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Capsule Inthe areas studied, Tawny Owls showed extreme flexibility and opportunism, occupying most

available vegetation types and elevations below the tree-line.

Aims To assess habitat relationships for the species so as to forecast the potential impact of habitat changes.
Methods We censused a total of 321 territories in 12 study areas covering the regional variation in
elevation and the associated heterogeneity in vegetation types and landscape configurations.

Results The species occupied virtually all vegetation types and landscape configurations below the
tree-line. Nests were mostly located on cliffs, but also in tree cavities, buildings, and stick nests of other
raptors. Density varied from 12 to 60 territories/100 km? and mean nearest-neighbour distance from 0.7
to 1.8 km, depending on the availability of broadleaved woodland. Compared to availability, nests were
nearer to cliffs and had higher richness of habitat edges and vegetation types, which positively affected
chick production. Diet composition varied widely according to habitat and was mostly dominated by

Edible Dormouse Glis glis, voles and mice.

Conclusion The conservation status of the species was satisfactory. Future habitat changes may favour
an increase in density. Silvicultural practices encouraging more old trees with large cavities would further

favour this opportunistic species.

TAWNY OWLS STRIX ALUCO ARE GENERALIST NOCTURNAL RAPTORS
WIDELY DISTRIBUTED THROUGHOUT THE PALEARCTIC, WITH HIGHER
ABUNDANCE  IN THE TEMPERATE WOODLAND ZONE (PETTY &
SAUROLA 1997). THOUGH OFTEN CONSIDERED A FOREST OWL,
THEY HAVE  SHOWX REMARKABLE ADAPTABILITY AND
OPPORTUNISM, READILY COLONIZING VRBAN HABITATS, FORESTRY
PLANTATIONS AND INTENSIVELY CULTIVATED AREAS WITH FEW
TREES (REDPATH 1995, PEITY & SAVROLA 1997). THE
SPECIES HAS BEEN THE SUBJECT OF MANY INTENSIVE
INVESTIGATIONS, MOSTLY FOCUSING ON DIET COMPOSITION
AND THE RELATIONSHIP BETWEEN DENSITY, PRODUCTIVITY AND
PREY AVAILABILITY (SOUTHERN 1970, DELMEE IT L 1978,
WENDLAND 1984, JcDRIEJEWSKI IT 4L 1996, METTY &
FAWKES 1997, PETTY 1999, GALEOTTI 2001). ONLY 4 FEW
STUDIES HAVE FOCUSED ON HABITAT SELECTION AND MOST OF
THEM WERE CONDUCTED IN URBAN AREAS OR INTENSIVE FARM
LAND (GALEOTTI 1990, HARDY 1992, REDPATH 1995, PETTY
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1989). OVERALL, RESEARCH IN MOUNTAIN ENVIRONMENTS
HAS BEEN VERY SPORADIC.

IN ITALY, THE SPECIES 1§ WIDELY DISTRIBUTED THROUGHOUT
THE (ENTRAL'NORTHERN PART OF THE PENINSVLA  (PETTY &
SAUROLA 1997). APART FROM SCATTERED DATA ON DENSITY
(SASCOR IT AL 1999, VREZE( 2003) AND DIET (BOUVIER &
BAYLE 1989), N0 (OMPREHENSIVE STUDIES HAVE BEEN
PUBLISHED FOR ANY AREA OF THE ALPS, EITHER IN ITALY OR IN
ADJACENT  (OUNTRIES, FURTHERMORE, ALPINE  FORESTS ARE
(URRENTLY IN A VERY DYNAMIC  STATE MUCH CORPICE
MANAGED WOODLAND IS8 RAPIDLY CONVERTING TO HIGH FOREST,
WHILE LAND ABANDONMENT 1§ CAUSING PROGRESSIVE WOODLAND
EXPANSION AT THE EXPENSE  OF GRASSLAND (PEDRINI &
SERGIO 2002, SERGI0  ET AL 2005), LEAVING AN VRGENT
NEED  TOR STUDIES ON WOODLAND SPECIES 80 A§ T0
FORECAST THE POTENTIAL EUTUVRE IMPACT OF SUCH LANDSCAPE
(HANGES, HERE, WE REPORT DATA ON DENSITY, NEST-ITE
SELECTION, DIET AND PRODUCTIVITY FOR
12 TAWNY OWL ROPUIATIONS OF THE CENTRALEASTERN
ITALIAN ALRS.
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STUDY AREAS

TAWNY OWLS WERE INTENSIVELY SURVEYED BETWEEN 2002
AND 2004 IN A 55 KM? STUDY AREA IOCATED ON MOUNT
BALDO 1IN THE TRENTO REGION OF CENTRALEASTERN ITALIAN
ALDS (FI6. I). ELEVATION RANGED FROM 200 T0 1560 M ASL
THE LANDSCAPE WAS (HARACTERIZED BY FORESTED MOUNTAIN
SLOFES INTERSPERSED WITH VINEYARDS AT LOWER ELEVATION AND
MANAGED GRASSLAND AT MIDDIE  ELEVATIONS.  (LIFF
AVAILABILITY WAS HIGH THROUGHOUT THE STUDY AREA GIS
ANALYSIS OF DATA FROM CEC (1993) REVEALED THAT 537 OF
THE AREA WAS COVERED BY WOODLAND, 237 BY FARMLAND,

87 BY MANAGED GRASSLAND, 7% BY ALPINE MEADOWS
ABOVE THE TREE-LINE, 77 BY SHRUB VEGETATION AND 27 BY
URBAN AREAS. WITH INCREASING ELEVATION, WOODLAND
TENDED T0 BE DOMINATED BY YUERCUS-TILI4-ACER SPECIES,
FAGUS-ABIES SPECIES AND PICEA SPECIES. IN WOODLAND
AREAS, 75% WAS MANAGED A§ COPPICE (MATTHEWS 1989),
MOST OF WHICH WAS AT LOWER ELEVATION, AND 257 WAS
HIGH FOREST, MOST OF WHICH WAS AT HIGHER ELEVATION IN

2002 AND 2003, TAWNY OWLS WERE CENSUSED IN ANOTHER

11 SUADRATS OF 100 KM? SCATTERED THROVGHOUT THE TRENTO

REGION (FI6. 1), AND SELECTED TO (OVER THE REGIONAL

VARIATION IN ELEVATION AND LANDSCARE COMPOSITION.

