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Food is one of the main factors influencing the breed- 
ing biology and population ecology of raptors (Newton 
1979). Several studies have documented numerical and 
functional responses in breeding populations resulting 
from changes in prey abundance (Korpim/iki and Norr- 
dahl 1991, Rohner 1996, Redpath and Thirgood 1999, 
Nielsen 1999). In generalist raptor species, individuals 
can respond to prey declines by remaining in nesting 
territories without reproducing (Southern 1970, Smith et 
al. 1981, Korpim/iki et al. 1990), shifting their diet com- 
position (Steenhof and Kochert 1988), or reducing their 
brood size (Vifiuela and Veiga 1992, Houston and 
Schmutz 1995, Steenhof et al. 1997). 

Rabbits (Oryctolagus cuniculus) are the main prey for 
many predators in European Mediterranean ecosystems 
•ncluding Eagle Owls (Bubo bubo) (Delibes and Hiraldo 
1981, Rogers et al. 1994), but how changes in rabbit pop- 
ulations affect the diet and reproductive success of pred- 
ators has been poorly studied (Vifiuela and Veiga 1992). 
In areas where rabbits are scarce, Eagle Owls have been 
reported to prey on small mammals, especially rodents 
(Donazar et al. 1989). 

Since 1988, a new viral disease, rabbit haemorrhagic 
disease (RHD), has affected rabbit populations in the 
Mediterranean area (Villafuerte et al. 1995). While the 
epizootic has been shown to affect the breeding success 
of Golden Eagles (Aquila chrysaetos) (Fernandez 1993) 
and red foxes (Vulpes vulpes) (Villafuerte et al. 1996), lit- 
tle information is available on its effects on Eagle Owls. 
In this paper, we present evidence for the effect of RHD 
on the diet and breeding success of Eagle Owls in south- 
eastern Spain. 

STUDY AREA AND METHODS 

Our study was conducted in a mountainous area (0- 
828 m) in the south of the Murcia Region (southeastern 
Spain) from 1987-91. The study area covered about 1300 
km 9 and was characterized by an arid and semiarid Med- 
iterranean climate (annual rainfall <350 ram). The Ea- 
gle Owl is fairly common in Murcia Region and the Ibe- 
rian Peninsula (Diaz et al. 1996, Sanchez-Zapata 1999). 
In southern Murcia, rabbit is its staple food, representing 
up to 50% of the prey items (Martinez et al. 1992). RHD 

was first recorded in the study area in autumn 1988 (Rog- 
ers et al. 1994), when it reduced the rabbit population 
by 75% (Erisa 1990, M.A. Sanchez pers. comm.). A sim- 
ilar mortality rate was also observed in the first outbreak 
of the disease in other localities of southern Spain (Pe•r6 
and Seva 1990). Since then, there have been no other 
detectable changes in land use or food supply in the area, 
although other factors such as overhunting may have 
contributed to the decline in rabbit numbers (Fernandez 
1993). RHD reappears annually, mainly during spring 
and winter, but these outbreaks have not caused as great 
a mortality as the initial outbreak in 1988 (Erisa 1990, 
Villafuerte et al. 1995). 

From 1987-91, we located occupied owl territories by 
searching for suitable owl nest sites, listening for elicited 
vocalizations using recorded calls, and listening to spon- 
taneous vocalizations. We considered a territory to be va- 
cant when no owls were sighted or heard, no occupied 
nests were located, or no fresh prey remains, pellets, or 
droppings were observed. When pairs were not recorded 
in traditional sites, we searched suitable breeding habitats 
within a radius of 3 km of the tradition site to exclude 

the possibility that they moved to a new breeding site To 
estimate the reproductive success of breeding pairs of 
owls, a minimum of three visits were made to each s•te 
to confirm egg-laying, successful reproduction, brood 
size at fiedging (fledglings/successful pair), and produc- 
tivity (number of young fledged/breeding pair). 

