Ornis Fennica 84:39-46. 2007

Seasonal and daily activity pattern in Griffon Vulture
(Gyps fulvus) colonies on the island of Crete (Greece)
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Morning and evening counts undertaken in Griffon Vulture Gyps fulvus colonies and
communal roosts revealed that their numbers fluctuated by season and time of the day. In
the colonies the vultures built up high numbers during the pre-breeding and incubation
periods (November—February) with maxima in December—January and dropped during
the fledging and dependence periods (July—October) with minima in June—July. On the
contrary griffons started to use communal roosts during the chick-rearing period (March—
June) while their numbers peaked when the young fledged (June—August). Daily use of
colonies exhibited a bimodal pattern that was most pronounced in the pre-breeding peri-
od. Population size should be assessed by conducting morning counts starting at dawn in
all active colonies and communal roosts during November—February.

1. Introduction

Birds of prey are difficult to study in the field as
they occupy large home ranges and often inhabit
remote inaccessible regions. Monitoring their
populations is often difficult as most species are
territorial and sparsely distributed over sizeable
areas (Fuller & Mosher 1981). In addition their
density exhibits local seasonal fluctuations and
their activity may vary throughout the day (New-
ton 1979). Usually raptor censuses are restricted in
the breeding season when rapid changes in their
detectability take place. The counting units are oc-
cupied nest-sites or established breeding territo-
ries (Skirvin 1981, Diesel 1984, Bibby et al.
1992). In the case of colonial or flocking raptors,
census work is facilitated by tracing the birds in lo-
calized areas such as their colonies or communal
roosts (Parker 1975, Bildstein 1979, Fuller &
Mosher 1987). Accurate estimates of their popula-
tion can be made by conducting surveys in these

sites during certain months of the year and times of
the day (Taylor 1983, Keister et al. 1987, Rabe-
nold 1987, Walk 1998, Hiraldo et al. 1993, Stolen
& Taylor 2003). The vultures of the genus Gyps
are large gregarious species that breed colonially
in cliffs, forming large nesting groups (Cramp &
Simmons 1980, Mundy et al. 1992, Donézar
1993). As a result improved monitoring techni-
ques consist of counting birds at their breeding or
roosting sites early in the morning or late in the
evening before or after their daily foraging trips
(Robertson & Boshoff 1986, Mundy et al. 1992,
Marincovi¢ & Orladi¢ 1994a, Borello & Borello
2002).

The Greek Griffon Vulture (Gyps fulvus) po-
pulation numbers ca. 300 breeding pairs, of which
more than 70% are concentrated in Crete (Handri-
nos & Akriotis 1997, Xirouchakis & Mylonas
2005). The species seems to have undergone a
33% population decline on a national scale com-
pared to the early 1980s (Handrinos 1985). How-
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ever since no systematic survey has ever been car-
ried out in the country the available data do not re-
flect the true magnitude of the decline. Particularly
for the island of Crete, the existing literature goes
back as the late 1970s (Vaglianos 1981, Halmann
1985), but most surveys lack a common methodol-
ogy and do not allow inferences about the species
population trends (Marincovi¢ & Orladi¢ 1994b,
Tewes 1994, Halmann 1996). In addition many
colonies look deserted during the spring and sum-
mer months (Halmann 1996) when many foreign
ornithologists try to combine tourism and bird
watching. Most disparities between surveys have
been caused by temporal differences on their tim-
ing, while data collection becomes more compli-
cated by the species seasonal distribution and vari-
ation in colony use (Xirouchakis 2003, Xirou-
chakis & Mylonas 2004) and its habit to abandon
the colonies for a number of years and reoccupy
them later (Xirouchakis & Mylonas 2005).

The aim of the present study was to investigate
the seasonal fluctuations in the size of griffon col-
onies and the activity pattern of their daily use as
relevant published accounts are lacking. The ulti-
mate goal was to improve population monitoring
schemes, so that future surveys in Crete are under-
taken in meaningful time and comparisons be-
tween population estimates become reliable. All
sites were selected for their stable occupancy by
griffons and good sighting conditions that facili-
tated fieldwork. The colonies monitored were typ-
ical for the island in terms of population size (i.c.
number of individuals and number of breeding
pairs) but differed in weather conditions and the
distances from the foraging areas.

