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ABSTRACT.--Little is known of the life history of vultures. The reintroduction program of 
Griffon Vultures (Gyps fulvus fulvus) in the Causses (south of the Massif Central, France) and 
extensive monitoring by capture-mark-resighting of the released birds allowed us to obtain 
the first estimates of their survival. Adult survival rates are high (œ = 0.987 + SE of 0.006). 
A release effect on adult survival was detected (only 0.743 + 0.006 survival during the first 
year after release). Young born in the wild (less than three years old) had an annual survival 
rate of 0.858 + 0.039. Mortality causes and erratic behavior of immature birds are considered 
in order to assess the effectiveness of this reintroduction program. Our results indicate that 
reintroductions of vultures and similar species should use adults that have bred in captivity 
within the target area rather than juveniles or immatures. Received 9 February 1993, accepted 
19 August 1993. 

OLD WORLD VULTURES such as Griffon Vultures 

(Gyps fulvus fulvus) are long-lived birds that are 
highly sensitive to environmental changes 
(Houston 1987). Being exclusively scavengers, 
they depend on the availability of large car- 
casses. Loss of this food resource and direct per- 
secution of birds by hunting and indirect poi- 
soning led to the decline of southern European 
vulture populations over the last few hundred 
years (Houston 1982). Griffon Vultures in the 
Causses (south of the Massif Central, France) 
were extirpated in 1945 (Berthet 1946). In 1968, 
a successful reintroduction project was insti- 
gated and more than 100 Griffon Vultures now 
occupy the Causses colony composed of both 
captive-bred birds and their wild-born off- 
spring (Bonnet et al. 1990, Terrasse 1990). We 
report on two aspects of the recently established 
population. 

Our first aim was to gain a better understand- 
ing of the biology and especially of the de- 
mographic parameters of this poorly studied 
species (Donazar 1987, Elosegui 1989). In par- 
ticular, survival is the demographic parameter 
to which population growth is most sensitive 
for such long-lived animals (Lebreton and 
Clobert 1991). Few survival estimates have been 
made because they require long-term studies 
and extensive field observation; only recently 

have suitable adapted and standardized analy- 
sis methods been available to achieve such es- 

timates (for review, see Pollock 1991, Lebreton 
et al. 1992, Nichols 1992). Crude estimates of 
survival have been made for only one Gyps spe- 
cies, the Cape Vulture (G. coprotheres; Piper et 
al. 1981, Robertson 1984). In our study, we mon- 
itored every individual in the population from 
1981 to 1991 and used these data to calculate 

survival rates. Our second objective was to com- 
pare survival rates of wild-born and released 
captive birds to evaluate techniques for the re- 
introduction program. Overall, our purpose was 
to use capture-resighting data to model and 
compare survival estimates in three categories 
of individuals of this population: (1) wild-born 
individuals, (2) birds released as adults, (3) birds 
released as immatures. 

Initially, we analyzed our three data sets sep- 
arately. First, the wild-born individuals were 
studied since they were not likely to be affected 
by any reintroduction effect. These results were 
then compared with the survival estimates for 
released adults in order to test the release effect. 

We then estimated the survival rates of birds 

released as young. Finally, the three classes were 
grouped together to compare parameters of the 
different data sets and to obtain the best-pos- 
sible estimates. 
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Fig. 1. Number of marked Griffon Vultures en- 
tering Causses population per year. Numbers of year- 
ly released birds differ from those given by Bonnet 
et aL (1990) and Terrasse (1990) because vultures re- 
leased after mid-November were considered here as 

released during following year. One bird escaped from 
aviary in 1980 and came back three years later. The 
17 individuals born in 1991 were not taken into ac- 

count in survival analyses. 