METHODS

TERRITORIAL PAIRS WERE (ENSUSED BETWEEN OCTOBER AND
FEBRUARY BY LISTENING T0 SPONTANEOUS VOCALIZATIONS AND
BY ELICITING TERRITORIAL (ALLS BY BROADCASTING CONSPECIFIC
VOCALIZATIONS WITH A PORTABLE TAPE-RECORDER (JcDRZEJEWSKI
IT 4I. 1996). IN EACH STUDY ARE4, WE PLOTTED A NETWORK OF
LISTENING STATIONS, LOCATED 300-500 M APART DEPENDING
ON LOCAL TOPOGRAPHY AND ACOUSTI(S, §0 AS TO COVER THE
WHOLE AREA, ALL PLOTS WERE SURVEYED AT LEAST THREE TIMES
BETWEEN OCTOBER AND FEBRUARY AND A TERRITORY WAS
DEFINED AS OCCURIED IF TERRITORIAL CALLS WERE HEARD ON AT
LEAST TWO VISITS WITH MORE THAN 30 DAYS IN BETWEEN.

IN THE MOUNT BALDO INTENSIVE STUDY AREA, WE RUT
MAXIMUM EFFORT INT0 TRYING T0 LOCATE NEST§ OF ALL PAIRS,
ONCE AN OCCUPIED TERRITORY WAS FOUND, IT WAS REPEATEDLY
VISITED AT NIGHT TO OBSERVE PREY DELIVERIES AT THE NEST, AND
DURING THE DAY TO CHECK POTENTIAL NESTSITES ON TREES,
(LIFES OR BUILDINGS, IFNO NEST WAS FOUND, WE CHECKED THE
TERRITORY DURING JUNE AND JULY TO LISTEN FOR PERSISTENT
F00D-BEGGING  CALLS OF THE FLEDGED YOUNG (SOUTHERN
1970, WENDLAND 1984, RANAZII IT AL 2000). I No SUCH
(ALLS WERE HEARD IN AT IEAST THREE SUCCESSIVE VISITS MORE
THAN 40 DAYS APART, THE PAIR WAS ASSUMED T0 HAVE FAILED,
PELLETS AND PREY REMAINS FOUND UNDER NESTS AND  ROOST'
SITES WERE COLLECTED DURING EACH VINIT

(MARCH-JULY), PREY WERE IDENTIFIED TO GENUS OR SPECIES
IEVEL BY COMPARISON WITH THE PRIVATE REFERENCE C(OLLE(-
TION OF L. MARCHESL.  PELLETS AND REMAINS WERE POOLED
ASSUMING THE MINIMUM NUMBER OF PREY-INDIVIDUALS, §0 AS
T0O MINIMIZE  BIASES ASSOCIATED WITH EACH METHOD
(MARCHEST IT 4L 2002).

GIS and statistical analysis

WE IMPLOYED L0GISTI( REGREGSION (TABACHNICK & FIDELL
1996) WITH 4 STEPWISE FROCEDURE T0 ANALYSE THE
INVIRONMENTAL  FACTORS (APPENDIX) DISCRIMINATING
BETWEEN THE 33 OWL TERRITORIES (LE. ONE RANDOMLY
(HOSEN NEST USED WITHIN EACH TERRITORY) CENSUSED IN THE
BALDO ARE4 AND 33 LOCATIONS BANDOMLY PLOTTED WITHIN THE
BALDO AREA, ALL RANDOM IOCATIONS WERE GENERATED BY
MEANS OF THE EXTENSION ANIMAL MOVEMENT OF THE GIS
SOFTWARE ARCVIEW 3.2 (HOOGE & EICHENIAUB 1997).
BECAUSE TAWNY OWLS IN OVR AREA NEST IN (LIFES, TREES AND
BUILDINGS (SEE RESULTS), RANDOM LOCATIONS WERE FLOTTED IN
TYUAL PRORORTIONS ON SIMILAR STRUCTURES. THE IATTER WERE
ALS0 VISITED IN THE FIELD AND RETAINED A§ RANDOM LOCATIONS
ONLY If JUDGED T0 BE POTENTIALLY SUITABLE ok NESTING OWLS,
BASED ON FAMILIARITY WITH THE SPECIES IV THE REGION, IN
ADDITION, BECAUSE TAWNY OWLS ARE TERRITORIAL AND SOLITARY
NESTERS, THE MINIMUM  NEARESTNEIGHBOUR DISTANCE
(NND) AMONG RANDOM LOCATIONS WAS SET T0 BE THE SAME
AS THE MINIMUM NND AMONG OWL TERRITORIES, FINALLY,
RANDOM LOCATIONS WERE PLOTTED ONLY IN THE SAME RANGE OF
ELEVATIONS RECORDED FOR OWL TERRITORIEN

THE VARIABLES (APPENDIX 1) WERE MEASURED IN THE
FIELD, BY ACCESSING GIS LANDUSE MAPS (CEC 1993,
SERVIZIO FORESTE 1999) OR 1Y DIGITIZING I'M-RESOLUTION,
AIRIAL (OLOVR PHOTOGRAPHS (COVRTESY OF PROVINCIA
AUTONOMA DI TRENTO, FERMIT I6M N.278 OF 30 JUNE
2000). THE VARIABLES WERE CHOSEN T0 MEASVRE (1) THE
(HABACTERISTICS OF THE NESTAITE 4ND IT§ IMMEDIATE
SURROVNDINGS (WITHIN A RADIUS OF 100 M); (2) THE
DISTAN(E T0 JOTENTIAL HUNTING GROUNIS OR TO SOVRCES OF
HUMAY DISTURBANCE; AND (3) HABITAT STRUCTURE AND
(OMPOSITION WITHIN 330 M OF THE NEST, WHICH I§ ROVGHLY
HALF THE NND IN 0UR POFULATION. TO REDUCE (OLLINEARITY
AND THE NUMBER OF VARIABLES PRESENTED T0 LOGISTIC
MODELS, WE EMPLOYED THE METHOD OF VARIABLE REDUCTION
FROFOSED BY GREEN (1979) AND COMMONLY EMPLOYED IN
HABITAT SELECTION STUDIES (SER6I0 & BOGLIANI 2000,
SERGI0 T AL 2003A). IN THIS METHOD, PATRS OF INTER
(ORRELATED VARIABLES (I 5> 0.6) ARE (ONSIDERED AW
ISTIMATES OF A SINGLE UNIERLYING FACTOR. ONLY THE ONE
TIKELY T0 BE PERCEIVED A MORE IMPORTANT BY THE STUDY
ORGANISM I RETAIYED FOR ANALYSIS. OF THE REMAINING



