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Capsule Juvenile non-breeding males and females explored surrounding areas, returned to breeding

areas, and settled in temporary settlement areas.

Aims To describe movement patterns of juvenile Bonelli’'s Eagles during the transient phase of dispersal.
Methods Radiotelemetry data from 16 individuals were studied.

Results Six main temporary settlement areas were located. No sex differences were found in the time to
first departure from natal areas, time to the first temporary settlement, or time of the first return to natal
areas. Juvenile eagles did not settle in temporary settlement areas until they were, on average, 245 days
old. In general, males and females did not differ in their movement patterns during the early part of the
dispersal period. However, after approximately 500 days males spent 60.8% of their time exploring
surrounding areas, probably with the aim of searching for vacant territories or mates, whereas females

of the same age devoted 26.7% of their time to exploration.

Conclusion Movements and use of sites during the transient phase of dispersal are complex. They have
important implications for the conservation of this endangered species.

MANY VERTEBRATES ARE CHARACTERIZED BY HAVING DEFERRED
MATURATION RESULTING IN A RELATIVELY LONG NON-REPRODUC-
TIVE STAGE EARLY IN THEIR LIFE THERE HAVE BEEN FEW
STUDIES OF MOVEMENT PATTERNS DURING THIS FERIOD (FERRER
19934, WALLS ET AL 2005). THE TRANSIENT PHASE OF
DISPERSAL I8 THE PERIOD WHEN INDIVIDUALS SEARCH FOR OR
MOVE T0 A NEW SITE FROM THEIR NATAL SITE (CLOBERT IT 4L
2001, WIENS 2001). LITTLE EMPIRICAL INFORMATION EXISTS
ABOUT THIS PERIOD FOR MOST ANIMAL GSPECIES (MARSH &
JONES 1988, WENNERGREN IT AL 1995, ZOLINER & LIMA
1999, MCDONALD & JOHNSON 2001). HOWEVER, SUCH
INFORMATION 1§ (RUCIAL FOR UNDERSTANDING THE PROXIMATE
MECHANISMS INVOLVED IN THE EVOLUTION OF NATAL
DISPERSAL (GREENWOOD 1980, JOHNSON & GAINES 1990,
PUSEY & WOIF 1996). INFERENCES ABOUT MOVEMENTS
BASED ON SINGLE-LOCATION STUDIES ARE NECESSARILY LIMITED
(BENNETTS IT 4L 2001). ONLY METHODS SUCH AS
RADIOTELEMETRY, WHICH PROVIDE KNOWLEDGE OF THE STATUN
OF AN ANIMAL AT ANY GIVEN TIME, ARE ADESUATE FOR
DESCRIBING BEHAVIOUR EXHIBITED BY INDIVIDUALS DURING
THIS PHASE OF DISPERSAL

BONELLIS  EAGLES A¢UIL4 FASCIATA ARE LONG-LIVED WITH A
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MAXIMUM LIFE §PAN OF 20 YEARS IN CARTIVITY (NEWTON
1979). JUVENILE BONELLI'S EAGLES HAVE BEEN STUDIED
DURING THE POST-FLEDGING DEPENDENCE PERIOD BY MORVAN
& DOBCHIES (1990), REAL IT AL (1998), MINGUEZ IT 4L
(2001) AND BALBONTIN & FERRER (2005). CADAHIA IT AL
(2005) PROVIDED INFORMATION ON THE MOVEMENTS OF
SEVEN SATELLITETRACKED BONELLIYS EAGLES IN EASTERN SPAIN
DURING THEIR FIRST WINTER. HOWEVER, THE MOVEMENTS OF
JUVENILE BONELLI'S EAGLES DURING THE EVLL DISPERSAL PERIOD
HAVE NOT BEEN DESCRIBED.

STUDIES OF THE MOVEMENT PATTERNS OF BIRDS OF PREY,
SUCH AS (COMMON BUZZARDS BUTE0 BUTEO, HAVE SHOWN
THAT NOT ALL BIRDS LEAVE THEIR NATAL AREAS DURING THEIR
TIRT YEAR OF IIEE AND THE BIRDS THAT DO LEAVE FRESUENTLY
RETURN WHILE THEY ARE STILL IMMATURE (WALLS & KENWARD
1995). IN THIS SPECIES, AN INCREASE IN DISTANCE FROM THE
NATAL NEST WAS ASSOCIATED WITH 4 DECREASE IN RANGE SIZE
AND WITH EARLIER DISPERSAL (WALLS IT AL 1999). SIMILARLY,
DISPERSAL DISTANCE WAS GREATER FOR SPANISH IMPERIAL
EAGLES  AQVILA  ADALBERTI WITH BETTER NUTRITIONAL STATUS
(FERRER 1993B). OTHER FACTORS, SUCH A§ WEATHER, CAN AL§0
INFLUENCE DISPERSAL FOR INSTANCE, 600D WEATHER CON-
DITIONS WERE SUGGESTED TO FACILITATE THE ONSET OF
DISPERSAL IN COMMON BUZZARDS (WALLY IT 4L 2005), AND
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WIND  DIRECTION MAY ALSO DETERMINE THE DISPERSAL
DIRECTION IN BOTH SPANISH  IMPERIAL EAGLES AND
COMMON BUZZARDS (FERRER 1993C, WALLS ET AL 2005).
MOVEMENT PATTERNS IN NEW WORLD BIRDS OF PREY HAVE
BEEN  STUDIED FOR MIGRATORY AND  SEDENTARY SPECIES,
INCLUDING THE PRAIRIE FALCON FAL(0 MEXICANU§ (STEENHOE
IT 4L 2005), FERRUGINOUS HAWK BUTEO RE6ALIS (SCHUECK IT
AL 1998, WATSON 2003) AND OTHERS (STEENHOF IT AL
1984, MABIE IT 41 1994, RESTANI 2000, DYKSTRA IT 4L
2004, LAING IT 4L 2005). IT HAS BEEN SHOWN THAT INTER-
ANNUAL VARIATION IN STAPLE PREY DID NOT AFEECT DISPERSAL
DISTANCE IN GOLDEN EAGLES AYUIL4 (HRISAETOS (STEENHOF
IT AL 1984) AND NO RELATIONSHIP WAS FOUND BETWEEN DI§-
TANCE TRAVELLED AND PREVALENCE OR INTENSITY OF
HEMATOZOAN INFECTIONS IN SHARPSHINNED HAWKS
ACCIPITER STRIATUS (SMITH IT AL 2004).