METHODS 

Reintroduction and management technique.--The study 
area covers all the Grands Causses of south-central 

France where the Tarn, Jonte, and Dourbie rivers flow 
into deep canyons. The release site was located on 
the southern rim of the Causse M(•jean (44ø12'N, 
3ø15'E), where aviaries for captive breeding were built 
at the top of a cliff overlooking the gorges of the Jonte 
River. In 1970, a first attempt to release four juveniles 
failed because the young birds rapidly left the area. 
A stock of captive adults was then acquired with the 
intention of establishing breeding pairs in the avi- 
aries (Bonnet et al. 1990, Terrasse 1990). The release 
of these adults began in December 1981 and was car- 
ried on with younger birds until 1986 (Fig. 1). During 
these five years, 61 Griffon Vultures were released 
(one banded and two unbanded birds escaped un- 
intentionally in 1980 and 1985, respectively). Food 
resources in the area mainly consisted of sheep and 
cattle carcasses resulting from natural mortality. In 
addition, there was an active education program for 
local farmers and hunters, sites for supplementary 
feeding were established, nest cliffs were protected 
from climbers, and power lines were converted to 
prevent birds being electrocuted (Bonnet et al. 1990, 
Terrasse 1990). 

Monitoring.--We conducted detailed monitoring of 
the population. Each marked individual wore a metal 
band on one tarsus and an identification system on 
the other. This system changed during the monitor- 
ing period. The first birds to be released were equipped 
with a combination of two plastic color bands. Be- 
cause of the loss of some of these bands, engraved 
DARVIC white bands were used from 1988. However, 

problems of legibility from distances over 300 m led 
us to use a code of more resistant four-layer DARVIC 
color bands. Banding occurred on different occasions: 
(1) before release (n = 59); (2) at nest for wild-born 
chicks when 60 to 80 days old (n = 59); (3) at nest for 
tame adults (n = 3); (4) during recapture sessions to 
compensate for band losses or to change the identi- 
fication system (in 1988 n = 29; in 1991 n = 31). Ob- 
servations were essentially made by three people. Birds 
were observed with a 20-60x telescope year-round 
to obtain information on their overall activities 

(breeding, feeding, etc.). All resightings were entered 
into a dbase III+ database, and individual capture- 
resighting histories were constructed from the ob- 
servations made during the breeding period (between 
1 January and 30 September of each year). 

Analyses.--Although banding recoveries have been 
used to estimate survival of the Cape Vulture (Hous- 
ton 1974, Piper et al. 1981, Piper 1990), we did not 
use them because of their limited importance in the 
context of our study (Lakhani and Newton 1983, An- 
derson et al. 1985, Lebreton 1985 unpubl. report). As 
our population was considered to be an open popu- 
lation (Pollock et al. 1990, Pollock 1991, Nichols 1992), 
survival and resighting rates (respectively noted ß 
and P) were computed with capture resightings mod- 
els (Clobert et al. 1985, Clobert et aL 1987, Lebreton 
et aL 1992). Models combining survival and resight- 
ing parameters were noted models ß P. These param- 
eters were estimated using SURGE 4 (Pradel and Le- 
breton 1991, Lebreton et al. 1992), a program that 
allows use of user defined models. The constancy of 
ß and P, as well as the effects of release (r), age (a), 
and time (t) on • and P, could be tested as in standard 
analysis of variance or of covariance. Models with 
interactions (a + t + a,t) were noted a,t, whereas 
models without interactions were noted a + t (see 
Table 1 for model notations). Details of models struc- 
ture are available in Pradel et al. (1990), Pradel and 
Lebreton (1991), Lebreton et al. (1992). 

Because we were led to consider numerous models, 

we used Akaike's procedure, which allows compari- 
son of non-necessarily nested models. This new sta- 
tistical method is recommended in multivariate anal- 

ysis (Lebreton et al. 1992). It gives a penalty to models 
with too many parameters. Thus, it is useful to retain 
the most-parsimonious models. The lower the Akaike's 
information criterion value (AIC), the more appro- 
priate is the model for the data. The similarity of ß 
and P parameters across groups and the dependence 
of these parameters on capture-resighting history were 
tested with TEST1 and TEST3, respectively, of the 
computer program RELEASE (Burnham et al. 1987, 
Lebreton et al. 1992). Because Griffon Vultures are 
monomorphic (Newton 1979, Fry 1983, Elosegui 1989), 
sex was not taken into account in our analyses. 