VARIABLES, ONLY THOSE FOR WHICH HIGH UNIVARIATE DIFFER
ENCES (P < 0.1) WERE DETECTED BETWEEN NESTSITES
AND RANDOM  LOCATIONS WERE INCLUDED IN MULTIVARIATE
ANALYSES. THE 106ISTIC MODEL WAS VALIDATED BY APPLYING
IT ON 30 OWL TERRITORIES AND 30 RANDOM LOCATIONS FROM
THE RUMO STUDY AREA AND IT§ SURROUNDINGS, ILE THE FAR
THEST FROM THE BALDO PLOT (FI6. I).

TO GAIN 4 DEEPER UNDERSTANDING OF OWL HABITAT UALITY
AND TO TEST WHETHER THE OBSERVED HABITAT (HOICES WERE
ADAPTIVE (SERGI0  IT AL 20034, 2003B), WE USED
MULTIPIE REGRESSION (SOKAL & ROHLF 1981) TO RELATE
BREEDING SUCCESS (MEAN NUMBER OF FLEDGED YOUNG
AVERAGED ACROSS YEARS FOR EACH TERRITORY) T0 THE VARIABLES
PRESENTED T0 THE PREVIOUS HABITAT SELECTION MODELS, WE
ADDED  TO THE SET OF EXPLANATORY VARIABLES 4 FACTOR
VARIABLE WITH TWO LEVELS (I = TERRITORY DOMINATED BY
COPPICE-‘MANAGED WOODLAND; 2 = TERRITORY DOMINATED
BY HIGH FOREST), THIS WAS CONSIDERED A§ A POTENTIAL DETER-
MINANT ~ OF BREEDING SUCCESS, AND ALSO TESTED THE
POTENTIAL IMPACT ON OWL PRODUCTIVITY OF THE ONGOING
CONVERSION OF COPPICE WOODLAND TO HIGH FOREST.

FINALLY, TO INVESTIGATE THE OWL HABITAT RELATIONSHIRS AT
A TARGER SPATIAL SCALE, WE (ORRELATED OWL DENSITY IN EACH
OF THE 12 STUDY AREAS WITH THE FOLLOWING VARIABLES: MEAN
ELEVATION OF THE STUDY AREA ((ALCVIATED WITH 4 GIS, BASED
ON A IGM-RESOLUTION DIGITAL ELEVATION MODEL),

RUGGEDNESS INDEX (NUMBER OF CONTOUR LINES CROSSED
BY TWO I'KM  NORTH-SOUTH AND [EAST-WEST TRANSECTS,
AVERAGED ACROSS THE WHOLE STUDY AREA), THE PERCENTAGE OF
THE AREA COVERED BY URBAN AREAS, FARMLAND, GRASSLAND,
WATER, SHRUB VEGETATION, ROCKY OUTCRORS, BROADLEAVED
TORESTS, (ONIFER FORESTS, MIXED BROADLEAVED AND CONIFER
FORESTS, TOTAL WOODLAND, WOODLAND MANAGED 4§ COPPICE,
AND  WOODLAND MANAGED AS HIGH FOREST; AND THE
SHANNON INDEX OF HABITAT DIVERMITY (KREBS 1998).
REGULARITY OF NEST SPACING WAS ASSESSED BY MEANS OF THE
GATATISTIC (BROWN 1975), CALCULATED AS THE RATIO OF THE
GEOMETRIC TO THE ARITHMETIC MEAN OF THE SSUARED NNDS,
THE INDEX RANGES FROM O T0 I AND VALUVES ABOVE
0.65 INDICATE A REGULAR DISPERSION OF NESTAITES, IN ALL
ANALYSES, MEANS ARE GIVEN =+ I SE, TESTV ARE TWO-TAILED,
AND STATISTICAL STGNIFICANCE WAS §ET AT o < 0.05. WHEN
MULTIPLE TESTS WERE PERFORMED ON THE SAME DATA SET, THE
SEQUENTIAL BONFERRONI CORRECTION WAS USED TO ADJUST THE
SIGNIFICANCE LEVEL

RESULTS

Density, nest dispersion and productivity

WE CENSUSED 33 OWL TERRITORIES IN THE BALDO AREA,
(ORRESPONDING T0 A DENSITY OF 60 PAIRS/100 KM? (TABLE
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Figure 1. Location of 12 Tawny Owl study areas in the Trento region (depicted in grey in the inset) of the central-eastern Italian Alps. Each
point represents the baricentre of a 100 km? quadrat. 1, Baldo study area; 2, Lavacchio; 3, Varagna; 4, Vallarsa; 5, Sarca Valley; 6, Calliano;
7, Caldonazzo; 8, Bleggio; 9, Molveno; 10, Adige Valley; 11, Noce Valley; 12, Rumo.
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Table 1. Density, nestdispersion and productivity of a Tawny Owl population in the Mount Baldo study area (central-eastern Italian Alps,

2002-2004).

Year
Variable 2002 2003 2004 Grand mean
Density (territories/100 km?) 60.0 60.0 60.0 60.0
Mean NND (m) 684.9 + 67.3 694.1 + 67.9 653.4 £+ 554 677.5 £ 36.5
G-test 0.692 0.687 0.696 0.692
No. nests checked for reproduction 20 24 9 532

Mean no. fledged young/territorial pair®
Mean no. fledged young/successful pair®
Successful pairs (%) 80.0

1.90 + 0.28 (20)
2.38 +0.22 (16)

1.17 + 0.26 (24) 1.44 +0.38 (9)  1.49 + 0.17 (53)
1.87 +0.29 (15) 1.63 + 0.37 (8)  2.03 £ 0.17 (39)
62.5 88.9 73.6

aTotal number of nests checked. PThe variations in sample size among the three years of study reflect sampling effort and not the breeding

effort of the population.