THE MAIN OBJECTIVE OF OVR STUDY WA§ TO DESCRIBE THE
MOVEMENT  PATTERNS OF 16 RADIOTRACKED JUVENILE
BONELLIS EAGLES. WE DESCRIBE MOVEMENT BEHAVIOUR
FROM THE PERIOD OF PARENTAL INDEPENDENCE (MEAN 148 +
15.9 §) DAYS OF AGE, RANGE 121-169 DAYS, N = 16) T0 4
MEAN AGE OF 531.7 + 205.7 DAYS (RANGE 240-681 DAYS).
NATAL DISPERSAL 1§ FEMALE-BIASED 1IN MOST BIRDS
(6REENWOOD 1980, NEWTON 2003) THUS WE ALSO INVESTI-
6ATED THE EFFE(T OF GENDER ON MOVEMENT BEHAVIOUR AND
DESCRIBE MOVEMENT WITH RESPE(T T FERRERY (19934)
(RITERIA ON MOVEMENT PATTERNS OF A REIATED MEDITER:
RANEAN EAGLE SPECIES, THE SPANISH IMPERIAL EAGLE WE
ALSO STUDIED THE ONTOGENY 0F MOVEMENT BEHAVIOUR.

METHODS

Geographical area

WE STUBIED A BREEDING POPULATION OF BONELLIS EAGLE IN
THE PROVINCE OF CADIZ, SOUTHERN SRAIN (5°32'W,
36°41'N), LOCATED IN THE (ORDILLERAS BETICAS, WHICH IS
THE MAIN MOUNTAIN  SYSTEM OF THE REGION AND IS
COMPOSED OF THE SIERRAS RENIBETICAS 1IN THE SOVTH NEAR THE
MEDITERRANEAN, AND THE SIERRAS SUB-BETICAS FVRTHER
NORTH., ALTITUDE RANGES FROM 80 T0 3482 M ASL AND THE
(LIMATE 1I§ SUBARID MEDITERRANEAN (RIVAS-MARTINEZ
1986) WITH AN ANNUAL RAINFALL RANGING EROM 200 T0 1500
MM. AS IN OTHER EAGLE SPECIES, THE BEHAVIOUR AND
HABITAT USE OF BREEDING  BONELLIS  EAGLES DIFFER FROM THE
JUVENILES. BREEDERS DEFEND  YEAR-ROUND TERRITORIES IN
MOUNTAINOUS  AREAS, WHERE (LIFFS ARE AVAILABLE FOR NESTING,
IN (ONTRAST, ONCE  JUVENILES DISPERSE FROM THE BREEDING
AREAS THEY SPEND  MOST OF THEIR TIME OUTSIDE THESE AREAS
(LE.  OUTSIDE MOUNTAINOUS ~ HABITATS), MOSTLY AT LOWER
ALTITUDES, IN MORE HUMAN-DISTURBED HABITATS

WHERE NONIRRIGATED (ROPS (MAINIY WHEAT) ARE THE
DOMINANT HABITAT TYPE, BUT WITH IRRIGATED CROPS (MAINLY
BEETROOT, (OTTON AND RICE), PASTURE, SCRUBLAND, BUILT-UP
AREA§ AND  FOREST A§ LESS FREQUENT ~ HABITAT TYRES
(BALBONTIN 2005).

Data collection

WE VISITED BREEDING TERRITORIES T0 MARK YOUNG AT 4 TIME
WHEN NESTLINGS WERE 47-53 DAYS OLD, APPROXIMATELY TEN
1AYS BEFORE FLEDGING, MEAN (: §D) HATCHING DATE WAS 17
MARCH (: I8 DAYS)YOUNG WERE RINGED AND EQUIRPED
WITH TRAVSMITTERS WEIGHING 30-35 6, REPRESENTING 2-3%
OF T0T41 BODY WEIGHT AT THE TIME OF MARKING (MEAN ¢ §D
B0DY WEIGHT FOR MALES 1637 + 175 6, FEMALES 2065 +
135 6. THE BADIOTAGS WERE PROVIDED BY BIOTRACK
(WAREHAM, UK) AND WERE FIXED ON THE BACKS OF THE
TAGLES WITH A HARNESS SECURED WITH TEFLON-COATED RIBBOX
(KENWARD 1987). RADIOTAGS WERE FIXED SECURELY T0 AVOID
FREMATURE DETACHMENT BECAUSE OV MAIN AIM WAS T0
STULY EAGLE MOVEMENTS DURING THE PERIOD ENCOMPASSING
THE TRANSIENT PHASE OF DISEERSAL (LASTING AROUND  THAEE
YEARS) HOWEVER, IN GSOME CASES THE MATERIALS
IMPLOYED  LASTED LESS THAN THAEE YEARS OR DETERIORATED
EARLIER THAN EXPECTED. RADIOTAGGING HAS BEEY SHOWY T0
HAVE N0 DETECTABIE ADVERSE  EFFECTS ON PREDISPERSAL
BEHAVIOUR (TYACK IT AL 1988), IISEERSAL MOVEMENTS
(WALLS & KENWARD 1995) OR SURVIVAL (KENWARD IT
AL 2000).

WE USED THE (ELLULAR FRACTION OF A BLOOD SAMPLE T0 SEX
THE YOUN6, WE (OLLECTED 2 MI OF BL00D FROM THE
BRACHIAL VEIN OF THE WING OF YESTLINGS, ALL BLOOD
SAMPLES WERE TAKEN BETWEEN 11:00 AND 15:00 HOURS AND
STORED IN LITHIUMEEPARIN TUBES. FOR THIS ANALYSIS,
IRIMERS 2945E (FR AND 3224R WERE USED FOLLOWING
ELLEGREN (1996).