Some Griffon Vultures sCarted to breed when they 
were four years old, so we considered birds to be 
adults from that age onwards. These age classes cor- 
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T^!•I•E 1. Number of parameters (np) and Akaike's information criterion values (AIC) for different models 
of survival (•b) and resighting (P) parameters tested on capture-resighting histories of wild-born individuals. 
Letters indicate the effect: (a) age; (c) constant over time; (t) time (i.e. one parameter per year). Subscript 
numbers correspond to range of different age classes described in models (e.g. •b[a3.6] is model of survival 
rate with two age classes three and six years long, respectively). When no subscript included, each age is 
fully identified. The lower the AIC value, the more appropriate is the model for the data. Selected model 
for •b and P parameters is in bold. 

Survival Resighting model (P) models 

(•) C t t/laa. 6 t/xa.7 a•.8 aze t/3.6 a•.5 t/3.6*t a3.6 + t az, + t 

c np 2 10 5 4 3 3 3 3 16 11 11 
AIC 248.58 248.03 251.46 250.07 250.30 248.28 248.03 249.95 248.91 246.56 247.74 

t np 10 17 13 12 11 11 11 11 23 18 18 
AIC 258.98 257.20 261.33 259.85 260.81 258.34 258.34 260.01 258.70 256.07 251.06 

a np 10 18 13 12 11 11 11 11 24 19 19 
AIC 258.98 257.86 263.00 261.13 260.25 259.14 259.58 260.66 261.10 258.05 258.69 

ai.x•.6 np 5 13 8 7 6 6 6 6 19 14 14 
AIC 249.22 247.86 254.01 252.01 250.71 250.02 250.58 251.22 253.08 248.71 248.69 

a•.•.7 np 4 12 7 6 5 5 5 5 18 13 13 
AIC 248.20 246.91 252.77 250.96 249.60 248.96 249.12 250.16 251.10 247.32 247.77 

a•.8 np 3 11 6 5 4 4 4 4 17 12 12 
AIC 250.13 249.47 253.37 252.00 252.07 250.27 249.95 265.68 250.82 248.37 249.64 

a2.7 np 3 11 6 5 4 4 4 4 17 12 12 
AIC 246.23 245.53 251.64 249.91 248.73 248.00 247.88 248.80 249.60 246.02 246.71 

a•.• np 3 11 6 5 4 4 4 4 17 12 12 
AIC 246.11 245.04 264.75 248.75 248.01 246.94 247.49 248.11 249.89 245.66 245.72 

a4.5 np 3 11 6 5 4 4 4 4 17 12 12 
AIC 248.20 247.09 252.08 250.29 250.02 248.50 248.67 250.11 249.23 246.25 247.25 

responded to the calendar year, except the first one, 
which was shorter (from fledging in July and August 
to 31 December of the same year, as in Houston 1974). 
All wild-born individuals were banded as nestlings. 
Therefore, their age was known precisely and cohorts 
included only birds of the same age. Other vultures 
that were born in our aviary were also aged precisely. 
This was not the case for some captive birds of un- 
known origin. A minimal age for such individuals 
was estimated from plumage characteristics. We rec- 
ognized five age classes (zero, one, two, three, and 
four or more years old). Cohorts of released birds 
were constituted of birds released at the same time, 

but probably not born in the same year. 

RESULTS 

Group splitting.--The first successful repro- 
duction in the wild occurred in 1982 (Fig. 1). 
By 1990, 60 Griffon Vultures had been born in 
the wild (59 of whom were marked); these were 
in addition to the 59 marked birds that had been 

released. Therefore, 118 individual histories 

were analyzed. 
TEST1 showed significant differences be- 

tween capture-resighting histories of wild-born 
and released birds (TEST1 = 67.38, df = 14, P 
= 0.0001). Similarly, there was significant het- 

erogeneity in the histories of birds released as 
adults and birds released as young (TEST1 = 
27.01, df = 9, P = 0.0014). Thus, capture-resight- 
ing histories of individuals depended on their 
origin and these three groups were studied sep- 
arately. 

Model selection for wild-born individuals.--This 
group contained 59 individuals whose capture- 
resighting histories stretched over nine cohorts 
(1982-1990; Fig. 1). TEST3 did not reveal any 
heterogeneity among individual capture-re- 
sighting histories (TEST3 = 5,946, df = 9, P = 
0.745). 