Table 2. Density and nest spacing of Tawny Owls in 12 study areas of the Trento region (central-eastern Italian Alps, 2002—2003).

No. of Mean territory Density Mean Range of
Study area territories elevation (m)  (territories/100 km?) NND (m) NNDs G-test
Baldo 33 710.3 £ 37.3 60.0 677.5 + 36.5 360-1912 0.69
Lavaccchio 49 968.0 *+ 96.9 49.0 1001.0 + 109.0 550-1730 0.81
Varagna 60 1110.0 + 62.5 60.0 766.0 = 50.9 390-1020 0.87
Vallarsa 23 772.0 £ 53.2 23.0 1397.3 +186.8 490-2910 0.63
Sarca Valley 28 690.9 + 35.0 28.0 1179.1 + 153.3 520-1610 0.68
Calliano 15 725.0 £ 754 15.0 2056.0 = 160.0 1460-2860 0.90
Caldonazzo 12 780.8 *+ 68.3 29.0 1181.7 + 162.1 490-2250 0.67
Bleggio 26 9285 + 73.4 12.0 1736.2 + 254.2 870-4070 0.65
Molveno 15 865.0 + 50.9 26.0 1145.0 + 138.9 450-1730 0.71
Adige Valley 29 681.8 +43.1 15.0 1267.3 £ 119.6 450-3220 0.60
Noce Valley 13 768.2 £ 31.2 13.0 1272.1 +£178.2 390-4210 0.38
Rumo 18 888.0 £ 70.1 18.0 1842.0 + 220.8 820-2870 0.76
Grand mean 321 7959 +17.2 27.8 1207.9 £ 52.0 360—-4210 0.70

1). THERE WAS NO VARIATION AMONG YEARS IN MEAN NND
(aNova ON VARIABLE L6y TRANSFORMED, F,,; = 0.62, P =
0.94; TABLE 1), IN THE OTHER STUDY AREAS, ])ENSITY VARIED
BETWEEN 12 AND 60 TERRITORIES 100 KM? (TABLE 2). THERE
WAS SIGNIFICANT VARIATION AMONG AREAS IN MEAN NND
(ANOVA ON 106 TRANSFORMED VARIABLE: Fy, 5o, = 8.22, P
= 0.0009), WIIICII RANGED BETWEEN 678 AND 2056 M
(TABLE 2). THE GATATISTIC INDICATED 4 REGULAR OR NEARLY
REGULAR DISPERSION OF TERRITORIES IN TEN OF THE 12 AREAS,
IN THE MOUNT BALDO PLOT, THE MEAN LAYING DATE WAS 1
APRIL (RANGE: 2 MARCH-16 APRIL §E = 2 DAYS; ¥ = 33).
THIS DOES NOT INCLUDE A POSSIBLE REPLACEMENT (LUT(H
IAID ON 8 JUNE (ONE CHICK FLEDGED) THERE WAS NO
VARIATION AMONG YEARS IN MEDIAN NUMBER OF YOUNG
FLEDGED PER TERRITORIAL OR SUCCESSFUL PAIR (KRUSKAL-WALLIS
TEST, X2, < 4.42, P> 0.11), 0k IN THE PERCENTAGE OF
TERRITORIAL PAIRS WHICH SUCCESSFVLLY RAISED AT LEAST ONE
(HICK T0 FLEDGING (x2, = 3.15, P = 0.21) (TABLE 1).

Nest-site selection

OVERALL, WE FOUND 44 NESTS USED AT LEAST ONCE  FOR
LAYING IN THE BALDO AREA. OF THESE, 28 WERE IN CLIFF
HOLES, NINE 1IN CAVITIES OF OLD TREES (EIGHT OF THESE IN
SWEET CHESTNUST (ASTANEA §4TIV), FOUR IN BUILDINGS,
TW0 IN TREE-HOLES ORIGINALLY EXCAVATED BY BLACK
WOODPECKERS DRYOCOPUS MARTIUS, AND ONE IN A STI(K NEST
ORIGINALLY BVILT BY COMMON BUZZARDS BUTEO BUTEO. ALL
(LIEE NESTS WERE IN THE LOWER PORTION OF THE (LIEF, AT OR BELOW
THE TREE CANORY LEVEL, AND WERE USUALLY HIDDEN BY IVY
HEDERA HELIX 6ROWING ON THE (LIEF FACE.

OF THE VARIABLES PRESENTED TO0 THE LOGISTIC REGRESSION
DISCRIMINATING BETWEEN OWL NESTS AND RANDOM  SITES
(TABLE 3), TW0 ENTERED THE FINAL MODEL: DISTANCE T0 (LIEE
(B = -0.16 : 0.05, WAL} = 12.23, P = 0.0001) AND
INTERSPERSION INDEX (B = 0.20 + 0.09, WALD = 5.14, P =
0.023; B FOR (ONSTANT = 1.86 : 1.05). THE MODIL



Table 3. Environmental variables (mean + 1 se) measured at 33 Tawny Owl nests and at 33 random locations (Mount Baldo, central-eastern

Italian Alps).