Radiotelemetry

WE MONITORED RADIOTAGGED YOUNG FOR FIVE DAYS PER WEEK
FROM THE DATE THE FIRST YOUNG BIRD WAS MARKED IN APRIL

1998 UNTIL SEPTEMBER 2000. THE MTE AT WHI(H YOUNG
EAGLES  DEPART FROM THE TERRITORY OF THEIR PARENTS
(INDEPENDENCE ~ DATE) WAS DETERMINED WHEN OFFSPRING
WERE TRIANGULATED A§ BEING OVER 3.5 KM FROM THE NEST
(HALF THE NEAREST NEIGHBOVR DISTANCE, NND) ON TWoO
SUCCESSIVE RADIO CONTACTS OBTAINED ON DIFFERENT DAYS
(BALBONTIN IT 4L 2003, PENTERIANI IT 4L 2003, S0UTVLLO
IT AL 2000). AFTER INDEPENDENCE, WE PROSPECTED FOR
RADIO SIGNALS FROM UNIFORMLY DISTRIBUTED OBSERVATIONAL
POINTY  SITUATED AT 4 (ERTAIN HEIGHT IN ORDER TO IMPROVE



THE DISTANCE AT WHICH TEMPORARILY LOST SIGNALS COULD BE
DETECTED. THIS ALLOWED US TO DETECT SIGNALS AT AN
AVERAGE DISTANCE 0F 40 KM (RANGE 0-80 KM).

IN T0TAL WE WORKED 590 DAYS IN THE FIELD, PROSPECTING
AN AREA OF ABOUT 16 000 KM EVERY WEEK, EACH YOUNG
EAGLE WAS LOCATED AT LEAST THREE TIMES EVERY MONTH BY
SHORT-DISTANC(E ~ TRIANGUIATION (2 KM) WITH 100 M
TRACKING RESOLUTION, USING A STABO RECEIVER PROVIDED BY
GFT (STABO ELEKTRONIK 6MBH, GERMANY) AND A THREF
ELEMENT YA6I ANTENNA., WE ARE (ONFIDENT OF OVR RESULTS
BECAUSE A§ WELL A§ HIGH-ACCURACY LOCATIONS (100 M), WE
AIS0 HAVE IOWER QUALITY RADIO-LOCATIONS (>500 M)
OBTAINED  BY TRIANGULATION, AND MANY  OBSERVATIONS OF
SINGLE DIRECTIONS OF TAGGED INDIVIDUALS OBTAINED FROM
POINTS AT HIGH ALTITUDE (E.G. GEODESIC POINTS AT ELEVATED
POSITIONS SUCH 4§ MOUNTAIN TORS) WHICH GIVE AN IDEA
OF THE DAY'TO-DAY MOVEMENTS  OF EAGLES. THE [IATTER
INFORMATION IS NOT PRESENTED HERE, BUT IT WAS USEFUL
T0 DOUBLE-CHECK  THAT THE MOVEMENT  BEHAVIOUR OF
JUVENILES PRESENTED HERE AGREES WITH BEHAVIOUR OBSERVED
IN THE FIELD USING ALL AVAILABLE INFORMATION. WE USED
POSITIONAL FIXES TAKEN AT LEAST 24 HOURS APART TO ENSURE
INDERENDENCE OF THE RADIOTRACKING DATA.

WE TUSED THE UTILIZATION DISTRIBUTION (UD) (URVE
(KENWARD & HODDER 1996) T0 DEFINE '(ORE AREAY FOR
EACH RADIOTAGGED EAGLE. CORE AREAS WERE DEFINED BY
EXCLUDING THE PERCENTAGE OF FIXES THAT PROVOKED 4
DISCONTINVITY IN THE CUMULATIVE HOME RANGE §IZE, USING
THE HARMONIC MEAN  AS A MEASUREMENT  OF THE FOCAL SITE
(DIXON & (HAPMAN 1980). WE CONSIDERED 'TEMPORARY
SETTLEMENT AREAY' TO BE THOSE AREAS THAT WERE MOST
INTENSIVELY USED BY THE YOUNG EAGLES, BECAUSE (ORE AREAS
FROM DIFFERENT EAGLES COULD OVERLAR, WE DEFINED 'TEMRO-
RARY SETTLEMENT AREAS' BY JOINING TOGETHER THE OUVTERMOST
FIXES OF COINCIDING CORE AREAS TO OBTAIN A FINAL POLYGON.
DURING TEMPORARY SETTLEMENTS JUVENILE EAGLES OCCUPIED
THESE AREAS WHICH WERE, IN TERMS OF PREY ABUNDANCE AND
HABITAT FEATURES, HIGHER YUALITY HABITAT PATCHES
(MANOSA IT AL 1998, FERRER & HARTE 1997, BALBONTIN
2005).

BONELLIS  EAGLES SHOWED THE SAME THREE TYRES OF
MOVEMENT BEHAVIOUR DESCRIBED EOR JUVENILE SPANISH
IMPERIAL EAGLES: EXPLORATORY MOVEMENTS, NATAL RETURNS
AND TEMPORARY SETTLEMENTS (FERRER 19934). WE (AL(CU-
IATED THE DISTANCE BETWEEN ROOSTING SITES (JROOST) AND
THE DISTANCE TO THE NATAL NEST (DNATAI) FOR EACH RADIO
(ONTACT FROM EACH RADIOTAGGED EAGLE, DISTANCE BETWEEN
ROOSTING SITES WAS DEFINED AS THE DISTANCE BETWEEN TWO
SUCCESSIVE RADIO CONTACTS OBTAINED IN THE EARLY MORNING
OR AT DUSK ON DIFFERENT DAYS, IN ORDER T0 BE SURE THAT THE
RADIO-LOCATED EAGLE HAD SPENT THE NIGHT AT A GIVEN

