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This comparative study of the trophic diversity of the Barn Owl Tyto alba is
based on published data from Germany, France, Switzerland, Portugal, and
Spain. Shannon’s information function and Pielou’s evenness index were used
to assess trophic diversity. Barn Owls from temperate localities showed a
strongly stenophagous diet, biomass consumed being almost entirely from
mammalian preys, whereas birds from southern, Mediterranean localities fed
on more varied kinds of prey, trophic diversity being much greater there. Such
a ‘generalization’ of the diet should be interpreted as a predator response
compelled by the decrease in diversity and abundance of small mammals

which takes place in the Mediterranean regions studied.
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INTRODUCTION

The diversity of prey items taken by different
predator species constitutes an essential vari-
able in ecological studies of sympatric species.
This variable is useful when regarding their
niche breadth and the possibilities of overlap
with the niche of neighbouring species, since
these aspects are directly related with the study
of interspecific competition. Trophic diversity
(Hurtubia 1973, Hurtubia & di Castri 1973)
may also be treated at an intraspecific level; for
instance, changes in the trophic diversity of a
given species throughout a large geographical
area may give us some information on the vari-
ous positions occupied by the species within
different communities.

On the other hand, predation width is direct-
ly linked with structural and functional attri-
butes of the community, especially abundance
and diversity of potential prey items (cf. Mac-
Arthur & Pianka 1966, Schoener 1971), and on
theoretical grounds one may predict contrac-
tions or enlargements of the food-niche, de-
pending on changes in prey availability. The

main aim of this paper is to show that steno-
phagy and specialization, which are charac-
teristics of the Barn Owl, decrease noticeably
when the diversity and abundance of its main
prey (small mammals) decrease, predation be-
ing then directed towards new prey items of
lower energy values, and thus less optimal for
the maintenance of the predator.

MATERIAL AND METHODS

Data on the food habits of Barn Owls from
Germany, Switzerland, France, Portugal, and
Spain were selected from the literature, and
although not exhaustive, they were sufficient
for a suitable statistical treatment. The only
analyses used from the literature were those
which totalled more than a hundred prey items,
came from single localities defined geographic-
ally, and contained a detailed account of the
specific composition of the small mammals
and/or the contribution of higher taxonomic
categories (mammals, birds, etc.) to the diet.
Table I shows the distribution of the localities,
and a full list of them is given in Appendix I.
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The data gathered are probably heterogene-
ous since analyses from material collected at
different times of the year are pooled together;
it is a well-known fact that the Barn Owl’s diet
shows some monthly and yearly changes (Graaf
1960, Saint-Girons 1968, Marti 1973a, Webster
1973). However, the effects of seasonal changes
on the results should be buffered enough, since
of the 48 analyses studied, 25 exceeded five
hundred prey items and, of these, there were
19 with more than a thousand prey items. Thus
I believe these are very representative.

Trophic diversity was calculated with Shan-
non’s information function:

S
H'= ~Zpi log.p; M
1=

where S is the total number of species in the
sample and p; is estimated by X;/X; X; being
the number of individuals belonging to the i-th
species and X the total number of individuals
of all species in the sample (e.g. MacArthur
1955, MacArthur & MacArthur 1961, Marga-
lef 1957, 1968). H' can be obtained from (1)
or by making use of the computing formula
proposed by Lloyd & Ghelardi (1964):

1 8
H'=log,X - —3 X log.X; 2)
Xi-1

When modifying the meaning of X;, X and S

in (1) and (2), different significances arc ob-
tained for H'.

