05). The number of
prey items found in nests in Gribskov was not sig-
nificantly associated with the nesting-tree species
(ANOVA; p=0.868), the time of the year in which
nests were collected (2, = 2.29, p = 0.487) or the
height of the nest (slope = —0.15, r =-0.32, p =
0.131).

4. Discussion
4.1. Diet is related to summer temperature

Breeding success in the Red-backed Shrike is
higher during warm and dry summers (Husek &
Adamik 2008, HusSek et al. 2009; but see Passinelli
etal.2011). We found that temperature negatively
affects prey diversity, resulting in a more diverse
diet during cold summers. In addition, there was a
tendency that precipitation positively affects prey
diversity, suggesting that Red-backed Shrikes feed
on a wider variety of prey items during wet sum-
mers. Our findings also suggest that Red-backed
Shrikes will switch to preferred food items when
conditions are good but under less favourable con-
ditions a broader spectrum of food items is uti-
lized. This pattern was confirmed by investigating
whether the species Anomala dubia, found in
nearly all samples from Hulsig Hede, could ex-
plain the low diversity in the diet in warm sum-
mers.

As shown here, Anomala dubia constituted a
high proportion of the diet in years with low diet
diversity, indicating that a single prey species is
preferred when available. However, the occur-
rence of this beetle shows only one strong peak
during the season and is also influenced by preced-
ing temperatures (authors’ own observations,
Bargerveen Foundation). As the collection of pel-
lets and nests were not equally spread out over
June—July each year, however, some bias may
have existed. In addition, Van Duinen et al. (2004)
found that the abundance of Anomala dubia in
Hulsig Hede is indirectly influenced by sand
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spray; the strong dependence of its larvae on vital
roots of the marram grass Ammophila arenaria
makes this beetle much more abundant in dynamic
than in more stable areas. This shows that food
availability may vary within a given area, and
therefore differences in diet within the population
should be taken into account when analysing diet.

4.2. The diet differs between adults and young

The present study revealed a difference in both
prey composition and prey size of nestlings, juve-
niles and adults. Coleopterans and Hymenopte-
rans were the most common orders in the diet of
both young and adults. However, unlike other
groups the proportional distribution of different
Hymenopteran taxa varied among nestlings, juve-
niles and adults; nestlings ate a larger amount of
bumblebees and adults consumed a larger amount
of ants, supporting Nikolov (2002), and juveniles
fell between these two age groups. Prey sizes re-
flected this difference, adults generally eating
smaller prey items than did nestlings. However,
Hernandez (1993) found that nestlings were fed
with prey items <10 mm whereas adults preferred
larger prey. Prey length as an estimate of size ap-
pears problematic because insects have greatly
varying body proportions, and longer insects tend
to be narrower (Schoener 1980); it is therefore rec-
ommendable to use biomass estimates. However,
in the present study this potential bias probably did
not affect the results, as ants (relatively small) and
bumblebees (relatively large) accounted for most
of the variation in prey size.

4.3. Variation in diet between habitat types

Diet diversity of nestlings in Gribskov and Hulsig
Hede was remarkably similar. In Gribskov, how-
ever, nestlings were fed larger prey than nestlings
in Hulsig Hede. This was mainly due to the pre-
dominating species Corymbia rubra in Gribskov
which fell into the size classes 11-15 and 16-20
mm. In comparison, the species Anomala dubia,
which dominated the diet of nestlings in Hulsig
Hede, consistently fell into the size class 11-15
mm. These two species are good examples of vari-
ation in overall prey shape, Corymbia rubra being
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narrow and flat while Anomala dubia is almost
spherical in shape.

However, longer insects are not necessarily
heavier. Differences between a forest and a heath
could potentially lead to differences in the insects
inhabiting these areas (Golawski & Golawska
2008). Furthermore, visibility and availability of
prey items is likely to differ between habitat types
and can thereby cause differences in diet composi-
tion. Bumblebees did, however, constitute a major
part of the diet of nestlings in both habitat types.

4.4. The choice of method
affects the results of diet analysis

Our results support previous studies on diet com-
position of the Red-backed Shrike in that insects
dominated over vertebrates (Tryjanowski et al.
2003a, Tryjanowski et al. 2003b, Golawski 20006).
Beetles and hymenopterans (especially bumble-
bees) were the most important prey groups in both
study populations. Although the proportions var-
ied among sites, the dominance of these orders has
also been documented in other studies using pel-
lets to describe the diet (Olsson 1995, Arcas 1998,
Tryjanowski et al. 2003a). Diet composition is in-
fluenced by many external factors, such as the
quality of habitat, geographical location, weather
conditions, time of day, and season (Cramp &
Perrins 1993, Esselink ef al. 1995, Hornman et al.
1998). All these factors need to be accounted for
when performing diet analyses. However, the me-
thod on which the diet analysis relies might also af-
fect the result (Tryjanowski et al. 2003b).

