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cies is correlated to the sample size (considered as a
non-ecological effect; Hill et al., 1994), we compared
our data to a large set of available literature, carrying
out a correlation between prey species and sample size.
We hypothesize that, once controlling for sample size,
habitat heterogeneity could explain the high species
richness recorded.

MATERIALS AND METHODS

The pellets were collected at a nesting site located on
a cave dug into the biocalcarenite and biocalcirudite
(‘macco’) cliff (Antro di Polifemo’; see Chiocchini &
Potetti, 1998) near Tarquinia (Nothern Latium, cen-
tral Italy; 42° 15'26.4” N 11° 45'20.6” E).

Within a radius of 1 km from the site, an environmen-
tal mosaic develops with the Tarquinia historic center
of medieval origin and suburban areas (28.10% in cov-
er), agricultural areas with crop lands (56.67%), for-
est mosaics dominated by Quercus ilex/Quercus cerris
and surrounding Mediterranean scrub with Phyllirea
media, Pistacia lentiscus, Myrtus communis, Arbutus
unedo (8.82%), river streams of different flow rates
(riparian vegetation with Bolboschoenus maritimus, as-
sociated with hygrophitic vegetation (3.86%); orchards
and vineyards (2.56%). The area was described as a
transitional zone from a Mediterranean to a Temper-
ate bioclimate (Blasi, 1994; further details in Olmi &
Zapparoli, 1992).

Pellets were collected around the nest sites from
March 2018 to March 2020 without carrying out a sea-
sonal stratification. The individual pellets were broken
down by hand and prey items were identified to the
lowest possible taxonomical level (Heisler et al., 2016).
Osteological remnants (mainly skulls and jaws) were
macroscopically identified while teeth and feathers
were identified under a stereo microscope at 25x or
50x magnification. The identification was carried out
at a specific level, where possible, by comparing undi-
gested remains with a reference collection following
Amori et al. (2008). Prey numbers were estimated as
the minimum number of individuals which we de-
termined according to the same anatomical parts of
skulls, jaws and bones for small mammals (McDowell
& Medlin, 2009).

Nomenclature of small mammals followed Loy et al.
(2019).

For each site, we obtained the number of species (S)
and the normalized species richness (Margalef index)
as Dm=(S-1)/In(N) (Margalef, 1958), where N was the
total number of prey items (details in Magurran, 2004).
When not available in the literature, we re-calculated
the index from published original data.

We compared number of prey species by Tawny
Owl to prey abundance reviewing a representative

number of sites for Italy using a bivariate regression
analysis (Ordinary Least Squares which assumes
the x values are fixed and finds the line which min-
imizes the squared errors in the y values). To fit the
Gaussian response models to In-transformed species
abundances along a gradient, for one or more species
we performed a species packing analysis (Gaussian),
using as fitted parameters: optimum (average), toler-
ance (standard deviation) and maximum. The algo-
rithm is the same as for the Gaussian function in the
nonlinear regression module: initial estimation of op-
timum and tolerance based on the weighted average,
followed by a nonlinear optimization by the Leven-
berg-Marquardt method. For statistical analyses we
used the PAST software (Hammer, 2001). Alpha level
was set at 0.05 level.

RESULTS

Analyzing 284 pellets, we obtained 3273 osteological
remains (skulls, jaws) corresponding to 1468 speci-
mens of homeotermic vertebrates. Among them, we
obtained 1382 specimens of small mammals belong-
ing to 15 taxa (12 of terrestrial mammals: Soricomor-
pha and Rodentia, n = 1377; three of bats: Chiroptera,
n = 5; Tab. 1). Normalized richness (Margalef index)
was Dm=1.936, the higher when compared to a large
number of Italian sites (Tab. 2).

When comparing the prey abundance (In-transformed)
to species number (data from ltalian literature; only
small mammals), we observed as the two variables are
highly correlated (linear regression: S = 1.392 Ln(N)
+ 1.087; R? = 0.35, p<0.01; Species packing analysis
(Gaussian) with better fit line: optimum average: 10.37,
tolerance standard deviation: 5.24; maximum: 13.67,
Fig. 1).
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Figure 1. Species packing analysis (Gaussian) with better fit line. Arrow
shows the study site.
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Table 1. Small mammals prey species in Tawny Owl (Strix aluco) pellets.
N: number of specimens; Fr%: percentage frequency.