2. Materials and methods
2.1. Study areas

Surveys were conducted in two colonies (i.e. A
and B) and two communal roosts (i.e. C and D) ca.
5 km apart where exchange of vultures was ob-
served during the years 1997-2001 (Fig. 1). Colo-
nies were situated on limestone substrate, while
communal roosts on granite. Colony A was lo-
cated at 520 m on a small mountain, which was ex-
posed to north—northwest winds. Colony B was
placed at 300 m within a gorge 2 km long and
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300 m deep (range= 500—700m) and was totally
protected from gusty weather. In colony A, 11 and
10 pairs laid eggs during 1999 and 2000 respec-
tively. Similarly in colony B, 10 nesting pairs were
recorded during 1997. The nearest foraging
ground for vultures were 12 km away from colony
A and 6 km from colony B. Communal roosts were
located on vertical cliffs (ca. 400-500 m) at alti-
tudes of 1,450 m and 1,750 m facing north and
northeast respectively.

2.2 Field procedures

Monitoring the seasonal use of colonies was made
by conducting morning and evening counts in col-
ony A from September 1999 to October 2001 with
a total of 141 visits (on average 5.6/ month, range
5-7 visits). In morning observations vultures were
tallied from 30 min before sunrise till all individu-
als left the colony while in evening ones vulture
counts were initiated 4 h before sunset and ended
30 min after dusk. Fieldwork in communal roosts
was carried out five times per calendar month dur-
ing the years 1998, 2000 by counting the vultures
as they entered the roosts 2—4 h before sunset.
Daily variability in colony use was examined
by assessing vulture numbers in colony A from
sunrise to sunset during October 1998—October
1999 and November 1999-November 2001 at a
rate of two and one visit per month respectively (n
=50). Similarly in colony B bird counts were con-
ducted during three visits per month (n= 39) from
November 1997 to November 1998 inclusive. In
these daylong observations the maximum number
of birds present i.e. in all known roosts, nests or
soaring close to the cliffs (< 500 m) was recorded
rotationally at 30 min time intervals (scan samp-
ling, Bateson & Martin 1990). Departure time was
the moment that more than 50% of the vultures in
the colony left the breeding cliff, whereas arrival
time was the moment that at least 2/3 of the birds
counted in the morning returned to the colony.
All visits were spaced out every 7-10 days so
as to cover all months homogeneously. The annual
cycle of the species was divided into three stages in
relation to its breeding phenology (Xirouchakis
2003): a) the pre-breeding period (i.e. courtship,
nest building), egg laying and incubation (Novem-
ber—February), b) the egg hatching and chick rear-
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Fig. 1. Map of the study
sites, location and po-
pulation size (mean
number of individuals/
mean number of nest-
ing pairs) of the nearest
colonies during the
study period.

ing period (March—June) and c) the fledging and
dependence period (July—October). Daytime was
divided into three periods namely morning
(07:00-11:00), midday (11:00-15:00) and after-
noon (15:00-19:00). Observations were made
from a safe distance ranging 300-600 m from the
cliffs with the aid of 10x50 binoculars and a spot-
ting scope with 30x and 70x eyepieces.

2.3 Data analysis

In all analyses non-parametric tests were used (Zar
1996) at a 0.05 level of significance while data on
the colony daily use were grouped by month and
calendar year. Exceptional cases i.e. late depar-
tures because of inclement weather were ex-
cluded. The hypothesis that the differences in the
monthly vulture numbers using colony A and
communal roosts were significant was tested by
detecting the seasonality of the data. After a visual
inspection of the autocorrelation functions (AFC)
of the mean monthly counts at lag of 12, the
autocorrelation coefficients were examined by the
Ljung-Box Q* test for time series data (Ljung &
Box 1978, Makridakis et al. 1998). Comparisons
of vulture counts between months were made by
applying the Mann-Whitney test while those con-
cerning the same breeding stage of different years
by the Wilcoxon paired test. The frequency of col-
ony size between morning and evening counts was
tested by the chi-square test with a Yates’ correc-

tion. Time was transformed to circular data (i.c.a=
(360°)(x)/k, k = 24h) and the differences in the
griffons’ mean departure and arrival times of the
two colonies were tested by the Watson U’ test.