Variable Nest-sites Random locations
Elevation (m)a* 710.3 +£37.3 839.1 +47.6
% slopea** 48.2 +4.2 30.6 +3.44
Ruggedness index 2t 39.3 £+3.0 32.0 £2.7
NND (m)? 646.4 +54.2 699.1 +28.3
Distance to cliff (m)b*** 277.2 £49.4 634.6 +53.6
Distance to tree cavity (m)® 1329.7 +169.9 1400.9 £ 155.1
Distance to grassland (m)° 131.2 +28.9 124.2 + 30.6
Distance to coppice (m) 1346 +45.4 130.6 +24.6
Distance to high forest (m) 692.1 +£110.2 538.5 £ 92.6
Distance to dirt road (m)® 147.3 +19.8 123.6 +23.3
Distance to road (m)® 535.5 +82.7 388.2 +64.7
Distance to building (m)?2 313.9 £50.6 256.4 + 39.5
Cliff length (m)* 335.2 +81.4 1015 +65.0
Isolated treesP 9.6 +1.3 7.7 £1.3
Edge length (m)° 1664.6 + 199.3 1170.6 +144.8
Open interspersion index® 42 +0.6 31+04
Interspersion index*** 8.0 +0.8 51+0.5
% coppice woodland® 51.7 £+6.3 36.4 £6.2
% Beech coppice® 7.9 +3.0 13.1 +4.9
% high forest® 182 +4.4 18.7 +5.0
% broadleaved high forest® 09 +0.5 09 £0.9
% conifer high forest¢ 153 +4.4 175 +5.0
% broadleaved woodland® 54.6 +6.3 37.7 £6.2
% total woodland® 69.9 + 3.9 55.2 +5.8
% urban areas® 3.7+25 32 +1.0
% grasslandc* 21.8 £+ 3.0 39.2 +5.2
% farmland® 15 +£0.7 1.3 +£0.5
% rocky®** 32+1.0 1.1 +0.7
Habitat diversity 0.57 +0.20 0.55 +0.20

Univariate differences between the two samples were tested by means of t-tests: + 0.05 < P < 0.1; *P < 0.05; **P < 0.01; ***P < 0.001.
Variables in italic were presented to the logistic regression model after variable reduction (see Methods). @ t-Test carried out on the variable
log,-transformed; ® t-test carried out on the variable square-root transformed; © t-test carried out on the variable transformed in the arcsine square

root of the proportion.

(ORRECTLY RECLASSIFIED 827% OF THE OWL NEISTS AND 79% OF
THE RANDOM LOCATIONS (807 OVERALL). WHEN VALIDATED ON
THE INDEPENDENT DATA SET, THE MODEL (ORRECTLY CLASSIFIED
837 OF 30 0WL NESTS AND 87% 0F 30 RANDOM LOCATIONS.

Correlates of productivity and density

IN A MULTIPLE REGRESSION, THE ONLY PREDICTOR OF THE MEAN
PRODUCTIVITY OF A TERRITORY WAS THE INTERSPERSION INDEX
(B=01L: 00L1= 227 P= 0032 i* = 0.18).
DENSITY IN THE 12 STUDY PORVLATIONS WAS ROSITIVELY
RELATED T0 THE EXTENT OF BROADLEAVED WOODLAND IN EACH
AREA (B = 0.78, P = 0.048). ALL OTHER RELATIONSHIES WERE
NOT SIGNIFICANT AFTER THE BONFERRONI CORRECTION.

Diet

TO DESCRIBE VARIATIONS IN DIET (OMPOSITION  DURING THE
BREEDING PERIOD (MARCH-JULY), WE ASSIGNED TERRITORIES T0

FOUR MAIN HABITAT (ATEGORIES: (I) CORPICE-MANAGED W00D-
IAND (JOMINATED  MAINLY BY BEECH OR A MIXTURE 0F
PUBESCENT  OAK  GUERCUS  PUBESCENS, EVROPEAN
HOPHORNBEAM (STRI4  ({RPIVIFOLI{ AND FLOWERING ASH
FRAXIVUG ORNUS); (2) BROADLEAVED HIGH FOREST (MOSTLY
BEECH-DOMINATED): (3) MIXED HIGH FOREST (MOSTLY
(0MPOSED 0F BEECH AND SPRUCE); AND (4) URBAN. THE DIET
WAS DOMINATED BY (1) EDIBLE DORMOUSE  GLIS 6l 1IN
(OFPICE-WOODLAND; (2) MICE, VOLES, EDIBLE DORMOVSE AND
VARIOUS BIRD SPECIES IN BROADLEAVED HIGH FOREST. (3) EDIBLE
DORMOVSE, VOLES, MICE, SYVIRRELS AND VARIOUS BIRD SPECTES
(ESPECIALLY ZVRDUS §PR) IN MIXED HIGH FOREST, AND (4)
SPARBOWS, FINCHES AND PIGEONS IN URBAN AREAS (TABLE 4).

DISCUSSION

OUR REGIONALSCALE RESULTS CONFIRMED THE REMARKABLE FLEX-
IBIITY AND  OPRORTUNISM  PREVIOUSLY REPORTED FOR THE
SPECIES AT 4 IARGER, CONTINENTAL SCALE (PETTY & SAVROLA



Table 4. Diet of Tawny Owls (n = 29 sampled territories) on Mount Baldo (central-eastern Italian Alps) according to four main habitat types.

Coppice Broadleaved Mixed Urban
woodland high forest high forest areas

Prey category n %n % w n % n % w n %n  %w n %n %w
Mammals 185 85.7 94.1 178 82.0 84.3 220 73.8 820 71 12.8 33.8
Edible Dormouse Glis glis 95 440 81.2 10 46 234 25 8.4 30.0 8 1.4 438
Apodemus spp. 56 259 71 132 60.8 4538 50 16.8 8.9 37 6.7 33
Bank Vole Clethrionomys glareolus 28 13.0 4.8 14 6.5 6.6 47 158 11.2 0 0.0 0.0
Common Dormouse Muscardinus avellanarius 0 0.0 0.0 10 4.6 3.9 27 9.1 54 0 0.0 0.0
Brown Rat Rattus norvegicus 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 14 25 249
Unidentified Microtinae 6 2.8 1.0 5 2.3 2.3 40 134 9.6 0 0.0 0.0
Garden Dormouse Eliomys quercinus 0 0.0 0.0 0 0.0 0.0 10 34 7.6 0 0.0 0.0
Red Squirrel Sciurus vulgaris 0 0.0 0.0 0 0.0 0.0 2 0.7 53 0 0.0 0.0
Other mammals? 0 0.0 0.0 7 3.2 2.3 19 6.4 3.4 12 22 0.7
Birds 23 10.6 5.9 28 129 15.6 45 15.1 18.3 475 85.7 66.2
House Sparrow Passer domesticus 3 1.2 0.5 0 0.0 0.0 0 0.0 0.0 92 16.6 11.1
Chaffinch Fringilla coelebs 6 2.8 0.8 7 3.2 2.6 4 1.3 0.7 69 125 6.6
Unidentified Passeriformes 4 1.9 0.5 3 1.4 1.0 21 7.1 3.7 64 116 5.7
European Greenfinch Carduelis chloris 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 51 9.2 6.6
European Goldfinch Carduelis carduelis 1 0.5 0.1 2 0.9 0.6 0 0.0 0.0 43 78 3.1
Common Blackbird Turdus merula 3 1.4 1.8 0 0.0 0.0 2 0.7 1.7 19 34 8.1
Mistle Thrush Turdus viscivorus 0 0.0 0.0 0 0.0 0.0 8 2.7 8.0 0 0.0 0.0
Unidentified Turdidae 0 0.0 0.0 4 1.8 7.1 2 0.7 1.8 3 0.5 1.4
Rock Pigeon Columba livia 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 7 1.3 85
Other birdsP 6 2.8 2.1 12 55 4.3 8 2.7 22 127 229 151