Table 2. Number of specimens recorded (N), number of small mammal
taxa (taxa: terrestrial mammals: Soricomorpha and Rodentia, and bats,
Chiroptera) and Margalef index (Dm), recorded in selected published

i 0,
Prey species N Froo papers about Tawny Owl (Strix aluco) pellets from Italy (in chronologi-
Soricomorpha cal order; study site has been reported for each reference).
Suncus etruscus (Savi, 1822) 47 3.40 Ref Site N taxa Dm
Crocidura suaveolens (Pallas, 1811) 109 7.89 Contoli & Sammuiri, Belaggio (Grosseto) 381 10 1514
Crocidura leucodon (Hermann, 1780) 114 8.25 1978
Sorex samniticus Altobello, 1826 8 0.58 Arca, 1980 Carbognano (Viterbo) 261 7 1078
- Arca, 1980 Bomarzo (Viterbo) 77 7 1.381
Rodentia
Muscardinus avellanarius Linnaeus, 1758 2 0.14 Arca, 1980 Licenza (Rome) 619 1574
Arvicola italicus Savi, 1839 16 116 Gerdol et al., 1982 Carso (Trieste) 10055 13  1.302
Pedrini, 1982 Rumo (Trento) 112 10 0.081
Microtus savii (de Sélys Longchamps, 1838) 85 6.15 Fraticelli, 1983 Palo laziale (Rome) 30 3 0588
Apodemus sylvaticus (Linnaeus, 1758) 272 19.68 Sara & Massa, 1985 Ficuzza (Palermo) 455 8 1.144
Apodemus sylvaticus vel flavicollis 21 1.52 Sara & Massa, 1985 Suburban sites 214 6 0.932
Pal
Mus domesticus Schwarz and Schwarz, 1943 654 47.32 (Palermo)
. Pinchera, 1987 Rocca di Mezzo 100 10 0.090
Rattus norvegicus (Berkenhout, 1769) 11 0.80 (LAquila)
Rattus rattus (Linnaeus, 1758) 38 275 Debernardi & La Mandria (Torino) 169 13 0071
Chiroptera Patl’ial’ca, 1988
Myotis spp. 1 0.07 Bertarellietal., 1992  Concordias. Secchia 100 9 1737
. . (Modena)
Eptesicus serotinus (Schreber, 1774) 3 0.22 N . .
. . Boldreghini & Predappio (Forli) 56 6 1.242
Rhinolophus ferrumequinum (Schreber, 1774) 1 0.072 Matteucci, 1993
Total (small mammals) 1382 100 Montanari, 1995 Agazzano (Piacenza) 98 10 0.092
Aves spp. 86 Capizzi & Luiselli, 1996 Settebagni (Rome) 157 6  0.989
Total prey 1468 Siracusaetal.,, 1996  Etna Mt. (Catania) 105 6 1074
Capizzi & Luiselli, 1998 S. Rossore (Pisa) 54 8 1.755
DISCUSSION Capizzi & Luiselli, 1998 Ronciglione (Viterbo) 88 9 1.787
Bon & Bazzani, 1999  Ca Tron (Treviso) 124 7 1.245
Our_ data confirm that Tav_vn_y Owls are tI’OphIC 9€N-  Ranazziet al., 1999 Castelporziano (Rome) 277 5 0.711
eralists that feed opportunistically on small mammals Giovo in Canizzi. 2000 Tarvisio (Udi b 10 1650
in a variety of habitats (Contoli, 1988; Zmihorski et ~ ©'ovein Capizzi, arvisio (Udine) :
al., 2011). However, besides the ecological (intrinsic) Riccietal., 2003 Campo di Giove 9 6 1144
characteristics of the species, habitat heterogeneity (LAquila)
may be an additional extrinsic factor explaining their  Ricci et al., 2003 Palena (Chieti) 120 1671
_high prey richnes_s (Si_il’é, 1990; habitat hEtQVQQGHEiW Costantini et al., 2008 Rome 97 5 0.874
is a driver of species richness: Cramer & Willig, 2005; : . .
for mammals: Flgjgaard et al., 2011). The local fine- ~ Sfannottietal, 2009 Astroni (Naples) a7 120
grained heterogeneity of our study site, which includes  This study Tarquinia (Viterbo) 1382 15  1.936

suburban areas, forest contexts, crop lands, ecotones,
and wet habitats, may explain the high number of prey
taxa recorded. Therefore the reduction in the number
of prey species in urban environments can be compen-
sated by the high availability of small mammal spe-
cies in different habitats (Sara & Massa 1985; Galeotti,
1989).