LOCATION. THEREFORE, FOLLOWING FERRERS (19934) (RITERIY,
ALL RADIO CONTACTS  WERE CLASSIFIED ACCORDING  TO THE
DISTANCE TO NATAL AREAS AND TO THE DISTANCE BETWEEN
ROOSTING §ITES A¥ FOLLOWS (I) 'EXPLORATORY MOVEMENTS'
WHEN THE DISTANCE BETWEEN ~ ROOSTING SITES WA GREATER
THAN 10 KM AND THE DISTAN(E FROM THE NATAL NEST WAS
GREATER THAY 20 KM; (2) 'TEMPORARY SETTLEMENTS, WHEN
THE DISTANCE BETWEEN ROOSTING SITES WAS LESS THAN 10 KM
AND THE DISTAN(E FROM THE NATAL NEST WAS OVER 20 KM;
AND (3) 'NATAL RETURNS', WHEN RADIO (ONTACTS WERE INSIDE A
POLYGON TUSED TO DEFINE THE BREEDING AREAS (FERRER
19934). TIME DEVOTED T0 PERFORMING  EXPLORATORY
FLIGHTS, TEMPORARY SETTLEMENTS AND NATAL RETURNS WAS
DEFINED AS THE PERCENTAGE OF RADIO CONTACTS (LASSIFIED ON A
PARTI(VLAR TYPE OF MOVEMENT PATTERN FROM THE TOTAL OF
RADIO CONTACTS OBTAINED FOR EACH INDIVIDUAL ~WE USED
RANGES V SOFTWARE (KENWARD & HODDER 1996) AND
ANIMAL MOVEMENT ANALYSIS, AN EXTENSION FOR ARCVIEW
(HOOGE & EICHENIAUB 1997), T0 ANALYSE SPATIAL AND
HOME RANGE DATA.

Statistical analysis

IN TOTAL 16 YOUNG BIRDS (SEVEN MALES AND NINE FEMALES)
WERE RADIOTRACKED (TABLE I). WE VSED LINEAR MIXED
EFFECTS (rmE) MODELS T0 INVESTIGATE THE EFFE(T OF AGE AND
§EX ON RANGING BEHAVIOUR (E6 TIME DEDICATED TO
PERFORM EXPLORATORY FLIGHTS, TEMPORARY SETTLEMENTS AND
NATAL RETVRNS) THE KEY FEATURE OF LONGITUDINAL DATA
I§ THAT INDIVIDUALS  ARE MEASURED  REPEATEDLY THROUGH
TIME, AND tme MODELS ARE PARTICVLARLY USEFVL WHEN THERE
I§ TEMPORAL PSEUDO-REPLICATION  (REPEATED MEASURE
MENT). WE USED 1M MODELS USING THE rmz PROCEDURE OF
§PLUS 2000 (MATHSOFT 1999) T0 INVESTIGATE THE EFFE(T
OF AGE AND SEX ON THE TIME DEDICATED TO PERFORM
EXPLORATORY FLIGHTS, TEMPORARY SETTIEMENTS AND NATAL
RETURN,

WE VUSED A BINOMIAL ERROR DISTRIBUTION WITH A LO6IT LINK
FUNCTION TO MODEL EXPLORATORY  FLIGHTS (NUMBER OF FIXES
(LASSIFIED A EXPLORATORY FLIGHTYTOTAL NUMBER OF FIXES),
TEMPORARY SETTLEMENTS (NUMBER OF FIXES CLASSIFIED AS
TEMPORARY SETTLEMENTS'TOTAL NUMBER  OF FIXES) AND NATAL
RETURNS (NUMBER OF FIXES CLASSIFIED 4§ NATAL
RETURNS/TOTAL NUMBER  OF FIXES) A§ RESPONSE  VARIABLES.
AGE WAS IEFINED AS A (ATEGORICAL VARIABLE HAVING NINE
IEVELS (FROM PARENTAL INDEPENDENCE TO 200 DAYS,
201-260, 261-320, 321-380, 381-440, 441-500,
501-560, 561-620, 621-680 DAYS).

BIRD IDENTITY WAS INTRODUCED AS A RANDOM FACTOR WITH
THE AIM OF ESTIMATING THE VARIATION ASSOCIATED WITH THIS
VARIABLE AND TO (ONTROL FOR TEMPORAL PSEUDO-REPLICA-



Table 1. Summary of radio locations, time monitored and causes of signal loss for 16 juvenile Bonelli's Eagles radiotagged in southern Spain.

ID Year  Sex Independence date Date signal lost Time monitored (days) Number of fixes Cause of signal loss
520 1998 F 15 September 2 February 2000 505 33 Recruited in natal area
540 1998 M 15 September 5 March 1999 171 7 Harness breaking

560 1998 M 1 August 10 December 1999 496 31 Unknown

600 1998 M 30 August 16 August 2000 717 42 End of study

640 1999 F 3 August 15 September 2000 409 43 End of study

660 1999 F 10 August 28 September 2000 415 39 End of study

680 1998 F 21 July 12 November 1999 114 12 Unknown

700 1999 M 28 August 18 July 2000 325 44 End study

760 1998 F 30 August 1 February 2000 520 33 Recruited in natal area
780 1998 F 24 August 14 August 2000 721 39 End of study

803 1998 F 26 July 24 January 1999 182 14 Unknown

840 1998 M 17 August 22 February 1999 189 6 Harness breaking

863 1998 M 23 August 6 January 2000 501 30 Death

882 1999 F 5 August 25 January 2000 173 11 Death

903 1999 F 2 October 28 February 1999 149 4 Harness breaking

960 1998 M 24 August 28 February 2000 553 38 End of study

TION. WE ALSO USED tmr MODELS T0 ASSESS THE EFFECTS OF RESULTS

AGE AND SEX ON THE DISTANCE BETWEEN TWO CONSECUTIVE
ROOSTING SITES (DROOST) AND THE DISTANCE T0 THE NATAL NEST
(DYEST) AS RESRONSE VARIABLES. THESE VARIABLES WERE
NORMALIZED AFTER SQUARE ~ ROOT TRANSEORMATIONS ALLOWING
THE SPECIFICATION OF 4 NORMAL ERROR DISTRIBUTION WITH AN
IDENTITY LINK FUNCTION IN THE rmx MODELS,

THE STATISTICAL SIGNIFICANCE OF EACH FIXED-EEFECT (AGE AND
§EX) AND POSSIBLE TWO-WAY INTERACTIONS BETWEEN THEM
WERE TESTED IN TURN USING 4 BACKWARD STEPWISE PRO- (EDURE
T0 SELECT THE MOST PARSIMONIOUS MODEL THEREFORE, WE
TINST INCLUDED FIRSTORDER MAIN FIXED EFFECTS AND THEIR
POSSIBLE  INTERACTIONS IN A SATURATED MODEL, WE THEN
REDVCED  IT BY ELIMINATING NON-SIGNIFICANT TERMS FROM THE
FIXED STRUCTURES (CRAWIEY  2002). IN THE CASE THAT THE
INTERACTION BETWEEN AGE AND SEX WAS SIGNIFICANT, THE MAIN
FIXED EFFECT WAS RETAINED IN THE MODELS. MOIELS WITH
DIFEERENT FIXED STRUCTURES WERE COMPARED USING AN F- TEST
AND AKAIKES  INFORMATION  CRITERION (axc) EOR THOSE
RESPONSE ~ VARIABLES WITH BINOMIALLY DISTRIBUTED ERROR
TERMS AND LIKELIHOOD RATIO TEST (xnx) FOR THOSE
VARIABLES WITH A NORMAL ERROR DISTRIBUTION (CRAWLEY
2002). THE FINAL MODEL WAS (ONSIDERED TO HAVE BEEN
REACHED WHEN ALL VARIABIES RETAINED IN THE MODEL HAD A
SIGNIFICANT EFEECT AT P < 0.05.