Invertebrates 8 3.7 0.0 11 5.0 0.1 33 11.0 0.2 8 1.4 0.0
Melolontha melolontha 0 0.0 0.0 0 0.0 0.0 32 10.7 0.2 0 0.0 0.0
Other invertebrates® 8 3.7 0.0 11 5.1 0.1 1 0.3 0.0 8 1.4 0.0
Total 216 217 298 554

Mean prey mass + se (n)¢ 73.1 + 3.8 (216) 26.6 +1.9 (217) 37.7 £2.6 (298) 40.3 £ 2.9 (554)
Prey samples were collected at 11 territories dominated by coppice woodland vegetation, eight dominated by broadleaved high forest, eight dom-
inated by mixed high forest, and at two urban territories. Only prey groups accounting for more than 5% by number or weight in at least one
habitat category are shown. n = Number of items; % n = % by number; % w = % by live weight. 2Includes: Common Shrew Sorex araneus (in
order of habitat, respectively: n =0, n=1, n=7, n = 0); Pygmy Shrew Sorex minutus (0, 2, 0, 0); Alpine Shrew Sorex alpinus (0, 0, 6, 0);
Soricidae spp. (0, 2, 3, 0); Common Mole Talpa europaea (0, 1, 3, 0); Chiroptera spp. (0, 0, 0, 4); House Mouse Mus musculus (0, 1, O, 2);
Muridae spp. (0, 0, 0, 6). Includes: Common Quail Coturnix coturnix (0, 0, 0, 1); Eurasian Scops Owl Otus scops (1, 0, 0, 0); Tengmalm’s Owl
Aegolius funereus (1, 0, 0, 0); Common Swift Apus apus (0, 0, O, 7); Eurasian Wryneck Jynx torquilla (0, O, O, 1); Barn Swallow Hirundo rus-
tica (0, O, O, 1); Eurasian Crag Martin Ptyonoprogne rupestris (0, 0, 0, 3); House Martin Delichon urbicum (0, 0, 0, 5); Pied Wagtail Motacilla
alba (1, 4, 0, 23); Grey Wagtail Motacilla cinerea (0, 0, 0, 6); European Robin Erithacus rubecula (0, 0, 0, 8); Common Redstart Phoenicurus
phoenicurus (0, O, O, 2); Song Thrush Turdus philomelos (1, 0, 2, 3); Blackcap Sylvia atricapilla (0, 0, 0, 3); Sylviidae spp. (0, 1, 0, 0); Common
Chiffchaff Phylloscopus collybita (0, 0, 0, 1); Crested Tit Lophaphanes cristatus (0, O, 4, 0); Blue Tit Cyanistes caeruleus (0, O, O, 3); Great Tit
Parus major (0, O, O, 11); Paridae spp. (0, 5, 0, 11); Wood Nuthatch Sitta europea (0, 0, 0, 1); Red-backed Shrike Lanius collurio (O, O, 0, 1);
Common Starling Sturnus vulgaris (0, 0, O, 8); Eurasian Tree Sparrow Passer montanus (0, 0, O, 6); Atlantic Canary Serinus canaria (0, 0, 0, 1);
European Serin Serinus serinus (0, 0, 0, 2); Common Bullfinch Phyrrula phyrrula (0, 0, 2, 0); Hawfinch Coccothraustes coccothraustes (0, 1, O,
1); Fringillidae spp. (2, 1, 0, 18). cIncludes: Euscorpios spp. (4, 0, 0, 0); Coleoptera spp. (3, 7, 0, 8); Anoplotrupes stercorosus (0, 1, 0, 0);
Scarabeidae spp. (0, 0, 1, 0); Orthoptera spp. (1, 0, 0, 0). ®Mean mass of all the prey items in each sample (measured in g).

1997, GALEOTTI 2001). IN THE ALPS, TAWNY OWLS 0CCURRED
OVER AN EXTREMELY BROAD RANGE OF ELEVATIONS (TABLE 2),
FROM THE VALLEY FLOORS UP T0 THE LIMIT OF THE TREE-LINE,
(ORRESPONDING TO A MULTITUDE OF LANDSCARE, MICROCLIMATE
AND VEGETATION TYPES, THE ABILITY T0 USE A WIDE ARRAY OF NEST
STRUCTURES (CLIEES, TREES, BUILDINGS, ETC) FVRTHER FAVOVRED
THE COLONIZATION OF MOST OF THE HABITATS AVAIL- ABLE IN THE
REGION, FROM URBAN AREAS TO FRAGMENTED WOODLANDS OR
CONTINUOUS FORESTS VARYING IN FLORISTIC COM- POSITION AND
MANAGEMENT. FURTHERMORE, THE PRONOUNCED