However, we believe that, before attributing patterns
in data outputs to ecological processes (in our case:
extrinsic habitat heterogeneity or intrinsic traits of the
species as generalism/opportunism), it is important to

verify that the data outputs are not artifacts. Sample
size effect should be treated as a null hypothesis, and
only once it is rejected, can other hypotheses (intrinsic
or extrinsic ecological factors; see Hill et al., 1994) be
considered. A comparison of our data to Italian pel-
let datasets obtained for Tawny Owls from other sites
shows that the number of prey species is significantly
correlated to sample size, although the data showed
a high variance (low coefficient of determination, R?).
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However, when controlling for sample size using a
normalized metric as the Margalef index, we observed
that our site shows the highest value. In this regard,
both sample size and local habitat heterogeneity may
explain our data.

In conclusion:

(i) Our case study shows that the Tawny Owl is a
highly generalist, opportunistic and plastic species,
with an euryphagia likely comparable to the Barn
Owl (see Gerdol et al., 1982; Capizzi & Luiselli,
1998), typical of urbanization gradients (Galeotti et
al., 1991; Grzedzicka et al., 2013; Gryz & Krauze-
Gryz, 2019). In this regard, we suggests that the
lower trophic diversity observed in the Tawny Owl,
compared to the more generalist Barn Owl (Contoli,
1988), may also be attributed to the difficulty of ob-
taining an adequate number of osteological remains
for analysis. In contrast, the latter species’ resting
and nesting sites (e.g. abandoned farmhouses) are
easily identifiable, facilitating the collection of very
large samples spanning a wide time range (Avenant,
2005);

(i) Only a comparison of normalized richness data
obtained for different Strigiformes species on a rep-
resentative number of sites will allow us to clarify the
different role of extrinsic (linked to environment and
environmental heterogeneity) and intrinsic factors
(trophic generalism of the species), excluding artifact
resulting from sample size;

(ii)) Regarding the relationship between the number
of species and In-transformed sample size, other pre-
dictors should be considered, as, for example, bioge-
ographical ones associated with the ‘peninsula effect’
(see for Tyto alba: Battisti et al., 1997).

AUTHOR CONTRIBUTIONS

PC, VF, SC, CS sampled owl pellets and carried out the experimental
part of data collection; VF and CB had the idea of this research; CB
dealt with the study design and data analysis. All the authors drafted
the manuscript, carried out the bibliographic searches, read, reviewed
and approved the final manuscript.

ACKNOWLEDGEMENTS
Pietro Giovacchini helped to find literature. Longino Contoli, an

anonymous reviewer, and the Editor provided useful comments and
suggestions.

REFERENCES

ALIVIZATOS H., GOUTNER V., ZOGARIS S., 2005. Contribution to
the study of the diet of four owl species (Aves, Strigiformes)
from mainland and island areas of Greece. Belgian Journal of
Zoology 135: 109-118.

AMORI G., ConToLI L., NAPPI A. (eds), 2008. Mammalia Il. Eri-
naceomorpha, Soricomorpha, Lagomorpha, Rodentia. “Fauna
d’Italia” series. Vol. XLI1V, Edizioni Calderini del Il Sole 24
Ore Business Media Srl, Milano.

ARCA G, 1980. Regime alimentare dell’Allocco nel Lazio. Avocetta
4: 3-15.

AVENANT N.L., 2005. Barn owl pellets: a useful tool for monitoring
small mammal communities. Belgian Journal of Zoology 135
(suppl): 39-43.