3. Results
3.1 Seasonal fluctuations in colony size

Griffon Vultures used colony A periodically
(Ljung-Box Q*= 92.2, P<0.0001) with high con-
centrations occurring during the pre-breeding and
incubation periods. Their numbers started to in-
crease from late August, peaked during Decem-
ber—January and decreased from February on-
wards as the breeding season progressed (Fig. 2).
Maximum vulture numbers were greater in 1999—
2000 (January, average = 42) than in 20002001
(December, average =33, Mann-Whitney U=0.5,
P = 0.008), though their concentrations were simi-
lar in both years when the entire stage A was taken
into account (33 vs. 30, Wilcoxon T=3,P=0.46).
The opposite pattern of activity was detected in
communal roosts (Fig. 3).

Bird numbers build up from the chick rearing
period up to the fledging of the young and dropped
thereafter (Ljung-Box Q*= 274, P = 0.02).
Pooled data from 66 visits produced the maximum
vulture count in June (mean £ s.d. =38+ 9, range =
30-54) and the minimum one in January (mean +
s.d. = 1+ 2, range = 0-5).
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3.2 Daily pattern of colony use

Griffon Vulture numbers fluctuated during the day
according to their foraging sorties (Fig. 4). Depar-
tures lasted 3.35 hrs and were more concentrated
than arrivalsi.e. 6.08 hrs (n =88, angular deviation
12°vs. 21°). For both colonies the mean departure
time was 09:16 (range = 07:30-10:55) while the
mean arrival one was 16:32 (range= 13:00—
19:05). Griffon Vultures departed earlier and re-
turned later in colony A than in colony B (09:09 vs.
09:26, Watson Uzdep =0.23,P<0.05and 16:42 vs.
16:20, Watson U2m= 0.33, P <0.05). However the
daily pattern of colony use was associated with the
stage of the breeding season (Table 1). More spe-
cifically the birds were away from the colonies, in
search of food, during the late morning and mid-
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Fig. 3. Seasonal pattern of Griffon Vulture (Gyps
fulvus) activity (mean + s.d.) in two communal roosts
in Crete during 1998-2000 (n = 66).
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of Griffon Vulture (Gyps
fulvus) activity in one
colony in Crete during
1999-2001 (n = 141).

2001

day hours only in the pre-breeding and incubation
periods. On the contrary the number of vultures
present in the colonies was stable throughout the
day during the chick development, fledging and
dependence periods (Fig. 5).

Vulture numbers between morning and eve-
ning counts differed from 0-25 individuals in col-
ony A (mean +s.d. =4 + 6.4) and 0—12 individuals
in colony B (mean +s.d. =3 +2.9). Overall in 47%
of the cases these differences were null while in
more than 85% they lay within the range of 0-5 in-
dividuals. The frequency of elevated morning
counts (35.7%) was smaller than the elevated eve-
ning ones (64.3%), though not significantly so
(%’=3.38,P>0.05). In days when morning counts

—a— Departures colony A
—0— Arrivals colony A
—4— Departures colony B
—4—Arrivals colony B

% departures/arrivals

0
06:00 08:00 10:00 12:00 14:00 18:00 20:00

Time

Fig. 4. Daily distribution of departure and arrival times
in two Griffon Vulture (Gyps fulvus) colonies in Crete
[colony A: 1998-2001 (n = 50), colony B: 1997-1998,
(n=38)].
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Table 1. Number of Griffon Vultures (Gyps fulvus) present in two colonies in Crete (i.e. daily average per calen-
dar month) in relation to the nesting population size and stage of the breeding season. Three breeding stages
were distinguished. A: Courtship, nest building, egg laying and incubation (November—February). B: Egg
hatching and chick rearing (March—June). C: Fledging and dependence (July—October). The ratio users / nest-
ers describes the mean number of individuals present in the colony over the number of nesting individuals. The

average ( x ) is calculated over the two colonies.