WE USED NON-PARAMETRIC STATISTI(S (MANN-WHITNEY U
TEST) T0 TEST FOR GENDER DIEFERENCES IN THE AGE AT
WHICH PARENTAL INDEPENDENCE AND THE AGE AT WHICH THE
TIRT SETTIEMENT OR FIRST NATAL RETURN OCCVRRED (SOKAL &
ROHLF 1998). ALL TESTY WERE TWO-TAILED AND STATISTICAL 816
NIFICANCE WAS SET AT P < 0.05. MEANS ARE GIVEN WITH
+ 18D,

Ontogeny of movement behaviour

THE JUVENILE EAGLES' FIRT DEPARTURE FROM THE NATAL AREA
OCCVRRED AT 148 + 15.9 DAYS OF AGE (MEAN DATE 7
AUGUST, RANGE 121169 DAYS OF AGE, N = 16). THERE W4§
NO GENDER DIFFERENCE IN THE AGE AT WHICH YOUNG EAGLES
TIRST DEPARTED FROM THE NATAL AREA (U= 19, N, = 9, N, =
7, P = 0.18; AGE AT HIST DEPARTURE, MALES = 150.8 + 11.9
DAYS OF AGE, FEMALES = 142.9 + 17.3 DAYS OF AGE) THE
MINIMAL ADEQUATE 1me MODEL FOR DISTANCE BETWEEN TWO
SUCCESSIVE ROOST SPOTS WAS STATISTI(ALLY STGNIFICANT (rer =
7.80, DIFFERENCE IN DF = 3, P = 0.05). IN GENERAL, §EX DID
NOT AFFECT THE DISTANCE EAGLES MOVED BETWEEN TWO
SUCCESSIVE  ROOSTS §20TS, MEAN (: §D) DISTANCE BETWEEN
TWO SUCCESSIVE ROOST §POTS WA§ 16.9 + 19.0 KM (RANGE
0.2-113.1 KM) IOk MALES AND 16.9 + 22.1 KM (RANGE
0-137.1 KM) FOR FEMALES, HOWEVER, THE REDUCED 1w
MODEL RETAINED A SIGNIFICANT INTERACTION BETWEEN AGE
AND SEX, MALES MOVED IVRTHER BETWEEN ROOST SITES THAN
FEMALES, BUT ONLY WHEN THEY WERE OLDER THAN 501
DAYS (LE. ABOUT SEPTEMBER IN THE SECOND CALENDAR
YEAR, JR0OST, MEAN + §D FOR MALES = 36.6 + 33.9 KM,
FEMALES = 7.3 + 8.5 KM) (TABLE 2, FIG. 14). THERE WAS
(ONSIDERABLE BETWEEN-INDIVIDUAL VARIATION IN DISTANCE
BETWEEN TWO SUCCESSIVE ROOST SROTS, WITH BIRD IDENTITY
ACCOUNTING FOR 23.97% OF THE TOTAL VARIANCE.

AN 1M MODEL FOR DISTANCE TO THE NATAL NEST SHOWED
NO EFFE(T OF AGE, SEX OR AN INTERACTION BETWEEN AGE AND
SEX (FVIL MODEL VERSUS NULL MODEL, tat = 1.54, DIFFERENCE
IN I = 3, P =0.67) (F16. IB). AVERAGE (: §D) DISTANCE
FROM THE NATAL NEST WAS 47.9 + 13.3 KM (RANGE 0.6-



Table 2. Linear mixed effects models (LmE) of distance between two
successive roosting spots (droost) as response variables.

Random effects

sd 95% CI

Individual identity 0.970 0.496-1.896

Residual 1.729 1.474-2.027
Fixed effects

Estimate se df F P
Intercept 1.643 1.598 1, 68 132.6 <0.0001
Age 0.396 0.244 1, 68 254 0.11
Sex 1.901 0.968 1, 14 0.43 0.52
Age x Sex -0.333 0.151 1, 68 4.86 0.03

Full models built with age, sex and interaction between age and sex
as explanatory variables.

88.0 KM) F0R MALES AND 48.8 + 17.8 KM (RANGE 0.6-
99.4 KM) F0R FEMALES, THERE WAS (ONSIDERABLE BETWEEN-
INDIVIDUAL VARIATION IN DISTANCE TO THE NATAL NEST, WITH
BIRD IDENTITY ACCOUNTING FOR 46.7% OF THE TOTAL
VARIANCE

Exploratory flights

TAKING INTO ACCOUNT ONLY THOSE RADIO CONTACTS (LASSIFIED
AS EXPLORATORY FLIGHTS, THE MEAN DISTANCE BETWEEN TWO

SUCCESSIVE  ROOST SROTY WAS 32.3 : 22.3 KM, AND MEAN
DISTANCE T0 THE NATAL NEST WAS§ 47.5 + 17.1 KM. THE FIML
LME MODEL EXPLAINED A SIGNIFICANT PART OF THE VARIATION
IN THE PERCENTAGE OF TIME EAGLES DEDICATED TO PERFORM' ING
EXPLORATORY FLIGHTS (L = 27.1, DIFFERENCE IN IF = 3, P <
0.0001). THI§ WAS DUE T0 THE SIGNIFICANT INTERACTION
BETWEEN AGE AND SEX IN EXPLAINING THE PERCENTAGE OF
TIME JUVENILE EAGLES DEDICATED T0 EXPLORING SURROUNDING
AREAS (TABLE 3). SPECIFICALLY, MALES DEDICATED MORE TIME
T0 PERFORMING EXPLORATORY FLIGHTS THAN FEMALES, BUT ONLY
WHEN THEY WERE OLDER THAN 501 DAYS (LE. ABOVT
SEPTEMBER, IURING THEIR SECOND CALENDAR YEAR, MEAN :
§D, MALES = 60.8 : 42.6%, FEMALES = 26.7 : 32.0%,
FI16. 24). THERE WAS CONSIDERABLE BETWEEN-INDIVIDUAL
VARIATION IN EXPLORATORY FLIGHTS, WITH BIRD IDENTITY
ACCOUNTING FOR 40.07% OF THE TOTAL VARIANCE.