BatTIsTI C., CiGNINI B., ConTOLI L., 1997. Geographical penin-
sular effects on the trophic system “Tyto alba-micromammals”
in Salento (Italy). Hystrix, the Italian Journal of Mammalogy
9(1-2).

BERTARELLI C., GELATI A., GIANNELLA C., 1992. Dati preliminari
sull’alimentazione invernale dell’Allocco Strix aluco e del Bar-
bagianni Tyto alba nella Bassa modenese. Picus 18: 133-140.

BLAsI C., 1994. Fitoclimatologia del Lazio. Fitosociologia 27: 151-175.

BoOLDREGHINI P., MATTEUCCI C., 1983. Analisi del popolamento di
micromammiferi del preappennino forlivese da borre di Stri-
giformi. Boll. Mus. civ. st. nat. Verona 10: 59-77.

BoN M., RoccaForTE P., RALLO G., 1993. Ricerche biologiche nel
rifugio faunistico del WWF della Valle dell’Averto: il siste-
ma trofico “Barbagianni-Micromammiferi”. Atti 1° Convegno
Faunisti Veneti: 159-162.

CaLvAriO E., CIGNINI B., SARROCCO S., 1992. Micromammiferi
della riserva naturale regionale ‘Lago di Posta Fibreno” (FR)
da borre di barbagianni (Tyto alba). Hystrix, the Italian Journal
of Mammalogy 4(2): 69-72.

Caprizzi D., 2000. Diet shifts of the tawny owl Strix aluco in central
and northern Italy. Italian Journal of Zoology 67(1): 73-79.

CAP1zzI D., LuiseLLI L., 1996. Feeding relationships and competi-
tive interactions between phylogenetically unrelated predators
(owls and snakes). Acta Oecologica 17: 265-284.

CaPizzI D., LuiseLLl L., 1998. A comparative study of the variabi-
lity of owl diets in three localities of central Italy. Revue d’Eco-
logie - La Terre et La Vie 53: 367-385.

CasINI L., MaGNANI A., 1988. Alimentazione invernale di Gufo
comune Asio otus in un'area agricola dell’Emilia orientale.
Avocetta 12: 101-106

CAsTIONI C., DEBERNARDI P., PATRIARCA E., 1998. L'alimentazione
invernale del Gufo comune (Asio otus) nel Parco del Ticino
(Italia Nord-occidentale). Rivista Piemontese di Storia Naturale
19: 299-312

CHIoCcHINI U., PoTeTTI M., 1998. Caratteri sedimentologici e
stratigrafici delle Calcareniti di Tarquinia (Provincia di Viter-
bo). Bollettino del Servizio Geologico d’lItalia 117: 35-52.

ConToLl L., 1980. Ruolo dei micromammiferi nella nicchia tro-
fica del Barbagianni Tyto alba nell’ltalia centro-meridionale.
Avocetta 5: 49-64.

ConToLl L., 1988. La nicchia trofica di Allocco (Strix aluco) e Bar-
bagianni (Tyto alba) in Italia: acquisizioni e problemi. Il Natu-
ralista siciliano 12: 129-143.



AN UNUSUAL HIGH PREY RICHNESS OF SMALL MAMMALS IN TAWNY OWL (STRIX ALUCO) PELLETS 29

ConToLl L., Di Russo C., 1985. Sul livello trofico di Tyto alba in
rapporto all’antropizzazione e alla diversita ambientale della
provincia di Roma. Avocetta 9: 99-107

ConToLl L., SAMMURI G., 1978. Predation on small mammals by
tawny owl and comparison with barn owl in the Farma valley
(central Italy). Italian Journal of Zoology 45(4): 323-335.

CosTANTINI D., CArELLO L., DELL'OmMO G., 2008. Abitudini ali-
mentari di Allocchi Strix aluco nidificanti a Roma. Alula 15:
235-237.

CRAMER MJJ., WiLLIG M.R., 2005. Habitat heterogeneity, species
diversity and null models. Oikos 108: 209-218.

DEeBERNARDI P., PATRIARCA E., 1988. Dati preliminari sulla pre-
dazione dell’Allocco Strix aluco nel parco regionale “La Man-
dria” (TO) (Aves, Strigidae). Rivista Piemontese di Storia natu-
rale 9: 189-196.