Breeding Colony A Colony B

stage Daily users/Nesters (range) Daily users/Nesters (range) X
A 0.91 (0.45-1.23) 1.00 (0.67-1.21) 0.95
B 0.55 (0.36-0.64) 0.75 (0.63-0.82) 0.65
C 0.32 (0.18-0.45) 0.35 (0.28-0.48) 0.33

surpassed evening ones, the number of vulture
leaving the colonies was inflated by 20.1% in col-
ony A and 12.6% in colony B. In contrast when
morning counts fell short of evening ones, the
number of vultures leaving the colonies was less
by 16.1% in colony A and by 36.3% in colony B.

4. Discussion

The behaviour of communal roosting is well docu-
mented among old and new world vultures as well
as in some flocking eagles (Cramp & Simmons
1980, Rabenold 1983, Tella 1991, Donazar 1993,
Stolen & Taylor 2003, Wilson & Gessaman 2003).
Seasonal fluctuations in roost size are typical for
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Fig. 5. Mean number of nesting pairs in two Griffon
Vulture (Gyps fulvus) colonies in Crete (1997—2001)
and daily number (average at 30 min time intervals)
of individuals present in relation to the stage of the
breeding season [A: Courtship, nest building, egg
laying, incubation (November—February, n= 28), B:
Egg hatching, chick rearing (March—June, n=31), C:
Fledging, dependence (July—October, n= 29)].

the migratory Egyptian Vulture Neophron perc-
nopterus (Ceballos & Donazar 1990, Tella 1991,
Donézar 1993) and for small cathartid vultures
(i.e. Cathartes aura, Coragyps atratus), which
gather year round at persistent communal roosts
(Rabenold 1986, Sweeney & Fraser 1986, Buck-
ley 1999). The temporal variation in the use of
communal roosts is produced by different ecologi-
cal pressures such as roost type, levels of human
disturbance, climatic conditions and food avail-
ability (Dondzar 1993, Thomson et al. 1990, Do-
nazar & Feijoo 2002). Some species are restricted
to big dead trees which can support many birds and
have easy access (Ceballos & Donazar 1990)
while others select trees with thick foliage where
favorable microclimatic conditions occur (Wright
et al. 1986). The formation of communal roosts is
evoked by regular food supplies (Donazar et al.
1996, Margalida & Boudet 2003) although an ele-
ment of social organization might also be involved
(Rabenold 1986, Parker ez al. 1995). In Crete grif-
fons’ communal roosts are located on vertical
limestone cliffs, which are abundant within the
species foraging range. Most of them are used sea-
sonally with an additional increase in their number
during summertime (Xirouchakis & Mylonas
2004). Weather constraints are not important as all
of them are found in warm or cool places depend-
ing on the season. The communal roosting behav-
ior should be linked to local food abundance (e.g.
waste dumps) and the species dependence on
pastoralism. Griffons feed exclusively on carrion
originating from livestock (Xirouchakis 2005)
thus their distribution demonstrates differences in
space and time in relation to the movements of no-
madic flocks (Xirouchakis & Mylonas 2004). The
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observed dynamics of the colony-roost system
should be determined by their proximity to food
resources in conjunction with the griffons’ breed-
ing status. Numbers in communal roosts build up
by non-breeding birds and failed breeders that fol-
low the domestic flocks in the upland pastures in
an effort to forage optimally. The maximum
counts in summer correspond to the influx of birds
that abandon the colonies having completed suc-
cessfully their breeding attempt. Unlikely in re-
gions where livestock is kept in big farms through-
out the year griffon colonies remain stable in size
and exhibit a steady pattern of daily use similar to
the one detected in the present study during the
pre-breeding and incubation periods (e.g. Cape
Vulture Gyps coprotheres, Jarvis et al. 1974, Rob-
ertson & Boshoff 1986).