The various criteria of trophic diversity that
have been used are as follows:

a. H'BGG. Trophic diversity in relation to
the biomass supplied by the different higher
taxonomic groups (mammals, birds, reptilians,
amphibians, fishes, insects). In this case S is the
number of taxonomic classes, X; the biomass
supplied by the i-th class, and X the total bio-
rass contributed by all groups. H'BGG is a
measurement of the diversity of the energy de-
pendence of the predator.

b. H'NGG. Trophic diversity in relation to
the number of individuals taken from each
taxonomic group. Meaning of S is as above, X
is the number of individuals belonging to the
i-th group, and X is the total number of individ-
uals in all groups. H'NGG is a measurement of
the diversity of the predation upon the various
groups.

c. H'NM. Small mammal (shrews and rod-
ents) species diversity. S is the number of small
mammal species in the analysis, X; the number
of individuals belonging to the i-th species, and
X the total number of small mammals of all
species. H'NM measures the diversity of the
small mammals taken by the predator.

As a complement to the information gather-
ed with the last three indices, Pielou’s even-

Table I. Distribution by countries of the Barn Owl food analyses used in this study. A full list of the

localities is shown in Appendix I

Country N;:Zlb; eSZ:f Reference
Germany 4 Niethammer (1960), Rothkopf (1970)
France 11 Guerin (1928), Thiollay (1968)
Switzerland 5 Zelenka & Pricam (1964)
Portugal 4 Niethammer (1970), Engels (1972)
Spain:
Catalonia 7 Nos (1961), Vericad (1965), Nadal & Palaus (1967)
Cantabrian Region 3 Niethammer (1964)
Extremadura 1 Herrera (1974)
Andalusia 13 Valverde (1967), Herrera (1974)

Total 48




ness index E=H'/H',,, (Pielou 1969), was also
calculated. Here H' is the observed diversity,
and H',,, is the maximum it could have ob-
tained if the species or groups were equally
distributed. Since H',,,, equals log, S (Pielou
op.cit.), E=H'/log, S. E-values near unity will
show that the different kinds of prey have a
similar significance in the diet, the predator de-
pending (H'BGG) or preying (H'NGG) equally
on each of them. Decreasing values will take
place as stenophagy increases. E was calculated
for each H', and similar symbols were used
(EBGG, ENGG, and ENM).

In addition to the preceding indices, each
analysis was also characterized by the number
of taxonomic groups (SGG), the number of
small mammal species (SM), and the geographi-
cal latitude (LAT) of the source locality.

RESULTS

The raw results are shown in Appendix I. From
it were produced the data of Table II, where
the correlation matrix for the nine variables
concerned is shown. It can be seen that there
are certain groups of non-independent, positive-
ly correlated variables, and these must be
treated as a whole because of the parallel vari-
ation of their components. Such groups are as
follows:

Group 1. H'BGG, H'NGG, EBGG, ENGG,
SGG.

Group 2. H'NM, ENM, SM.

Group 3. LAT.

Dealing just with the correlation signs, a new,
simplified correlation matrix could be written:

2 3

-) -1
+ | 2
The variables belonging to group 1 are inverse-
ly correlated with the latitude (group 3), that
is, their values increase from north to south.
Regarding H'BGG and H'NGG first, we can

conclude that predation breadth and diversity
of energy dependence of the Barn Owl is larger
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in the southern localities. The diet there is a
more diverse one, including more often prey
items from taxonomic classes other than mam-
mals. This can also be seen in SGG, which
shows a strong, negative correlation with lati-
tude (Table II). EBGG and ENGG also in-
crease southwards. Thus, in the southern locali-
ties, the various groups are closer to an equiv-
alent significance in the predator diet, both in
weight and numbers, whereas to the north, pre-
dation centres on one group (mammals), the
bird depending and preying almost exclusively
upon them. We can, then, conclude that the
Barn Owl’s trophic diversity is greater in the
south, whereas the predator is deeply steno-
phagous in the northern localities (Fig. 1).