Temporary settlements

FIRST TEMPORARY SETTLEMENTS OCCURRED WHEN  JUVENILES
WERE 245.6 : 86.0 DAYS OLD (LE. ABOUT NOVEMBER OR
DECEMBER  IN THE FIRT CALENDAR YEAR) THERE WERE NO
GENDER  DIFFERENCES 1IN THE AGE AT WHICH JUVENILES FIRST
SETTLED IN TEMPORARY SETTLEMENT AREAS ( UTEST = 27, P =
0.63, N, = 7, N, = 9, MALES = 231.4 + 711 DAY, FEMALES
= 257.9 + 98.7 DAYS). TAKING INTO ACCOUNT ONLY THOSE
RADIO CONTACTS CLASSIFIED AS TEMPORARY SETTLEMENTS,
AVERAGE DISTANCE TO THE NATAL NEST WAS 49.3 : 10.2 KM

Table 3. Linear mixed effects models (Lme) of exploratory flights (ES), temporary settlements (TS) and natal returns (NR) as response variables.

Random effects

ES TS NR
sd 95% CI sd 95% CI sd 95% CI
Individual identity 1.76 0.95-3.27 0.68 0.24-1.88 0.17 0.02-1.13
Residual 2.16 1.83-2.56 1.97 1.68-2.31 0.90 0.77-1.04
Fixed effects
Estimate se df F P

ES

Intercept —2.607 1.909 1, 69 42.1 <0.0001

Age 0.740 0.336 1, 69 1.20 0.27

Sex 3.532 1.171 1, 14 2.30 0.15

Age x Sex —-0.557 0.210 1, 69 7.01 0.01
TS

Intercept 1.620 0.489 1, 70 52.1 <0.0001

Age 0.152 0.086 , 70 3.08 0.08
NR

Intercept —0.060 0.197 1, 70 13.8 0.0001

Age 0.101 0.037 1, 70 7.23 0.008

Full models incorporated age, sex and interaction between age and sex as explanatory variables. Standard deviations (sd) of random effects

were estimated in a model without covariates.
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Figure 1. (a) Ontogeny of distances between two successive roost spots (droost, mean + se in km) and (b) distance to natal nests (dnest,
mean + sein km) for juvenile Bonelli's Eagles. First age-class included individuals from the age at first departure from natal territories (range
121-169 days, n = 16) to the age of 200 days. Filled circles and bold bars are males; open circles and grey bars are females.

AND  AVERAGE DISTANCE BETWEEN TWO SUCCESSIVE ROOST
SR0TS WAS 3.48 : 2,67 KM. THE FINAL v MOIDEL
INDICATED THAT ONLY AGE HAD AN EFFE(T ON THE TIME EAGLES
SPENT IN TEMPORARY SETTLEMENT AREAS (et = 2.79, DIFFER
ENCE IN DF = 1, P= 0.09). THERE WAS NO DIFFEREN(CE
BETWEEN MALES AND FEMALES IN THE PERCENTAGE OF TIME
JUVENILE EAGLES DEDICATED  TO STAYING IN TEMPORARY
SETTLEMENT AREAS, AND AGE ONLY SLIGHTLY ATFECTED THE TIME
EAGLES DEDICATED TO THIS ACTIVITY (TABLE 3, FIG. 2B).

THERE WAS SOME BETWEEN-INDIVIDUAL  VARIATION IN
TEMPORARY SETTLEMENT, WITH BIRD IDENTITY ACCOUNTING FOR
10.7% OF THE TOTAL VARTANCE.

JUVENILE EAGLES USED BETWEEN ONE AND THREE DIFFERENT
SETTLEMENT AREAS (MODE = 1), THE MEAN SIZE OF (ORE
AREAS WAS 1294.5 + 649.7 HA (N = I3 ESTIMATED (ORE
AREAS). TEMPORARY SETTIEMENT AREAS WERE ON AVERAGE
11.0 + 7.8 KM? (RANGE 1.3-21.6 KM?). IN OUR §TUDY 4REA
WE DETECTED SIX SETTLEMENT AREAS, FOVR IN CADIZ PROVINCE



100.0

—. B0.0 - §
o

T
—o—
—o—

Exploratory flights (%

1
F—o0——-
F—0—

—

20.0 ~

0.0
Ll L] 1 1 T L] L L L]
d-200 201-260 261-320 321-380 381-440 441-500 501-560 560-620 621-680
Age (days)
100.0 = ~’,
9
= 80.04
b2}
=
@€
1=
& 50.0
©
» '|_ T
% 40.0 = '|'
-
[s]
o
5 I I
& 200
§
0.0 =
L) ] L) T L) ] L) L] L)
d-200 201-260 261-320 321-380 381-440 441-500 501-560 560-620 621-680
Age (days)
C
30 0=
25.0=4
- -
5 20.0
w
£
= p— Q
T 150
-
© ®
0
= 100
L ]
50 "|”
i~ O @ O €4 © -'-I <> @ O

i 1 L] ] 1 ] L] 1 T
d-200 201-260 261-320 321-380 381-440 441-500 501-580 580-620 621-680
Age (days)

Figure 2. Percentage of time dedicated to (a) exploratory flights, (b) temporary settlements and (c) natal returns (mean + se) for different age-
classes. First age-class included individuals from the age at first departure from natal territories (range 121-169 days, n = 16) to the age of
200 days. Filled circles and bold bars are males; open circles and grey bars are females.
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Figure 3. Locations of the six temporary settlement areas used by
juvenile Bonelli's Eagles in southern spain: four in Céadiz Province
(CA-1to CA-4) and two in Seville Province (SE-1and SE-2).