As expected based on the fact that nests re-
mains are in fact crumbled pellets, our study re-
vealed no significant difference in nestling diet be-
tween pellet and nest samples, supporting Golaw-
ski (2006). Diet composition described by pellet
and nest remains as compared with direct nest ob-
servations differed remarkably. This difference is
mainly due to differential digestion of prey items
from specific taxonomical groups, especially non-
sclerotized invertebrates, such as Araneae, larvae
of different orders (e.g., caterpillars) and adult
Lepidoptera and Diptera. These taxa are poorly
preserved in pellets, and even if some parts are pre-
served they might be overlooked because of diffi-
culties in identifying them (Nikolov 2002, Tryja-
nowski ez al. 2003b).
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As there are advantages and drawbacks with
all diet-analysis techniques, more than one method
should be applied to complement each other
(Rosenberg & Cooper 1990, this study). As for
analysis of both pellet and nest remains, the major
advantages are the precision in identification of
prey items without having to disturb the bird. In
addition, the researcher is independent on the sea-
son to identify prey items. These methods can pro-
vide good qualitative insights to the presence or
absence of different families, genera or in many
cases even species. Furthermore, pellets can be
collected from both young and adults, thereby pro-
viding information regarding variation in diet
composition between age classes. Differences in
the digestibility of prey items (Nikolov 2002,
Tryjanowski ef al. 2003b) and in the handling of
prey before eating (Tryjanowski et al. 2003b) are,
on the contrary, drawbacks that will certainly lead
to underestimations of prey items. For nests, an-
other drawback is that the amount of identifiable
prey fragments might be reduced because of envi-
ronmental factors such as wind and rain or para-
sites decaying the fragments. However, we found
no significant differences between nests in the
amount of identified prey items.

In terms of absolute prey numbers, direct nest
observations provide the best quantitative measure
of prey items fed to nestlings. The use of nest ob-
servations is the only way of gaining knowledge
on prey items not preserved in pellets. Another
major advantage is the amount of additional infor-
mation that can be gathered from such studies,
mainly feeding rates, parental behaviour, and diur-
nal and age-related variation in diet. Our observa-
tional study showed a relatively high amount of
prey items that were not even identified to order
(16-32% per nest), underlining the importance of
using complementary methods.

Our study supports three general conclusions
regarding diet studies in shrikes. Firstly, we rec-
ommend using direct observations in diet studies
whenever time and funding can support the re-
spective costs. These observations should be sup-
plemented by studies of either nest or pellet re-
mains. Secondly, when focusing on the diet of
nestlings, collection of nests at the end of the sea-
son will be sufficient. Thirdly, to obtain data on
adult diet, collection of pellets underneath perches
during the season will be necessary.
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Pikkulepinkéisen saaliskirjoon
vaikuttavat ilmasto ja ikéiluokka

Pesimékautena ravinnon saatavuus on tarkeda op-
timaaliselle jalkeldistuotolle ja potentiaalisesti yk-
si pesimdmenestystd madrittédvistd padtekijoistd
eritoten yksipesyeisillda muuttolinnuilla. Selvitim-
me pikkulepinkdisen (Lanius collurio) ravintoa
(saaliin saatavuuden mittari) kahdessa tanskalai-
sessa populaatiossa perustuen yli 11 000 saa-
liseldimeen seitsemédn vuoden ajalta. Saaliin diver-
siteetti ja lampdatila korreloivat keskenddn negatii-
visesti, mikd viittaa sithen, ettd pikkulepinkaiset
kéyttavat padravintokohdettaan ldmpimdmpind
kesini (jolloin saalisdiversiteetti on alhaisempi) ja
ovat pakotettuja laajentamaan ravintokohdevali-
koimaansa kylmempiné kesind. Nuorten ja vanho-
jen yksildiden saaliin koostumus oli erilainen:
vanhojen ravinto oli monipuolisempaa ja koostui
pienemmistd saaliseldimista. Siten iké- ja ymparis-
toerot tulisi huomioida pikkulepinkdisen ravintoa
tutkittaessa. Suorat havainnot pesiltd tuottivat eri-
laisen kuvan ravintokirjosta kuin oksennuspallo-
ja pesépohja-aineistot; siten ravintotutkimuksissa
olisi suotavaa kéyttad useampia menetelmid. Yksi-
tyiskohtainen tieto pesimiseuduilla rajoittavista
tekijoistd, kuten ravinnon saatavuudesta, on tarke-
ai vahenevien ja uhanalaisten lajien, kuten pikku-
lepinkaisen, suojelussa.
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