The variables belonging to the second group
(H'NM, ENM, SM) are directly correlated with
latitude (Table IT), H'NM increasing from south
to north, since specific diversity of small mam-
mals in the food of the owl is higher in the
northern localities and lower in the southern
ones (Fig. 1). This is supported by the variation
of SM, which shows a strong correlation with
latitude (Table II). Relative abundance of small
mammal species (as measured by ENM) are
closer to an even distribution in the north, the
significance of the various species in the diet
being more similar there. This is not so at the
southern localities, where the importance of
each prey species varies to a greater extent.

Correlations between groups 1 and 2 are
negative in all instances (Table II), although
they are not statistically significant (P > 0.05)
except for SM. It can be concluded that SM
and the group 1 measurements change in an
opposite way: a few species of small mammals
represented in the sample implies a high trophic
diversity for the analysis as a whole (as mea-
sured by H'BGG and H'NGG).

The food of the Barn Owl in continental
Western Europe shows two essential aspects
changing from place to place according to geo-
graphical latitude: northern localities show a
low trophic diversity and a narrow predation
breadth, besides a high species diversity in the
mammalian component of the diet. To the
south, trophic diversity increases, whereas small
mammal species diversity decreases. In nor-
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Fig. 1. Changes of H'BGG (rg=-0.624, P < 0.001) and H'NM (r;=0.349, P < 0.05) with latitude. H'BGG
(open circles): trophic diversity in relation to the biomass supplied by the diverse taxonomic groups to the
Barn Owl’s diet. H’'NM (filled circles): small mammal (shrews and rodents) species diversity in the sam-

ples. For further explanation see text.

thern places, predation is centred on mammals,
the almost exclusive prey, the diet more fre-
quently including insects, amphibians, reptili-
ans, and birds in the southern localities.

DISCUSSION AND CONCLUSIONS

The geographical latitude of an area occupied
by a predator species constitutes one of the

most important factors in a long chain of inter-
related factors determining its food habits. The
relationships among those factors are exempli-
fied in the present study. When starting at the
‘food’ point of the chain, the first link that we
find is the prey species. The composition of a
predator’s diet depends necessarily on the
abundance and availability of prey. The main
prey are, for the Barn Owl and the majority
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of birds of prey, primary consumers at the sec-
ond level of the ecological pyramid (Odum
1959, Valverde 1964, Frochot 1967), which
feed on the producers, that is, the plant com-
munity. We find here a new link in the chain.
Plant communities are more conditioned by
abiotic environmental factors such as tempera-
ture, moisture, and light, and its structure,
specific composition, and productivity will de-
pend upon the collection of factors we call cli-
mate, which in turn is a link more closely tied
to the terminal point of the chain: geographical
latitude. Thus, a discussion on the geographical
changes in a given predator species diet must
take into account the former theoretical model
and consider the steps which constitute it.

As regards climate, we can expect the food
habits of Barn Owls from localities showing
different climatic types to be dissimilar as well.
There are two main types of climate in the area
covered by the localities studied in this paper:
Mediterranean and temperate type climates.
The former is characterized by a dry, hot peri-
od of variable length within the annual cycle,
which is absent in the temperate climate.
Localities were classified according to their

H'BGG

LATITUDE

climatic type into ‘Mediterranean’ and ‘tem-
perate’ ones (see Appendix I) on the basis of
the map published by Emberger et al. (1963).
These classes are perhaps too wide but they
have been suitable for the purpose of compari-
son. It can be seen easily in Fig. 2 that the two
groups of localities differentiated by their cli-
mates are also segregated according to the
values of H'BGG and H'NM. A latitude axis
was only introduced to make comparisons
easier. In general, it may be noted that the
Barn Owl’s diet is essentially distinct in the
Mediterranean and temperate localities, the
high values of H'BGG at the Mediterranean
stations being particularly noticeable.

Standard prey of the Barn Owl are small
mammals, mainly shrews and rodent species,
and changes in .availability of these will influ-
ence the overall composition of the predator’s
diet. H'NM, as calculated from the food anal-
yses, may be used as a rough estimate of the
population diversity of small mammals in an
area. The mammalian ingredients of the Barn
Owl’s food have often been taken as indicative
of the composition of populations in the wild
(e.g. Saint-Girons & Spitz 1966, Heim de Bal-

H'BGG

—o

H'NM

g

* TQ
*
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.