HABITATRELATED VARIATION IN DIET COMPOSITION HIGHLIGHTED
THE OPPORTUNISTIC FORAGING TACTIC OF THIS OWL (APARLE  OF
EXPLOITING 4 WIDE SPECTRUM OF PREY, RANGING FROM GROUND-
IWELLING SPECIES SUCH AS VOLES AND MICE, TO ARBOREAL
SPECIES SUCH 4§ EDIBLE DORMOUSE AND SOME BIRDS,
(OMPARED T0 RANDOM LOCATIONS, TAWNY OWLS SELECTED
SITES: (1) YEARER T0 (LIFES, WHICH MAY PROVIDE ABUNDANT
NESTSITES WITH DIEEICVLT ACCESS T0 MAMMALIAN PREDATORS
(INCLUDING HUMANS: SERGIO IT 41 20034, 2005); AND (2)
WITH HIGHER RICHNESS OF HABITAT TYEES AND ECOTONES. THE



IATTER RESVLT I§ T0 BE EXPECTED FOR VARIOUS REASONS: (4)
TAWNY OWLS ARE 4 'SITANDWAIT'  PREDATOR OFTEN
EXPIOITING HABITAT EDGES (SOUTHERN & LOWE 1968,
HARDY 1992, REDPATH 1995); (B) THE OWL DIET USUALLY
VARIES SEASONALLY, BEING DOMINATED IN DIFFERENT PERIODS
BY DPREY TYPES ASSOCIATED  WITH DIFFERENT HABITATS
(SOUTHERN & LOWE 1968, WENDLAND 1984, GALEOTTI
2001); AND (C) PREY ABUNDANCE AND DIET (OMPOSITION
MAY VARY RADICALLY BETWEEN YEARS WITHIN EACH TERRITORTY,
WHICH IS USUALLY OCCURIED K0k LIFE (SOUTHERN & LOWE
1968, PETTY & SAVROLA 1997).

LONG'TERM AND ALL-YEARROUND MAINTENANCE OF AN ALL
PURROSE ~ TERRITORY MAY PROMOTE SELECTION OF A
STRUCTURALLY DIVERSE FORAGING AREA, ALLOWING FOR RARID
PREY/HABITAT SWITCHING AMONG SEASONS AND YEARS, AS
ORIGINALLY POINTED OUT BY SOVTHERY & LOWE (1968,
PETTY 1989). IN TURN, THIS MAY EXPIAIN WHY TERRITORIES
WITH HIGHER RICHNESS OF VEGETATION TYPES AND BOUNDARIES
ALSO ENJOYED HIGHER PRODUCTIVITY, WHICH FVRTHER SUGGESTS
THAT THE OBSERVED CHOICES WERE ADARTIVE, AND THAT SUCH
A SELECTED FEATURE WAS A COMPONENT OF TERRITORY UALITY
TOR THE OWLS. A SIMILAR PREFERENCE FOR DIVERSE AREAS RICH
IN EDGES HAS BEEN RERORTED FOR OTHER GENERALIST BARTORS
(AUSTIN IT L. 1996, MARTINEZ & ZUBEROGOITIA 2004,
SERGIO IT 4L 2005). FINALLY, THE FACT THAT TAWNY OWLS
RESPONDED MORE TO THE STRUCTURE OF THE LOCAL LANDSCARE
(LE. AVAILABILITY OF HABITAT EDGES) THAN T0 IT§ COMPOST-
TION (FORMAN 1995) MAY FURTHER EXPLAIN THE SUCCESSFUL
(0LONIZATION BY THE SPECIES OF §0 MANY HABITAT TYRES,
WHICH MAKES TAWNY OWLS PROBABLY THE MOST
UBISUITOUS ~ RAPTORS OF THE ALRS, HOWEVER, DESPITE SUCH

FIEXIBILITY IN INDIVIDUAL HABITAT CHOICES, AT THE POP-
ULATION LEVEL DENSITY WAS DPOSITIVELY RELATED TO THE
AVAILABILITY OF BROADLEAVED WOODLAND,  WHICH FVRTHER
(ONFIRMS  THE LARGESCALE LINK OF THIS SPECIES WITH SUCH
MACROHABITAT, A PREVIOUSLY QUALITATIVELY REPORTED AT A
(ONTINENTAL SCALE (PETTY & SAVROLA 1997).

IN CONCLUSION, TWO FEATURES OF OVR PORVIATION  DIFFER
FROM MOST PREVIOUS STUDIES ON THIS SPECIES. FIRST, T0 OVR
KNOWLEDGE, THIS IS THE FIRST POPULATION STUDIED THAT HAS
SUCH A HIGH FRESVENCY OF (LIFF NESTING. THIS MAY HAVE
BEEN PROMOTED BY (1) THE IOW AVAILABILITY OF MATURE
TREES WITH SUITABLE (AVITIES, AND (2) THE WIDESPREAD
PERSECUTION OF RAPTORS AT THE NEST WHICH OCCURRED IN THE
ALPS UNTIL RELATIVELY RECENTLY. AS WELL A8 BEING WIDELY
AVAILABLE IN THE ALPINE LANDSCAPE, (LIFES ARE LIKELY TO
BE LESS ACCESSIBLE TO HUMANS THAN NESTS IN TREES OR
BUILDINGS. SIMILAR DYNAMICS HAVE BEEN REPORTED FOR OTHER
ALPINE  RAPTORS (SERGIO T AL 20034, 2005). SECOND,
APART FROM 4 PREVIOUS §TUDY IN THE WESTERN ALPS (BOUVIER
& BAYIE 1989), THIY 1§ THE FIRST POPVLATION STUDIED
THAT HAS 4 DIET DOMINATED BY EDIBLE DORMOUSE. THIS
SPE(IES 1§ EXTREMELY  ABUNDANT  IN THE BROADLEAVED
WOODLAND OF THE ALMS AND MAY REPRESENT AN IDEAL PREY
GIVEN  ITS§ RELATIVELY LARGE BODY WEIGHT AND EXTREMELY
PERSISTENT NOCTURNAL VOCALIZATIONS, WHICH PROBABLY
MAKE IT AN EASY TARGET FOR A NIGHT PREDATOR EMPLOYING
AUDITORY (UES, FURTHERMORE, EDIBLE DORMOUSE IS MORE
ABUNDANT IN COPPICE-MANAGED WOODLAND THAN IN OTHER
TOREST TYPES (UNPUBL ~ DATA), WHICH EXPLAINS ITS HIGHER
OCCURRENCE IN THE DIET OF PAIRS OCCURYING  TERRITORIES
DOMINATED BY COPPICE WOODLAND (TABIE 4). THIS

Table 5. Density, nearest-neighbour distance (NND) and productivity of some Tawny Owl populations in mountainous areas of Europe (1980s
and 1990s). Only study areas of more than 30 km? are included, as smaller plots were demonstrated to yield inflated estimates of density

(Galeotti 2001).

