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1. Introduction

When a predator attacks prey several factors can
affect the likelihood of success (Gbtmark & Post
1996) . Previous studies have shown that prey
group size, type of attack and escape response
could influence the success of an attack independ-
ently (Buitron 1983, Lima & Dill 1990, Pettifor
1990, Cresswell 1993, 1994) . The optimal choice
of defence of a prey may also depend on the
number of predators attacking (Lima 1992, Hori
1993), as prey vigilance is effective mainly for
single predator strikes and not for group attacks
(Buchanan et al . 1988, Dekker 1988, Cresswell
1993, 1994, Lima 1995) . Active responses of the
prey could decrease the capture ratio (Leopardi
1991, Cresswell 1994, Leonardi 1999) . In addi-
tion, large groups of prey, due to their conspicu-
ousness, stimulate attacks from predators (Hec-
tor 1986, Ellis et al . 1993, Krause & Godin 1995,
Leonardi 1999) . It is likely that a trade-off be-
tween risks of injury and response intensity can
be expected . In Sicily, Jackdaws (Corvus
monedula) nest in association with Lanner Fal-
cons (Falco biarmicus) despite having a high risk
of predation (Massa et al. 1991, Leonardi 1999) .

2. Material and methods

This study was conducted at five sample sites in
central eastern Sicily during three reproductive
periods of the Lanner Falcon (1988-1990) . The
main habitat is an agro-ecosystem of orchards and
wheat monoculture with small islands of natural
areas ofshrubs and bushes (Leopardi 1994,1999) .
Each breeding site was visited 10 times mainly in
the early morning, a total of 55 hours . In Sicily
the coexistence of specialized predators like Per-
egrines (Falco peregrinus) and Lanner Falcons
and its possible prey is common in spite ofpreda-
tion risks (Massa et al . 1991, Leonardi 1994) .
Although in general, prey lives far from potential
predators, Jackdaw nesting colonies were found
close to the nest-site of the Lanner Falcons
(Wiklund 1982, Sodhi et al. 1990, Suhonen et al.
1994) . In Jackdaw colonies, the number of indi-
viduals fluctuated from 20 to 70 . Generally they
occupied 3-5 large ledges in the centre ofthe rock

I studied this population system to determine if
defensive responses depended on group sizes,
predator number or type of attack .
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cliff (n = 12, unpublished data). The daily pattern
of activity and social behaviour of Jackdaws was
observed and flock sizes into three size classes
according to other studies: 2-10, 11-30 and 31-50
individuals (Kenward 1978, Buitron 1983, Cress-
well 1996). As shown in Table 1, mobbing, es-
cape and alarm calls were recognized as different
responses towards attacking Lanners (Buitron
1983) . In falcon pairs the small male attacked first
and the female generally caught the prey . They
attempted to avoid prey defensive responses, al-
locating the hunting efforts (Leonardi 1999) . Sta-
tistics were analysed using SyStat 9.0 statistical
program (SPSS Inc. 1998). Yates' correction was
used in chi-squared and Williams' correction in
G-tests (Zar 1984).

3. Results and discussion

In general the defensive choice of Jackdaws de-
pends on the flock size (G4 =16.6, P<0.001, n=58,
Fig. 1) . The large group has exhibited all defensive
actions in response to attacks ; they consisted mainly
of mobbing (x22 = 15 .9, P < 0.001, n = 31, Fig. 1) .
According to the model of Turner and Pitcher
(1986) it is advantageous to be in a larger flock
during a predator attack . Field evidence supported
this theory as far as the probability ofdetection and