Fig. 2. Comparison between the diet of the Barn Owl in Mediterranean (open circles) and temperate (black
circles) localities from Western Europe in relation to HHBGG and H'NM. For further details see text.
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Fig. 3. Latitudinal changes in the number of small mammal species (shrews and rodents) in Western Eu-
rope (west of a straight line running from Eastern Finland throughout the Balearic Islands), expressed as
the percentage of the total number of species in the area occurring at each latitudinal belt four degrees
wide. Bar shows the breeding range of the Barn Owl, from which food analyses were studied, and is
broken into temperate (black) and Mediterranean (open) climate areas. It can be seen that the number
of potential prey species decreases noticeably in the Mediterranean region. Mainly based on Brink (1957),
but also on Niethammer (1956, 1964), Heim de Balsac & Beaufort (1969), Niethammer (1970), Garzén &
Castroviejo (1971), Rey (1971), Engels (1972), Rey (1972), Herrera (1973), Rey & Landin (1973) and Veri-
cad & Meylan (1973) for more recent distributional data from the Iberian Peninsula.

sac & Beaufort 1966, Spitz & Saint-Girons
1969), assuming the predator is scarcely selec-
tive in its captures (Saint-Girons 1965, 1968,
1973). H'NM shows lower values at the Medi-
terranean localities (Fig. 2) and this agrees well
with the clear decrease in the number of small
mammal species which takes place in the Medi-
terranean region (Fig. 3). Several hypotheses
have been proposed to explain gradients in
species diversity and various factors suggested
as responsible (cf. Pianka 1966, MacArthur
1972). The present case appears to fulfil the
synthetical model of MacArthur (1972).

The reduced diversity of small mammal pop-

ulations in the Mediterranean region is accom-
panied by a pronounced decrease of the total
densities in the field of ail species combined
(Herrera, unpublished data; Valverde, pers.
comm.; all data from southern half of Spain).

As seen above, ‘Mediterranean’ Barn Owls
show a greater trophic diversity than ‘temper-
ate’ ones, feeding more often upon prey other
than mammals. This apparent enlargement of
the food dimension of the species niche hyper-
volume (sensu Vandermeer 1972, Whittaker
et al. 1973) which takes place at the southern
localities must be interpreted as a predator
response compelled by the sharp decrease in
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the abundance and diversity of their main prey
in European temperate localities (mammals), a
shift which seems to take place with even
higher intensity in the Mediterranean areas of
northern Africa (cf. Valverde 1955, Brosset
1956, Mayaud & Heim de Balsac 1962). It
agrees well with some theoretical models pre-
dicting ‘generalization’ of the diet as prey den-
sity decreases (MacArthur & Pianka 1966,
Schoener 1971), the predator eating a greater
diversity of food items. In the present instance,
new prey more frequently eaten are birds, rep-
tilians, amphibians and insects, which are of
less energy value per individual than small
mammals. The mean weight of prey taken by
Barn Owls at the Mediterranean stations was
19.57 g (n=20 localities, S.D.=5.68) against
23.60 g (n=20, S.D.=4.33) at the temperate
ones, the observed difference being statistically
significant (t=2.43, P <0.05). If we now con-
sider prey weight as a rough estimate of its
nutritional value, ‘Mediterranean’ owls seem to
support themselves on relatively poorer food
items. Furthermore, as stated above, small
mammal densities are low in these areas. These
two facts could account together for the weak
population densities attained by the Barn Owl
in southern Spain (Herrera, unpublished data),
taking into account their high energy require-
ments and low resistance to starvation (Honer
1963, Marti 1973b).
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Trophic diversity of the Barn Owl
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