We tested for constancy and for age and/or 
time effect in both survival and capture rate. 
For the age effect on survival rate, different age 
classes were evaluated, looking for maximal 
parsimony of parameters. In the same way, we 
tested an age effect and a time effect on the 
different age classes on resightings rates. Mod- 
els with interactions (Pa-t) and without inter- 
action (Pa + t) were evaluated. Table 1 de- 
scribes the models and their AIC values. 

The model [•a3.6, Pt] was accepted (AIC = 
245.04, number of parameters np = 11), al- 
though closest models had similar AIC values 
(Table 1). Therefore, the resighting rate de- 
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TASLE 2. Number of parameters (np) and Akaike's 
information criterion (AIC) values for different 
models ß P tested on capture-resighting histories 
of birds released as adults (see text and Table 1 for 
notations). The lower the AIC value, the more ap- 
propriate is the model for the data. Selected model 
for ß and P parameters is in bold. 

Survival Resighting model (P) model 

(•) r t c 

t np 22 21 12 
AIC 174.06 153.96 165.58 

c np 12 12 2 
AIC 181.36 163.55 173.02 

r np 21 22 12 
AIC 167.43 151.17 160.97 

•ao np 13 13 3 
AIC 156.16 137.56 147.83 

r•.19 np 14 14 4 
AIC 156.80 138.43 148.46 

r2.9 np 13 13 3 
AIC 161.31 143.56 152.93 

pended on time and the survival rate ß only 
depended on age (i.e. ß was constant from zero 
to three years old and constant over the follow- 
ing ages). Parameter values will be discussed 
after the last analysis with the three groups to- 
gether. 

Model selection for birds released as adults.--We 
released 39 adult Griffon Vultures from 1980 to 

1985 (Fig. 1). TEST3 revealed heterogeneity in 
capture-resighting histories (TEST3 = 9.33, df 
= 3, P = 0.009). Nevertheless, because this test 
compares, for each resighting occasion, the cap- 
ture-resighting histories of birds never seen be- 
fore and those of birds seen before this occasion 

(according to a Jolly-Seber time effect; Burnham 
et al. 1987), a strong age effect could cause this 
apparent heterogeneity. Unfortunately, the 
small number of individuals prevented us from 
making a batch-by-batch analysis (Burnham et 
al. 1987). 

As these birds were released when at least 

four years old, their survival should have been 
constant according to the model for wild-born 
individuals. Cohorts contained birds of differ- 

ent ages so it was not possible to test any age 
effect. However, the release effect was estimated 
using models that described an "age-since-re- 
lease" effect (•r). Different types of delayed ef- 
fect were tested (Table 2). 

The selected model was [•r•.•0, Pt] (AIC = 
137.56, np = 13). Thus, there was a time effect 

TABLE 3. Number of parameters and Akaike's infor- 
mation criterion values for different models ß P 

tested on capture-resighting histories of birds re- 
leased as iramatures (see text and Table 1 for no- 
tations). The lower the AIC value, the more appro- 
priate is the model for the data. Selected model for 
ß and P parameters is in bold. 

Survival 
model 

(•) 

Resighting model (P) 

c t a2.6+ t 

c np 2 9 10 
AIC 998.92 858.66 768.19 

t np 9 15 16 
AIC 854.71 737.21 653.04 

r•.6 np 4 11 12 
AIC 906.97 777.58 690.13 

r2.6 np 3 10 11 
AIC 905.98 779.58 698.65 

r•7 np 3 10 11 
AIC 973.46 844.19 762.46 

ß • np 10 17 18 
AIC 828.94 712.83 642.14 

ß • np 7 14 15 
AIC 852.68 731.87 648.16 

ß • np 6 13 14 
AIC 928.81 802.99 725.57 

• Age since release and time effect on first two years followed by 
constant survival. 

• Time effect on first two years followed by a constant survival. 
½ Time effect on first year followed by a constant survival. 

on resighting rate. Moreover, survival rate was 
different during the first year after release. 