subsequent attackbypredators didnotincrease with
increasing group size (Cresswell 1994, Krause &
Godin 1995). In fact, during cooperative hunting
many individuals were involved in the defensive
action producing confusion, but they incurred high
per capita risks in terms of number of attacks and
attack duration (Turner &Pitcher 1986, Krause &
Godin 1995, Leonardi 1999). Presumably, Jack-
daw flocks enhanced their survival chances by
mobbing as well as by the flock benefits . For the
small sized flocks the low conspicuousness lim-
ited the encounter rate by predators. Mobbing is
less significative in comparison with other defence
responses (Fig . 1) . It seems that the reaction of the
Jackdaw can be stimulated by the presence of sin-
gle attacking individuals, apart from pairs of
Lanners (G4 = 14.8, P < 0.005, n = 58, Fig. 2) .
Particularly, large groups of Jackdaws mobbed the
female of Lanner Fallcon (Fisher exact test
P= 0.032, n = 14) whereas small flocks of Jack-
daws generally escaped (x22 = 7.6, P < 0.05) . On
the contrary, the attacks by male Lanners did not
encourage strong responses by the prey; they mainly
uttered alarm calls (Fisher exact test P = 0.024,
n = 14, Fig. 2) . The risk represented by the female
ofLanner is due to its size, which allows capturing
large prey like the Jackdaw. The great capture suc-
cess ofthe female, during the cooperative hunting,
can support this hypothesis (Yosef 1991, Leonardi

Table 1 . Characterization of prey and predator behavioural patterns observed in five nesting colonies of
Jackdaws during cooperative hunting attempts of the Lanner Falcon .

Description References

Prey defense behaviours
Mobbing Prey flocks close dive upon predators with an evasive flight Buitron 1983,

Pettifor 1990
Alarm Perched prey gave alarm call or followed at a distance Buitron 1983
Escape Prey flocks fly away from predators Buitron 1983,

Cresswell 1994

Predator attacks
Surprise attack Predators first approach close to prey from behind rock cliffs Cresswell 1994,

1996, Leonardi
1999

Non-surprise attack Both predators are visible at the onset of attacks, then they try Cresswell 1994,
to encircle prey flocks. 1996, Leonardi

1999 .
Partial-surprise attack One of the two attacking predators is visible to prey while the Cresswell 1994,

other one attacks by surprise . Both perched predators would 1996, Leonardi
depart at different times. 1999 .
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Fig . 2 . Defensive techniques of the Jackdaw flocks
observed in presence of paired and single Lanners
(n = 5 for male ; n = 19 for female ; n = 34 for pairs) .**denotesP<0.001.

Fig . 1 . Defensive action percentages according to
flock sizes classes Jackdaws (n = 12 for 1-10 ; n = 21
for 11-30 ; n = 25 for 31-50).** denotes P < 0.001 .

1999). Thus, the recognition of sexes through the
identification of the size, plays a very important
role inthe choice of thecorrect counterattack. Nev-
ertheless, the lowreaction ofthe Jackdaws towards
the male predators is potentially dangerous during
the partial surprise attacks, during the first attack
(Leonardi 1999). In response to the different hunt-
ing techniques of the Lanner, Jackdaws use single
defensive actions or acombination ofthem (Table 2) .
The significant result between the mobbing and the
non- andpartial-surprise attacks shows the impor-
tant role of the visual detection during the surprise
strikes (Table 2, Lima 1995). The escape tactic
appaears to be the most effectiveresponse to unex-

Table 2 . Defensive actions in responses to Lanner
Falcon cooperative attacks (alarm n = 11 ; escape
n = 16 ; mobbing n = 31) . * denotes P < 0 .05,**
denotes P < 0.001, and *** denotes P < 0.0001 .

pected attacks (Table 2, Leonardi 1991, Cresswell
1993, 1996). Probably, the high proximity to preda-
tors, removing othermenaces for theprey, has also
the advantage of a better visibility during attacks
(Wiklund 1979, Paine et al . 1990).