The griffons’ departure time was determined
by the geographical position and topography ofthe
colonies likewise other large soaring raptors
(Houston 1976, Boshoff ef al. 1984, Hiraldo &
Donazar 1990). Colony A received north-north-
west winds that produced strong upward currents
and vultures abandoned the breeding cliff by en-
tering the rising airflow as soon as 30—60min after
dawn. In contrast in colony B north winds were
blocked because of the orientation of the cliffs (i.e.
NE-SW); thus griffons had to wait for 3—4 h after
sunrise for the formation of suitable thermals in or-
der to depart. In addition the differences of the col-
onies’ distances from the foraging areas were re-
flected in the distribution of arrivals and the differ-
ence in the mean arrival times.

The daily pattern of colony use was quite dis-
tinct during the different stages of the breeding cy-
cle. In the pre-breeding period vultures were gath-
ered in the colonies in order to establish nesting
territories, build nests and lay eggs producing the
maximum bird counts. In the chick-rearing period
vulture numbers mostly accounted for breeding in-
dividuals when one of the mates was attached to
the nest brooding the young. In the fledging and
dependence periods even fewer birds were present
in the colony since the chicks were well grown and
left unattended at the nest. Moreover newly
fledged chicks remained in the colony depending
on their parents for food. In some cases they
roosted for the night in the vicinity of the colony
and returned at noon to their natal cliff waiting for
their parents to feed them. Midday peaks in vulture
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numbers in colony B were due to this phenome-
non.

The differences between morning and evening
counts were insignificant, though the former
should be regarded as more reliable. One disad-
vantage was in days of suitable uplift currents
when birds left the colony A by the first light, a fact
that depended on the topography and the soaring
conditions of the area. Evening counts were less
accurate because arrivals were more dispersed
through the day while some birds could not be de-
tected as: a) they roosted in remote places out of
range, b) moved around the colony and c) arrived
after sunset.

In conclusion monitoring of all known colo-
nies and communal roosts during the pre-breeding
stage i.e. November—February would produce the
most reliable population estimate. Surveys later
than February should be avoided as non-breeding
individuals abandon the colonies. Colonies void of
birds during spring months do not reflect a decline
in population size and should not be regarded as
deserted. They might have hosted breeding pairs,
which in case of total nest failures disappeared by
early March. Morning counts should be preferred
over the evening ones and if no prior knowledge
on the weather conditions in the area exists they
should initiate by dawn.
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Pesimiikauden ja vuorokaudenajan vaikutus
Kreikan saariston hanhikorppikotkien
aktiivisuuteen

Hanhikorppikotkien lukuméérit vaihtelivat yh-
dyskunnissa ja yleisilld lepopaikoilla vuorokau-
den ajan ja pesimdkauden mukaan. Yhdyskunnis-
sa korppikotkien méaéra oli suurin ennen pesintia
ja haudonnan aikoina (marraskuulta helmikuulle)
huipun ajoittuessa joulu- ja tammikuun vaihtee-
seen. Lentopoikasaikaan (heind- ja lokakuussa)
yksiloiden lukumééri oli vihdisempi. Kesé- ja hei-
ndkuussa yhdyskunnissa oli kaikkein véhiten
korppikotkia. Tétd vastoin korppikotkat alkoivat
kayttdd yleisid lepopaikkojaan maalis—huhtikuus-
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sa poikasten ruokinnan aikaan. Eniten korppikot-
kia ndhtiin lepopaikoilla heind—elokuussa, jolloin
poikaset 1dhtivdt pesdstd. Tulosten mukaan hanhi-
korppikotkien populaatiokoko tulisi selvittda
aamulaskennoin kaikissa aktiivisissa yhdyskun-
nissa seké lepopaikoilla pesintié edeltévini aika-
na marraskuun ja helmikuun véliseni aikana.
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