Model selection for birds released as immatures.• 
From 1983 to 1986, 20 Griffon Vultures were 

released when less than four years old (Fig. 1). 
According to the survival estimates for the two 
previous groups, the survival rate of these birds 
released as young should have been subject to 
a release and age effect. However, because of 
the low number of birds of each age class re- 
leased, we could not define a group for each 
age class and we used only one group. Hetero- 
geneity should have been important in this data 
set, although it was not detected by TEST3 
(TEST3 = 9.365 df = 5, P = 0.095). The models 
with release effect (•r) should be considered as 
rough approximations because they described 
histories of birds released at different ages (e.g. 
when fledgling or when two years old). Ac- 
cording to the models tested for wild-born vul- 
tures, the hypothesis of difference in resighting 
rates during immaturity and maturity (Pa•.• + 
t) was tested (see Table 3 for tested models and 
AIC values). 

The model [•, Paz• + t] (Table 3) was selected 
(AIC = 642.14, np= 18). In resighting rate, a 
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Fig. 2. Increase of survival rates (wisker indicates 
SE) with time in released adults (full bars) and wild- 
born birds (open bars). Released adults can breed im- 
mediately, whereas fledglings cannot breed before 
four years of age. 

time effect with a parallelism over two "age" 
classes (the first two years following release and 
the rest of life) was detected. Survival rate de- 
pended on the interaction of time and "age since 
release" during the first two years following 
release and was constant over age and time 
thereafter. This result was due to the impossi- 
bility of selecting a more-parsimonious model, 
probably because of the influence of age at re- 
lease. 

Model selection for the three data sets.--To de- 
velop the most-parsimonious model, the three 
previous groups were studied together. Four 
models were compared. Model A was the sum 
of the three previously accepted models with- 
out parameter equality between groups (AIC = 
479.23, np = 42). Model B was the same model 
with equality of adult resighting rates of re- 
leased birds (released adults and released ira- 
matures after the first two years following re- 
leases; AIC = 470.18, np = 26). Model C equalized 
wild-born birds resighting rates and those es- 
timated during the first two years after releases 
of immatures, with a parallelism over time with 
adult resighting rates of released birds (AIC = 
455.80, np = 25). Finally, model D that equalized 
adult survival rates over the three groups was 
accepted (AIC = 452.88, np = 23) and gave the 
final estimates of resighting and survival pa- 
rameters. 

Survival and resighting rates.--The values ob- 
tained were exceptionally high, particularly for 
adult survival (0.987 with 95% asymmetric con- 
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Fig. 3. Annual resighting rates (wisker indicates 
SE) of Griffon Vultures according to their origin: re- 
leased adults and released immatures after the first 

two years following releases (dark bars); wild-born 
birds and released immatures during the first two 
years following releases (light bars). 

fidence interval [CI] = 0.965-0.995; Fig. 2). An- 
nual survival was lower during the first three 
years of life for wild-born individuals (0.858, 
CI = 0.761-0.919). The effect of release on adult 
survival rates was strong during the first year 
after release (adult survival rate after release is 
0.743, CI = 0.594-0.851). In the same way, an- 
nual survival rates of released immatures varied 

during the first two years following releases 
and had a mean value of 0.755. 

Resighting rates changed over time, but were 
the same for adults of released birds and gen- 
erally were significantly lower for wild-born 
birds and released immatures during the two 
first years following releases (Fig. 3). Before 1986, 
high observation pressure on a small number 
of individual explains that resighting rates reach 
1.0. 

Causes of mortality and removal from popula- 
tion.--From 1981 to 1991, 27 marked Griffon 

Vultures were recovered dead (n = 18) or de- 
liberately removed (n = 9; Table 4). Electrocu- 
tion was the most important known cause of 
mortality. From December 1981 to May 1992, 
10 banded and 1 unbanded juvenile and im- 
mature Griffon Vultures (unknown origin) were 
killed in the Grands Causses. Most of these birds 

were found electrocuted at the bottom of trans- 

former pylons. In the Grands Causses, no case 
of shooting or poisoning has been proved since 
the beginning of the reintroduction program. 
However, 1 of 17 fledglings born in 1991 was 
found poisoned in Senegal (Kaffrine depart- 
ment, 14øN, 16øW) in February 1992. This re- 
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T^I•I,E 4. Summary of deaths and reasons why birds were deliberately removed from wild from 1981 to 1991. 
Sample size (n) indicates initial number of birds. 