Available data on the diet of the Lanner Fal-
con in Sicily showed a high frequence of preda-
tion of Jackdaws (6% to 36%) (Mebs 1959, Massa
et al . 1991). Thevigilance can reduce the success
rate of an open attack, so that Jackdaws remain
relatively safe in falcon's areas. This study sug-
gests that Lanners use paired attacks to counter
the defensive behaviour of Jackdaws . Therefore,
it predicts that the attack success rate ofpairs will
be higher than of single Lanners. In this context,
Jackdaws may compensate for the increased pre-
dation risk presented by grouped predators by
adopting defensive mobbing behaviour. This evi-
dence shows that jackdaws distinguish between
the predation risks of different contexts . In addi-
tion, jackdaws respond appropriately to different
predation risks.
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Alarm Escape Mobbing

Surprise 5 10 1*
Non-surprise 5 2 20 ***
Partial surprise 1 4 10*

n .s .

***



Leonardi : Defensive behaviour by Jackdaws

Selostus: Naakan puolustuskäyttäy-
tyminen välimerenhaukan yhteissaalis-
tuksen vastineena

Useat tekijät voivat vaikuttaa hyökkäyksen tulok-
sellisuuteen, kun peto hyökkää saalistaan kohti.
Tutkimukset ovat osoittaneet, että saaliin ryhmä-
koko, saaliin käyttäytyminenja pedon hyökkäys-
tyyli vaikuttavat hyökkäyksen onnistumiseen
toisistaan riippumatta. Saaliin optimaalinen
puolustuskäyttäytyminen on riippuvainen myös
hyökkäävien petojen määrästä, koska saaliin
tarkkaavaisuus on tehokkaimmillaan yksittäisen
pedon hyökätessä. Artikkelin kirjoittaja tutki Ita-
liassa vuosina 1988-1990, kuinka naakat käyttäy-
tyivät välimerenhaukkojen hyökätessä niiden
pesäkoloniaan . Naakka on Italiassa tärkeä
välimerenhaukan saalislaji. Pesivien naakkojen
määrä kolonioissa oli 20-70 yksilöä viidellä tut-
kimuksessa mukana olleella alueella . Pedon
hyökätessä koloniaan naakat joko pakenivat tai
alkoivat varoitella tai ahdistella petoa . Kun
naakkayhdyskunta joutui välimerenhaukkaparin
hyökkäyksen kohteeksi, naakat yleensä alkoivat
ahdistella haukkoja. Naakkojen puolustus-
käyttäytyminen oli riippuvainen naakkojen mää-
rästä. Mikäli naakkoja oli koloniassa paljon
(vähintään 31 yksilöä), naakat reagoivat petoon
yleensä ahdistelemalla petoa. Jos naakkoja oli
koloniassa vähemmän, petojen ahdistelu oli
vähäisempää verrattuna muihin saaliin reagointi-
tapoihin . Mikäli haukka pääsi yllättämään
kolonian, naakat yleensä pakenivat. Jos hyökkää-
jänä oli koirashaukka yksin, naakat useimmiten
vain varoittelivat . Koirashaukan ja naarashaukan
yhteissaalistuksessa isokokoisen naarashaukan
menestys saalistajana oli hyvä. Tutkijan mukaan
kooltaan isompi välimerenhaukkanaaras on suu-
rempi uhka naakoille kuin pienikokoisempi koi-
ras. Välimerenhaukkanaaras kykenee erityisen
menestyksellisesti saalistamaan myös suurikokoi-
sia kohteita, kuten naakkoja . Tutkija päätteleekin,
ettänaakatvoivat saalistajan koosta arvioida, kuin-
ka suuri uhka lähestyvä peto kolonialle onja millä
tavalla saalistajaan tulee reagoida. Kirjoittajan
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mukaan haukkojen kannattaisi hyökätä
naakkakoloniaanpareittain. Vastaavasti naakkojen
kannattaisi puolustautua pareittain hyökkääviä
välimerenhaukkoja kohtaan käymällä vastahyök-
käykseen . Hyvä näkyvyys voi heikentää haukko-
jen saalistuksenonnistumistodennäköisyyttä avoi-
milla alueilla. Tämä voi mahdollistaa naakkojenja
välimerenhaukkojen rinnakkaiselon alueella. Tu-
lokset osoittivat, että naakat reagoivat petoon eri
tavoin eri tilanteissa.
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