The dietary analysis of Eagle Owls was based on a sam- 
ple of 2026 prey items (1340 prey items before RHD and 
686 prey items after RHD). Pellet contents were idenm 
fled by macroscopic comparison with skeletal and skin 
reference collections. Prey remains and loose bones were 
omitted because they overestimate the occurrence of 
larger prey (Mersmann et al. 1992, Real 1996). We iden- 
tified and counted each prey item using the most fre- 
quently found bone or feather to calculate the minimun• 
number of individuals present (Olsson 1979). Pellets 
were obtained from nests after young fledged and from 
perch sites outside the breeding season. During the pe- 
riod December-March, no collections were made be- 

cause females were incubating. 
To compare yearly breeding parameters with the owl 

diet before and after the RHD outbreak, Kruskal-Walhs 
tests were used (Sokal and Rohlf 1969). We used a Chi- 
square test to assess differences in nest site occupancy 
before and after RHD. Statistical analyses were perfomed 
with STATISTIX (Analytical Software 1992). 
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Table 1. Annual changes in breeding success of the Eagle Owl beibre (1987-88) and after (1989-91) rabbit haem- 
orrhagic disease (RHD). 

VACANT LAYING SUCCESSFUL FLEDGING 

YEAR PAiRS TERRITORIES PAiRS PAiRS PRODUCTIVITY SUCCESS 

Before RHD 

1987 19 0 12 11 1.57 2.72 
1988 19 0 17 14 2.36 3.21 

Atter RHD 

1989 17 0 7 7 0.94 2.28 

1990 8 11 5 5 1.12 1.80 

1991 9 10 8 8 1.55 1.75 

RESULTS AND DISCUSSION 

After the RHD epidemic, both the brood size and 
young fledged per breeding pair decreased significantly 
(H = 0.5942, P = 0.0034 and H = 25.6471, P < 0.001, 
respectively) (Table 1). The number of laying pairs and 
the number of successful pairs after RHD did not show 
s•gnificant variation. Before the occurrence of RHD, all 
the Eagle Owl nesting territories were regularly occupied 
whereas, after RHD, there was a significant decrease in 
occupancy (X 2 = 18.74, P < 0.001). 

Rabbits were the main prey consumed by Eagle Owls 
during the overall period analyzed, but after the RHD 
outbreak, the proportion of rabbits in the diet decreased 
shghtly (from 55.97% to 53.64%) (Table 2). Also, the 
proportion of alternative prey (e.g., Rattus spp.) in the 
dmt before and after RHD did not differ significantly 
(from 15.75% to 24.49%). However, after RHD the pro- 

portion of pigeons (Columba spp.) and other mammals 
in the diet decreased significantly (H = 4.0102, P = 
0.0441 and H: 12.1708, P < 0.001, respectively). 

After the outbreak of RHD, rabbits remained the 

principal prey of Eagle Owls despite the crash in rabb•t 
densities and the fact that consumption of alternative 
prey species did not increase. Our findings differed 
from those of Fernfindez (1993) and Mafiosa (1994) 
who found dietary shifts following the decrease in the 
rabbit population caused by the viral haemorrhagic d•s- 
ease. The owls in our study may not have shown a func- 
tional response switching prey species because there was 
an increase in the availability of sick rabbits in spring 
and summer and/or alternative prey species were not 
available. Several authors have suggested that diseases 
such as RHD and myxomatosis facilitate the capture of 
rabbits by predators (Vifiuela and Veiga 1992, Fernfin- 

Table 2. Comparison of the diet of Eagle Owls before and after rabbit baemorrhagic disease (RHD). The number 
(N) and proportions (%) of prey found in pellets as well as the I•'uskal-Wallis statistic (/4) are indicated. 