No. immatures No. adults 

Released Wild-born Released Wild-born 

(n = 20) (n = 59) (n = 39) (n = 25) Total 

Death 

Electrocution 3 7 2 0 12 
Exhaustion 0 1 1 0 2 
Unknown 1 2 1 0 4 

Removal 

Exhaustion 0 0 4 0 4 
Starvation 0 4 0 0 4 

Injury 0 0 1 0 1 
Total 4 14 9 0 27 

covery gives evidence of long-distance migra- 
tion and the risks run by Griffon Vultures 
outside our study locality. 

Human intervention to help birds in diffi- 
culties often occurred just after releases and af- 
ter fledging each year. The large number of 
birdwatchers in the area during the summer 
increases the chance that fledging birds that get 
into difficulties along roads or rivers can be re- 
captured, fed, and released. However, this effort 
only led to saving 2 released adults of 11 re- 
captured birds, and no wild-born fledgling, so 
it did not have any artificial effect on the sur- 
vival estimates. 

DISCUSSION 

Methodological aspects.--The present method 
of sampling data violated two of the five main 
assumptions of the capture-recapture models in 
open populations (Lebreton 1985 unpubl. re- 
port, Clobert et al. 1987, Pollock 1991, Lebreton 
et al. 1992, Nichols 1992): (1) existence of band 
losses; (2) relatively long duration of the sam- 
pling period (nine months) in comparison to 
the intersampling period (three months). How- 
ever, different elements allowed us to give ro- 
bustness to our results. 

Some plastic identification bands were lost, 
but none of the metal bands were. Five of the 

birds that lost plastic identification were iden- 
tified when recaptured. This could have in- 
duced some heterogeneity, although moderate 
heterogeneity in capture rates has little effect 
on survival estimates (Nichols et al. 1982, Clob- 
ert et al. 1993). Moreover, as resighting rates 
were higher than 0.5, except in 1987 (Fig. 3), 

the bias on survival estimates arising from un- 
equal resighting probabilities of individuals 
could be neglected (Carothers 1973). However, 
ignoring definitive tag loss (i.e. loss of both 
plastic and metal bands, or loss of plastic bands 
only, if individuals are not recaptured during 
the study period) can entail a severe underes- 
timate of survival rates (Kremers 1988). Nev- 
ertheless, because of their high values, survival 
estimates were obviously not affected in a sub- 
stantial way by band loss in our study. 

Also, we cannot consider that the duration of 
sampling periods was instantaneous, because it 
was three times longer than the interperiod, 
and mortality and emigration could have oc- 
curred during this time. For example, most of 
the removals or observed death of released 

adults occurred less than two months after re- 

lease. Thus, the temporal location of mortality 
had no biological significance according to the 
intersampling period. Since most of annual first 
resightings of individuals (89.46% _+ SE of 1.26) 
were made during the first half of the sampling 
period, we assumed that the short duration of 
the intersampling period did not change the 
statistical background of this study, but only 
caused us to moderate the interpretation of our 
results. 

Finally, the time effect on resighting rates 
was due essentially to variations in observation 
activity. It has declined after 1984 because the 
main observer began to spend time collecting 
carcasses. The lower values of resighting rates 
in wild-born birds and released immatures dur- 

ing the first two years following releases could 
have different methodological or biological 
causes (see below). Resighting pressure could 
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have been higher on adult breeders because of 
the intensive monitoring of nests. Nonbreeders 
were occasionally resighted at roost or feeding 
places in the proximity of nesting cliffs, but 
were not subject to the intensive observations 
of the breeding birds. 

Biological aspects.--Overall, the survival rates 
observed in this study are high. Our estimate 
of adult survival rate from one year after release 
onwards, or after three years for wild-born birds 
(0.987, CI = 0.965-0.995), is higher than those 
obtained by Piper et al. (1981 ) for Cape Vultures 
using banding recoveries. High adult survival 
is confirmed by the absence of any recoveries 
of dead adults among wild-born birds (Table 4). 