Young fledged (n)

Territories/ Breeding
100 km? NND (m) success® per territorial per successful
Area Year (n) (n) (%) pair pair Source
Kielder Forest, England 1981-1987 64.4 (58)> 890 (30) 30-96 1.63 (210) — Petty 1989, Petty & Fawkes 1997
Bizkaia, Spain 1993-1996 72.6 (1704) - - - - Zuberogoitia & Martinez
Climent 2000
Mt. Krim, Dinaric Alps,
Slovenia 1997-2000 40.0 (23) - - - - Vrezec 2003
Sirente-Velino, Apennines,
Italy 1987-1988 40.2 (49) - - - - Penteriani & Pinchera 1990
Central Alps, Italy 1990s 45.0 (18) - - - P. Galeotti & R. Sacchi,
unpubl. data in Galeotti (1990)
Mount Corvo, Alps, Italy ~ 1997-1998 22.4 (17) 1550 (17) - - - Sascor et al. 1999
Mount Baldo, Alps, Italy ~ 2002-2004  60.0 (33) 710 (33) 74 1.49 (53) 2.03 (39) This study
Trento region, Alps, Italy¢ 2002—-2004 27.8 (321)c 796 (321)° - - - This study

aPercentage of territorial pairs raising at least one chick to fledging age. "Cumulative number of territories occupied at least once during a
seven-year period. °Based on the cumulated sample from 12 study areas (see Table 2).



Downlo

(ONFIRMS THE WELL-DEMONSTRATED PREFERENTIAL EXPLOITA-
TION OF THE MOST AVAILABLE AND PROFITARLE PREY BY THIS
OPPORTUNISTIC SPECIES (SOUTHERN 1970, DELMEE IT AL
1978, WENDLAND 1984, JcDRIEJEWSKI IT 4L 1996, PETTY
1999).

Conservation implications

THE (ONSERVATION STATUS OF THESE POPULATIONS I§ SATISEA(
TORY. POPVLATIONS SEEM STABLE, BASED ON MORE THAN 30
TERRITORIES KNOWN  TO BE CONTINUOUSLY OCCUPIED FOR THE
PAST TEN YEARS, DENSITY  WAS IN THE RANGE OF VALUES
REPORTED FOR OTHER MOUNTAINOUS AREAS OF EUROPE (TABLE
5) AND PRODUCTIVITY WAS (OMPARABIE TO PREVIOUSLY
REPORTED ESTIMATES (SOUTHERN 1970, WENDLAND 1984,
PETTY 1989, JIRIEJEWSKI IT AL 1996, RANAZZII IT AL
2000). THE ONGOING CONVERSION OF MUCH (OPPICE W00D-
IAND T0 HIGH FOREST I§ LIKELY T0 BE BENEFICIAL  FOR TAWNY
OWLS, WHILE THE PROGRESSIVE WOODLAND  EXPANSION
AWSOCIATED WITH LAND ABANDONMENT MAY FURTHER FAVOUR
THE SPECIES,  SILVICULTURAL PRACTICES ALLOWING HIGHER
AVAILABILITY OF EDGE HABITATS AND OF MATURE Ok DEAD TREES
WITH IARGE CAVITIES WOULD  ADDITIONALLY BENEFIT THIS
OPRORTUNISTIC OWL.
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Environmental variables measured at Tawny Owl nests and random locations.

Variable Description

Elevation (m) Elevation of the nest above sea level

Number of contour lines crossed by two N-S and W-E transects of 660 m

% slope Percentage slope within 100 m of the nest
Ruggedness index
NND (m) Distance to the nearest Tawny Owl territory

Distance to cliff (m) Distance to the nearest cliff
Distance to tree cavity (m)
Distance to grassland (m)
Distance to coppice (m)
Distance to high forest (m)
Distance to building (m)
Distance to dirt road (m)
to road (m)

Distance to building (m)
Cliff length (m)

Isolated trees

Edge length (m)

Open interspersion index
Interspersion index

% coppice woodland

% Beech coppice

% high forest

% broadleaved high forest
% conifer high forest

% broadleaved woodland
% total woodland

% urban areas

% grassland

% farmland

% rocky

Habitat diversity

Distance to the nearest grassland field

Distance to the nearest building

Distance to the nearest paved road

Distance to the nearest dirt road Distance

Distance to the nearest inhabited building

Length of cliff fronts within a radius of 330 m

Number of isolated trees within a radius of 330 m

Length of edges betweenwoodland and grassland

Number of boundaries between woodland and grassland crossed by two N-S and W-E transects of 660 m
Number of habitat boundaries crossed by two N-S and W—E transects of 660 m

Percentage extent of coppice-managed woodland within a radius of 330 m

Percentage extent of coppice-managed woodland dominated by Beech within a radius of 330 m
Percentage extent of woodland managed as high forest within a radius of 330 m

Percentage extent of broadleaved high forest within a radius of 330 m

Percentage extent of conifer high forest within a radius of 330 m

Percentage extent of broadleaved woodland within a radius of 330 m

Percentage extent of any woodland type within a radius of 330 m

Percentage extent of urban areas within a radius of 330 m

Percentage extent of grassland within a radius of 330 m

Percentage extent of intensive farmland within a radius of 330 m

Percentage extent of rocky outcrops and arid-sparse vegetation within a radius of 330 m
Shannon index? of habitat diversity (Krebs 1998)

Distance to the nearest tree with potentially suitable nesting cavities

Distance to the nearest patch of coppice-managed woodland
Distance to the nearest patch of woodland managed as high forest

aCalculated as: Z(p log.p), where p is the proportion of each habitat type.