BEFORE RHD AFTER RHD 

(1987-88) ( 1989-91 ) 

TAXON N % N % H 

Mammals 1078 80.4 592 86.3 

Rabbits 750 56.0 368 53.6 0.0494 (NS) 1 
Rats 211 1,5.7 168 24.5 2.4214 (NS) 
Small mammals 24 1.8 8 1.2 2.2171 (NS) 
Hedgehogs 79 5.9 47 6.8 3.1598 (NS) 
Other mammals 14 1.0 I 0.1 12.1708'** 

Birds 262 19.5 94 13.7 

Galliformes 41 3.1 17 2.5 0.6753 (NS) 
Columbidae 41 3.1 10 1.5 4.0102' 

Gorvidae 27 2.0 7 1.0 1.7138 (NS) 
B•rds of prey 40 3.0 19 2.8 0.5346 (NS) 
Other birds 113 8.4 41 6.0 1.8100 (NS) 
Total 1340 686 

• NS = not signiticant;* P < 0.05; *** P < 0.001. 
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dez 1993, Villafuerte et al. 1996, Villafuerte and Vifiuela 
1999). 

Nesting productivity decreased after RHD indicating 
that the crash in the rabbit population negatively af- 
fected the breeding success of Eagle Owls. Sharp de- 
clines in food resources during the breeding season 
have a marked negative influence on the breeding suc- 
cess of predators (Steenhof and Kochert 1988, Fern/tn- 
dez 1993, Villafuerte et al. 1996, Steenhof et al. 1997), 
especially if the predator cannot find alternative prey 
(KorpimSki et al. 1990). After RHD, the number of ter- 
ritorial pairs laying eggs and the number of laying pairs 
that were successful were lower indicating that the de- 
crease in rabbits negatively affected the fecundity of Ea- 
gle Owls. Several authors have suggested that rabbit 
availability detersnines the number of pairs of Eagle 
Owls that begin breeding (Olsson 1979, Mikkola 1983, 
Don/tzar 1990, Serrano 2001); nevertheless, it was clear 
from our findings that this species can still breed when 
its main prey decreases. However, we are unclear as to 
the minimum rabbit density which causes Eagle Owls to 
cease breeding. 

We found that the number of occupied nesting ter- 
ritories after RHD decreased by 50%, probably due to 
the virtual disapperance of rabbits. Our findings con- 
cuffed with previous studies that have found rabbit scar- 
city to have caused the extinction of Eagle Owls in Med- 
iterranean localities (Don/tzar and Ceballos 1984, 
Serrano 1998). Nevertheless, they contrasted with nu- 
merous other studies which found that most species of 
raptors remain on nesting territories but do not lay eggs 
during periods of low prey abundance (Southern 1970, 
Saurola 1989, Fernandez 1993, Steenhof et al. 1997). 
Because pairs can continue to occupy territories but not 
start breeding during periods of low prey density mak- 
ing their presence difficult to detect, we may have failed 
to locate some pairs that continued to occupy nesting 
territories after RHD. Consequently, our comments 
should be taken cautiously. 

RESOMEN.--Estudiamos el efecto de la neumonia virica 

del Conqjo (NHV) sobre la dieta y el 6xito reproductor 
en una poblaci6n de Bfiho Real (Bubo bubo) del sureste 
de Espafia. E1 conejo (Chyctolagus cuniculus) y las ratas 
(Rattus spp.) rueton las presas m•ts importantes en la die- 
ta. Despu6s de la neumonia hemorr•tgica del conejo, no 
se observaron cambios en el consreno de conejo y ratas. 
La proporci6n de conejo en la dieta del Bfiho Real no 
fue afectada pot el cambio de densidad de conejo, quizas 
debido a la mayor accesibilidad de los individuos enfer- 
mos durante la epizootia. La dr•tstica reducci6n de las 
poblaciones de conejo condujo a una fuerte disminuci6n 
de la productividad y la tasa de vuelo del Bfiho Real. E1 
nOmero de parejas reproductoras disminuy6 drastica- 
inente despu6s de la NHV, y la mayoria de las parejas no 
rueton detcctadas. Sospechamos qne este hecho pudiera 
estar relacionado con el abandono de las zonas de nidi- 

ficaci6n por parte del Bfiho Real, debido a la fuerte dis- 
minuci6n de la poblaci6n de conejo y a una simult/tnea 
escasez de presas alternativas. 
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