Different biological factors can explain this 
very high adult survival rate in the Griffon Vul- 
tures. First, high survival rate can be related to 
the other life-history characteristics of this spe- 
cies, which produces a maximum of one off- 
spring per year after the four to five years need- 
ed to reach maturity (Simmons 1986). Our 
estimates are similar to those obtained by cap- 
ture-recapture methods in other large soaring 
birds that forage extensively for spatiotempo- 
rally unpredictable resources: Wandering Al- 
batrosses (Diomedea exulans; mean adult survival 
0.968); and Light-mantled Albatrosses (Phoebe- 
tria palpebrata; 0.973; Weimerskirch et al. 1987). 
Second, adult breeding birds are not known to 
have dispersed once they start reproduction and 
breeding dispersal has not been described in 
other Gyps species. Therefore, emigration could 
not affect adult survival estimates. Third, Grif- 

fon Vultures have no predators or competitors 
in this study region, and their low density min- 
imizes intraspecific competition. Furthermore, 
the number of sheep carcasses constituting the 
main food resource was substantial and could 

support a population of about 300 Griffon Vul- 
tures in summer and 1,200 in winter (Briquet 
1987). Finally, the life span of the Griffon Vul- 
ture (37 years in captivity; Newton 1979) ex- 
ceeds the total duration of this study. Thus, no 
senescence is to be expected. However, it is like- 
ly that such survival rates are not peculiar to 
our population. Long-lived species are extreme- 
ly sensitive to small variations in survival rates 
(Lebreton and Clobert 1991). Thus, the rapid 
increase in Spanish Griffon Vulture populations 
(Donazar 1987, Donazar and Fernandez 1990) 
may be due to a slight increase in survival rates 
reaching values similar to those reported here. 

The effect of release on adult survival in the 

first year could be due to some consequences of 
captivity: the energetic cost of learning to fly; 
the necessity to learn how to feed; and behav- 
ioral problems for the most imprinted birds (Ta- 
ble 4). However, the birds that successfully 
withstood this period had no more problems, 
as shown by the steep increase in their survival 
rate. 

The annual survival rate of wild-born birds 

is significantly lower during the first three years 
of life (0.858 + 0.039 vs. 0.987 + 0.006), which 
includes the period up until one year before the 
earliest first breeding (Fig. 2). This age effect 
observed on survival rates of wild-born birds 

can have various explanations concerning post- 
fledging dependence period and natal dispers- 
al. 

In fact, the period of learning to fly following 
fledging seems to be a critical period for a Grif- 
fon Vulture. Despite the observations of two 
fledglings feeding on sheep carcasses a few days 
after fledging, juveniles still depend on adult 
feeding for several weeks after fledging, as in 
Cape Vultures (Robertson 1985). Perhaps com- 
petition with adults at feeding sites prevents 
them obtaining sufficient food. In the Causses, 
juvenile Griffon Vultures were fed at the nest 
by their parents up to 90 days after fledging. 
Newly fledged Griffon Vultures often use flap- 
ping flight, which is of high energetic cost for 
these soaring birds (Pennycuick 1972). Fur- 
thermore, some juveniles face considerable dif- 
ficulties returning to the nest after their first 
flight. Intraspecific competition at feeding sites 
and inefficient flight probably leads some new- 
ly fledged Griffon Vultures to exhaustion (Table 
4). As only a small number of fledglings was 
released (n = 4), we could not estimate the im- 
pact of release on their survival. 