AND TWO IN SEVILLE PROVINCE (FI6. 3). JUVENILE EAGLES
USED TEMPORARY OETTLEMENT AREAS DIFFERENTLY. SRECIFICALLY,
THE AREAS CA-3 AND SE-1 WERE USED BY ONLY ONE RADIO
TAGGED JUVENILE EAGLE (4 DIFFERENT ONE IN EACH AREA)
SE-2 WAS USED BY TWO JUVENILE EAGLES AND CA-1, CA-2,
CA-4 WIRE EACH USED BY FIVE RADIOTAGGED JUVENILE
FAGLES, OTHER NON-TAG6ED  JUVENILE BONELLIS EAGLES A§
WELL A§ JUVENILES BELONGING T0 OTHER LARGE EAGLE SPECIES
(SPANISH ~ IMPERIAL EAGLES, GOLDEN  EAGLES) WERE
OBSERVED FRESUENTLY IN THESE AREAS,

Natal returns

AN 1Mt MODEL INDICATED 4 SIGNIFICANT EFFECT OF AGE ON
THE PERCENTAGE  OF TIME DEDICATED  TO RETURNING TO NATAL
AREAS (rr = XI51.7, DIFRERENCE IN IF = 1, P < 0.0001).
FIRST NATAL RETURNS OCCVRRED  WHEN  JUVENILES WERE
BETWEEN 321 AND 380 DAYS 0ID (LE. JURING MARCH-APRIL
IN THE SECOND CALENDAR YEAR, FIG. 2C). THERE WAS LOW
BETWEEN'INDIVIDUAL VARIATION IN NATAL RETURNS, WITH BIRD
IDENTITY ACCOUNTING FOR ONLY 3.47 OF THE TOTAL VARIANCE
(TABIE 3). WE DID NOT FIND STATISTICAL DIFFERENCES
BETWEEN MALES AND FEMALES IN THE AGE AT FIRT NATAL
RETURY ( UTEST = 10, P = 1.00, N; = 5, N, = 4).

ONLY TW0 INDIVIDUALS WERE RECRUITED TO THE BREEDING
POPVLATION DURING THE STUDY PERIOD. FROM THE 16
JUVENILES RADIOTRACKED, TWO FEMALES MARKED IN 1998
WERE FOUND OCCURYING A BREEDING TERRITORY DURING THEIR
THIRD (ALENDAR YEAR. THE BIRDS WERE 4.4 KM AND 120.8
KM FROM THEIR NATAL NESTS, RESPECTIVELY.

DISCUSSION

IN THIS §TUDY, WE DETERMINED THE MOVEMENIS OF 16
JUVENILE BONELLIY EAGLES IN SOUTHERN SPAIN. WE DID NOT
DETECT GENDER DIFFERENCES IN THE AGE AT FIRT DEPARTURE FROM
NATAL AREAS, THE AGE AT THE FIRST TEMPORARY SETTLE- MENT, OR
THE AGE AT FIRST RETURN T0 NATAL AREAS EXPLORATORY
FLIGHTS TOOK PLACE DVRING THE WHOLE TRANSIENT PHASE OF
DISPERSAL, ALTERNATING WITH TEMPORARY SETTLEMENTS AND
WITH NATAL RETURNS, SPECIFICALLY, EXPLORATORY FLIGHT WAS
AY  IMPORTANT ACTIVITY DURING DISPERSAL UP TO THEIR
SECOND  CALENDAR YEAR, AND SETTLEMENTS IN TEMPORARY
AREAS OCCURRED AROUND NOVEMBER IN THE FIMT CALENDAR
TEAR. TIME DEDICATED TO EXPLORING SURROUNDING  AREAS
INCREASED AGAIN IN MALES BUT NOT FEMALES AFTERTHE AGE OF
501 DAYS, WHICH IS AROUND THE END OF THE SUMMER IN
THEIR SECOND CALENDAR YEAR.

AS§ HAY BEEN SHOWN IN OTHER BIRD SPECIES, MOVEMENTS
PERFORMED ~ BY JUVENILES DIEFER STRONGLY FROM TERRITORIAL
ADVLTS (FERRER 19934, FERRER & HARTE 1997, CADAHIA
IT A 2005, BALBONTIN 2004, SOUTVIL0 IT AL 2008).
MOVEMENT PATTERNS OF JUVENILE BONELLIS EAGLES WERE
SIMILARTO0 THOSE PERFORMED BY OTHER LARGE BIRDS OF PREY, SUCH
AS SPANISH  IMPERIAL EAGLES (FERRER 1993B) AND GOLDEN
FAGLES (SOUTULLO IT I 2006). IN GENERAL, WE FOUND
THAT 6ENDER DID NOT HAVE A STRONG EFFECT ON THE MOVEMENT
PATTERNS OF JUVENILE EAGLES. HOWEVER, EXPLORATORY
FLIGHT WAS SIGNIFICANTLY MORE FREQUENT IN MALES THAN IN
FEMALES AFTER THE AGE OF 501 DAYS, AT THAT AGE, EAGLES ARE
IN THEIR SECOND YEAR AND NEARING THE TIME OF MOVLTING TO
A SUBADVLT PLUMAGE STAGE, DURING WHICH BREEDING MAY
(OMMENCE  (BALBONTIN IT AL
2003). THEREFORE, THE INCREASE IN EXPLORATORY FLIGHTS
ONLY BY MALES DURING THE FINAL PERIOD OF THE TRANSIENT
PHASE (OULD BE ASSOCIATED WITH AN INCREASE IN THE TIME
DEDICATED T0 SEARCHING FOR VACANT BREEDING TERRITORIES OR
SEARCHING FOR POTENTIAL MATES WITHIY OR NEAR THE NATAL
AREAS. IN BIRDS, NATAL DISPERSAL I§ NORMALLY FEMALE-BIASED
(GREENWOOD 1980). If THE FREQUENCIES OF NATAL RETURNS
Ok EXPLORATORY  FLIGHTS INFLVENCE THE DISTANGE AT WHICH
JUVENILE EAGLES WILL BE RECRUITED INTO THE BREEDING
POPULATION, THEN THIS OUTCOME (OULD BE EXPECTED. FOR
EXAMPLE, IT AN INCREASE IN THESE ACTIVITIES (OVLD ALSO
INCREASE THE PROBABILITY OF FINDING A VACANT TERRITORY NEAR
THE NATAL AREA, THEN MALES WOULD MORE LIKELY RECRUIT
NEAR NATAL AREAS THAN FEMALES, HOWEVER, FURTHER STUDIES
OF THE RELATIONGHIP BETWEEN  MOVEMENT BEHAV- I0UR
DURING  DISPERSAL AND  NATAL DISPERSAL DISTANCE ARE
REQVIRED TO PROVIDE A BETTER UNDERSTANDING  OF THE
MECHANISMS GOVERNING NATAL DISPERSAL