DI BagNoO E., BatTIsTI C., ZuLLo F.,, Amor! G., 2020. Applying
abundance/biomass comparison curves to small mammals: a
weak tool for detect urbanization-related stress in the assem-
blages? Folia Oecologica 47(1): 10-15.

FL@iGAARD C., NORMAND S., Skov F., SVENNING J.C., 2011. De-
constructing the mammal species richness pattern in Euro-
pe — towards an understanding of the relative importance of
climate, biogeographic history, habitat heterogeneity and hu-
mans. Global Ecology and Biogeography 20(2): 218-230.

FRATICELLI F., 1983. Un caso di ornitofagia nell’Allocco Strix aluco.
Avocetta 7: 123-128.

GaGaGl A., Paci A.M., 2009. Note sull’orientamento trofico dell’Al-
locco Strix aluco in Umbria. Gli Uccelli d’Italia 34: 35-49.

GALEOTTI P., 1989. Dati preliminari sull'alimentazione dell’Alloc-
co (Strix aluco) in ambiente urbano. Supplementi di Ricerche di
Biologia della Selvaggina 17: 509-510.

GALEOTTI P,, 1990. Territorial behaviour and habitat selection in
an urban population of the tawny owl Strix aluco L. Italian
Journal of Zoology 57: 59-66.

GALEOTTI P., MorIMANDO F., VioLANI C., 1991. Feeding ecology
of the tawny owls (Strix aluco) in urban habitats (northern
Italy). Italian Journal of Zoology 58: 143-150.

GErDOL R., MANTOVANI E., PERCO F., 1982. Indagine prelimina-
re comparata sulle abitudini alimentari di tre Strigiformi nel
Carso triestino. Rivista Italiana di Ornitologia 52: 55-60.

GIANNOTTI M., BALESTRIERI R., DE Rosa D., 2009. Alimentazione
dell’Allocco Strix aluco nell'oasi WWF “Cratere degli Astro-
ni” (NA). Alula 16: 739-741.

GRzEeDzICKA E., Kus K., NaBIELEC J., 2013. The effect of urbani-
zation on the diet composition of the tawny owl (Strix aluco
L.). Polish Journal of Ecology 61: 391-400.

GRyz J., KRAUZE-GRYZ D., 2019. Changes in the tawny owl Strix
aluco diet along an urbanisation gradient. Biologia 74: 279-285.

HeisLer L.M., SomERs C.M., PouLIN R.G., 2016. Owl pellets: a
more effective alternative to conventional trapping for broad-
scale studies of small mammal communities. Methods in Eco-
logy and Evolution 7: 96-103.

HiLL J.L., CurrAN PJ., Foopy G.M., 1994. The effect of sampling
on the species-area curve. Global Ecology and Biogeography
Letters 4: 97-106.

Loy A., ALoise G., ANCILLOTTO L., ANGELICI F.M., BERTOLINO
S., Carizzi D., CAsTIGLIA R., COLANGELO P., ConTOLI L.,
Cozzi B., FONTANETO D., LAPINI L., MAlO N., MONACO A.,

Mor1 E., NAPPI A., PODESTA M., Russo D., SARA M., SCAN-
DURA M., AMORI G., 2019. Mammals of Italy: an annotated
checklist. Hystrix, the Italian Journal of Mammalogy 30: 87-106.

MaLavasi D., 1995. Dati preliminari sull’alimentazione del Gufo
comune (Asio otus) in unarea ad agricoltura intensiva della
bassa pianura mantovana. Supplementi di Ricerche di Biologia
della Selvaggina 22: 255-256.

MAGURRAN A., 2004. Measuring Biological Diversity. Blackwell Pu-
blishing, Malden, MA.

MANGANARO A., 1997. Dati sull'alimentazione del Gufo comune
(Asio otus) nella Laguna di Orbetello (Grosseto, Italia centra-
le). Rivista Italiana di Ornitologia 67: 151-157.

MANGANARO A., RANAZzI L., SALvVATI L., 2000. The diet of the
tawny owls (Strix aluco), breeding in different woodlands in
Central Italy. Buteo 11: 115-124.