Some unbanded immature Griffon Vultures 

immigrated to our colony (two unbanded birds 
were captured in 1988 and, during the study 
period, five to nine unbanded birds were seen; 
one of them bred in 1990 and 1991). Thus, al- 
though no bird born in the Causses was re- 
corded in the nearest Griffon Vulture colonies 

in Spain or in the Pyrenees, they may belong 
to the same metapopulation. Natal dispersal fa- 
voring gene flow between populations (for re- 
view, see Johnson and Gaines 1990) could occur 
in this population. The erratic behavior of im- 
matures that came back some years later to the 
colony may be responsible for the lower re- 
sighting rates of wild-born birds (Fig. 3). Erratic 
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behavior of young birds has been shown to take 
them to North and West Africa in autumn (Elo- 
segui 1989, Berthold et al. 1991). The juvenile 
recovered in Senegal shows that birds born in 
the Causses have restored this migration pat- 
tern. However, we could not detect any effect 
of age on resighting rates of wild-born birds 
despite the fact that the model [45a3.6, Pa•.6 + t] 
was very close to the selected one [45a3.6, P,] (Ta- 
ble 1). This could be due to variations in the 
age at first breeding together with few tem- 
porary band losses in wild-born adults. 

Nevertheless, the juvenile survival rate esti- 
mated in the Causses is much higher than that 
estimated by Piper et al. (1981), or by Robertson 
(1984) for the Cape Vulture. Even though the 
methods used by these authors had many biases 
that could explain such a discrepancy, the im- 
mature survival rate observed in the Causses is 

probably higher than in other populations. Both 
an increase of the population density and a de- 
crease of human effort to make resources pre- 
dictable in the future are likely to affect im- 
mature survival rates. This encourages us to 
study natural populations in order to discrim- 
inate between intrinsic characteristics of sur- 

vival rates and those due to the management 
of reintroduced Griffon Vulture populations. 

Conservation aspects.--The reintroduction 
program strictly followed the recommenda- 
tions of the International Union for Conser- 

vation of Nature concerning preparatory mea- 
sures, introduction schedule, and monitoring. 
From a conservation point of view, the educa- 
tion program was successful: no human perse- 
cution (shooting, poisoning) was recorded (Ta- 
ble 4). Only one case of disturbance at the nest 
by climbers was reported. Until now, the effi- 
cient collaboration of local farmers has provid- 
ed an abundant food resource at feeding sta- 
tions (Bonnet et al. 1990, Terrasse 1990). 
Moreover, farmers now tend to leave carcasses 
in the field more often so that Griffon Vultures 

can forage by themselves. As for Cape Vultures 
in South Africa (Markus 1972) and other large 
raptors such as Spanish Imperial Eagles (Aquila 
adalberti; Ferrer and Hiraldo 1991), electrocu- 
tion is the main cause of death (Table 4). It 
increases juvenile mortality of Griffon Vultures 
in Causses as in Israel (Leshem 1985). A collab- 
oration with Elecricit• De France from 1988 per- 
mitted us to modify about 300 pylons near the 
release center to reduce the possibility of elec- 
trocution. 

The present reintroduction schedule differed 
from previous reintroduction programs by re- 
leasing adult pairs in order to establish a breed- 
ing group. In former reintroduction projects in- 
volving raptors such as the Bearded Vulture 
(Gypaetus barbatus; Coton and Esteve 1990), the 
White-tailed Sea Eagle (Haliaeetus albicilla; Love 
1983), and the Peregrine Falcon (Peregrinus an- 
atum; Holroyd and Banash 1990), only imma- 
ture birds were released. Taking into account 
the biological cost of our method (during the 
first year after release the apparent mortality of 
adults was higher [0.257] than later on [0.013], 
the survival rate from release to first breeding 
is higher with adults (0.743) than with juveniles 
(0.8583 x 0.987 = 0.623; Fig. 2), even ignoring 
a possible release effect on juveniles. In addi- 
tion, immatures are much more likely to emi- 
grate, especially when there is no established 
natural population, which is always the case for 
reintroduction projects. Thus, we propose that 
reintroduction protocols for Griffon Vultures 
and similar species should involve adults that 
have bred in captivity within the target area 
rather than fledglings or even immatures. Two 
new reintroduction projects of Griffon Vulture 
in Friuli (northeastern Italy) and the southern 
French Alps will use our method. Because natal 
dispersal rapidly developed from Spain to the 
Causses colonies, these projects are expected to 
reinforce the exchange possibilities between 
subpopulations in order to restore a southern 
European Griffon Vulture metapopulation. 
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