THE INDIVIDUALS THAT SETTLED DURING THIS STUDY DID NOT
D0 §0 UNTIL THEY WERE APPROXIMATELY NINE MONTHS OLD.
INDEED, COMPETITION (INTER- OR INTRA-SPECIFIC) MIGHT
EXIST AMONG ~ JUVENILE EAGLES FOR TEMPORARY SETTLEMENT
AREAS, FERRER (19934) REPORTS THAT JUVENILE SPANISH
IMPERIAL EAGLES USED BETWEEN THREE AND EIGHT TEMPO-
RARY SETTIEMENT AREAS IN ROTATION FERRER (1993D) ALSO
OBSERVED THAT THE HUNTING SUCCESS RATIO DECREASED FROM
THE BEGINNING ~ OF SETTLEMENT T0 ABANDONMENT  DESPITE
INCREASED HUNTING EFFORT, A FINDING THAT IS INTERRRETED A8
INDICATING A DECLINE 1IN AND/OR DERLETION OF F00D
RESOURCES IN THE TEMPORARY SETTLEMENT AREAS. IN OUR
STUDY, SETTLEMENT AREAS WERE USED EVEN BY JUVENILE
EAGLES (OMING  FROM DISTANT PORVLATIONS (1000 KM,
ALUANTARA  IT 4L 2001, REAL & MANOSA 2001). THIS
SITUATION, IN WHICH A HIGH NUMBER OF LARGE EAGLES TRY T0
SETTLE IN A SUITABLE ARE4, MIGHT RESULT IN AN OVER
(ROWDING  EFFECT, THUS MAKING  IT MORE DIFFICVLT FOR AN
INDIVIDUAL TO SETTLE SUCCESSFULLY.

THE DISTANCE EAGLES DISPERSED FROM NEST SITES (LE.
AVERAGE DISTANCE 48.35 KM) WAS DIFFERENT IN THIS §TUDY
COMPARED T0 DISTANCES REPORTED IN OTHER STUDIES ON THE
SAME SPECIES (ALCANTARA IT AL 2001, REAL & MANOSA
2001, (ADAHIA IT 4L 2005). FOR INSTANCE, CADAHIA IT AL
(2005) FOUND, USING SATEILITE TRACKING TECHNOLOGY, THAT
THE DISTANCE OF DISPERSAL TO THE BREEDING AREA RANGED FROM
87 70 536 KM IN A SAMPLE OF I3 JUVENILE EAGLES FROM
EASTERN SPAIN. ON THE OTHER HAND, REAL & MANOSA
(2001)  REPORTED THAT 57% AND 33% OF RESIGHTED
BIRDS IN A WINGTAGGING STUDY (122 EAGLES WERE RING AND
WING'TAGGED) REMAINED WITHIN 100 KM AND
200 KM FROM THEIR NESTS, RESPECTIVELY. THE DIFFERENCES
IN DISTANCE TO THE NATAL NEST OF DISRERSING JUVENILES
FOUND AMONG THE THREE STUDIES (OULD BE DUE EITHER T0
METHODOLOGICAL FACTORS LINKED T0 THE S(ALE OF MEASURE-
MENTS,  OR TO TRUE DIFFERENCES AMONGST POPULATIONS.
SPECIFICALLY, SATELLITE TRACKING PROVIDES LARGER-NCALE DATA
THAN (ONVENTIONAL  RADIOTRACKING, WHICH IN TURN CAN
(OVER A 6REATER AREA THAN SIMPLE WING'TAG6GING METHODS,
AND THIS MAY EXPIAIN SOME OF THE DIFFERENCE AMONGST
THESE POPULATIONS/STUDIES. ALTHOU6H LONG-DISTANCE
MOVEMENT ~ WAS BIASED IN OVR §TUDY DIVE T0 THE METHOD
EMPLOYED, WE (ONTROLLED RADIOTAGGED EAGLES FOR MORE
THAN 807 OF THE TIME (LE THE MAJORITY OF THE TIME
AN EAGLE REMAINED WITHIN AN AVERAGE DISTANCE OF ABOUT
50 KM FROM THEIR NATAL AREAS) AND HENCE PROBABLY
THE DIFFERENCE FOUND AMONG THE SPANISH POPULATIONS
(OVLD BE ATTRIBUTEDTO DIFFERENCES AMONG PORULATIONS.

IN CONCLUSION, IT I (LEAR FROM THIS STUDY THAT DETAILED
INVESTIGATIONS OF RANGING BEHAVIOUR DURING THE TRANSIENT

PHASE OF DISPERSAL IN LONGLIVED SPECIES WITH DEFERRED
MATURATION CAN PROVIDE NEW INSIGHTS INTO IMPORTANT ECO-
L0GICAL AND BEHAVIOURAL SUESTIONS, SUCH AS THOSE RELATING
T0 THE EVOLUTION OF NATAL DISPERSAL IN NATURAL POPUVLATIONS.
FOR INSTANCE, THOSE ACTIVITIES ASSOCIATED WITH THE EAGLES'
MOVEMENTS, SUCH AS EXPLORATORY FLIGHTS, (OVLD  VARY
BETWEEN SEXES AT THE END OF THE TRANSIENT PHASE OF DI¢
PERSAL, WHEN INDIVIDUALS SHOULD START SEARCHING FOR MATES
OR VACANT BREEDING TERRITORIES. FURTHERMORE,  GATHERING
INFORMATION DURING THIS (RITI(AL LIFE'HISTORY PERIOD CAN
PROVIDE IMPORTANT INFORMATION FOR USE IN THE MANAGE
MENT OF ENDANGERED SPECIES SUCH AS BONELLI'S EAGLE.
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