MazzoTT1 S., BORTOLOTTI C., 1999. Specie-preda come indicato-
ri delle variazioni stagionali della dieta del Barbagianni Tyto
alba. Rivista Italiana di Ornitologia 69: 89-96.

McDoweLL M.C., MebLIN G.C., 2009. Using the diet of the barn
owl (Tyto alba) as an indicator of small vertebrate abundance
in the Channel Country, south-western Queensland. Austra-
lian Mammalogy 31: 75-80.

MoNTANARI P., 1995. Dieta di Barbagianni, Tyto alba, e compara-
zione con Allocco, Strix aluco, in un sito delle colline piacenti-
ne. Rivista Italiana di Ornitologia 65: 21-28.

OwLmi M., ZarparoLI M. (ed.), 1992. L'ambiente nella Tuscia laziale
- Aree protette di interesse naturalistico della Provincia di Viter-
bo. Universita della Tuscia, Union Printing Edizioni, Viterbo.

Paci A.M., 2020. Natural Pest Control: una panoramica sulla pre-
dazione dei piccoli roditori in Umbria (Italia centrale). Gli Uc-
celli d’Italia 45: 25-36.

PeDRINI P., 1982. Lalimentazione di un Allocco (Strix aluco L.)
nel Trentino. Studi trentini Scienze naturali (Acta biologica) 59:
221-226.

PiNcHERA F., 1987. Note sull’alimentazione dell’Allocco, Strix alu-
co, nell’Appennino Abruzzese. Rivista Italiana di Ornitologia
57: 141-144.

Puini P., 1986. Primi dati sull’alimentazione del Gufo comune
Asio otus nel Lazio. Avocetta 10: 41-43.

PRrReTE S., BAaTTISTI C., MARINI F.,, Ciucci P., 2012. Applying abun-
dance/biomass comparisons on a small mammal assembla-
ge from Barn owl (Tyto alba) pellets (Mount Soratte, central
Italy): a cautionary note. Rendiconti Lincei 23, 349-354.

RANAZzzI L., Puccl L., MANGANARO A., ToMAssI R., DE Giacomo
U., FanFaNi A., 1999. Distribuzione, biologia riproduttiva ed
alimentazione dell’Allocco Strix aluco nella Tenuta Presiden-
ziale di Castelporziano (Roma). Avocetta 23: 160.

SARA M., 1990. Aspetti della nicchia ecologica degli Strigiformi in
Sicilia. Il Naturalista siciliano 14: 109-122.

SARA M., Massa B., 1985. Considerazioni sulla nicchia trofica
dell’Allocco (Strix aluco) e del Barbagianni (Tyto alba). Rivista
Italiana di Ornitologia 55: 61-72.

Simmi F., MaRrTucct O., MANGANARO A., DE Giacomo U., FAN-
FANI A., 1998. Dieta del Gufo Comune Asio otus (Linnaeus,
1758) nellariserva del Lago di Vico (VT). Alula 5(1-2): 140-144.

SIRACUSA M., SARA M., LA MANTIA T., CAIRONE A., 1996. Alimen-
tazione del Gufo comune (Asio otus) in Sicilia. 1l Naturalista
Siciliano 20: 313-320.



30 P. CRESCIA ET AL.

TROTTA M., 2010. Primi dati sulla fenologia riproduttiva e la dieta
del Gufo comune Asio otus nella Riserva naturale di Decima-
Malafede (Roma). Alula 17: 105-111.

VILLAGE A., 1981. The diet and breeding of Long-eared Owils in
relation to vole numbers. Bird Study 28: 214-224.

YMIHORSKI M., Osoica G., 2006. Diet of the Tawny Owl (Strix
aluco) in the Romincka forest (NE Poland). Acta Zoologica Li-
tuanica 16: 46-52.

ZMIHORSKI M., GRYz J., KRAUZE-GRYZ D., OLczYK A., Osoica G.,
2011. The Tawny owl Strix aluco as a material collector in fau-
nistic investigations: the case study of small mammals in NE
Poland. Acta Zoologica Lituanica 21(3): 185-191.

(ms. pres. 9 ottobre 2023; ult. bozze 15 dicembre 2023)





