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Theory predicts that animals in adverse conditions can decrease individual risks and increase long-term

benefits by cooperating with neighbours. However, some empirical studies suggest that animals often

focus on short-term benefits, which can reduce the likelihood that they will cooperate with others.

In this experimental study, we tested between these two alternatives by evaluating whether increased pre-

dation risk (as a correlate of environmental adversity) enhances or diminishes the occurrence of

cooperation in mobbing, a common anti-predator behaviour, among breeding pied flycatchers Ficedula

hypoleuca. We tested whether birds would join their mobbing neighbours more often and harass a stuffed

predator placed near their neighbours’ nests more intensely in areas with a higher perceived risk of pre-

dation. Our results show that birds attended mobs initiated by their neighbours more often, approached

the stuffed predator significantly more closely, and mobbed it at a higher intensity in areas where the

perceived risk of predation was experimentally increased. In such high-risk areas, birds also were more

often involved in between-pair cooperation. This study demonstrates the positive impact of predation

risk on cooperation in breeding songbirds, which might help in explaining the emergence and evolution

of cooperation.
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1. INTRODUCTION
The origin and evolution of cooperation among selfish

individuals still represents an unexplained cornerstone

of evolutionary biology (Dugatkin 1997; Nowak &

Sigmund 1998; Wilson & Hölldobler 2005; Fletcher

et al. 2006; Foster et al. 2006; Rockenbach & Milinski

2006; Ekman 2007). The concept of coexistence of

organisms is usually based on the idea of minimum toler-

ance towards co-occurring species or individuals of the

same species (Seed et al. 2008). Behavioural interactions,

however, need not always be negative and they can show

considerable plasticity depending on the local biotic and

abiotic conditions (Agrawal 2001). Especially harsh

and physiologically stressful environments have been

suggested to enhance the occurrence of positive inter-

actions (Greenbee & Callaway 1996; Callaway et al.

2002) and cooperation with neighbours (Bertness &

Callaway 1994; Mönkkönen et al. 1997) and to decrease

competition (Forsman et al. 2008) and delay dispersion

(Kokko & Ekman 2002; Griesser et al. 2008). Although

empirical evidence from plant and animal communities

and human societies suggests that there is a correlation

between adverse conditions and cooperation (e.g.

Knight 1984; Wilkinson 1984; Rytkönen & Soppela

1995; Spinks et al. 2000; De Bono et al. 2002; Spieler

2003), it is not known whether adverse conditions

actually cause and promote cooperation to evolve.
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There is little experimental support that adverse

environmental conditions enhance cooperation

(Thomson et al. 2003). Moreover, some studies suggest

that, in certain situations, animals value smaller, immedi-

ate benefits over large, future benefits (e.g. Mazur 1987).

Since participation in cooperative behaviours is often

costly over short time scales, it can reduce the proclivity

of animals to cooperate with others (Stephens et al.

2002) explaining why adverse conditions might inhibit

the evolution of cooperation. As a result, an alternative

hypothesis is that adverse conditions such as the increased

risk of predation might lead animals to focus on immedi-

ate direct benefits that do not rely on continued

participation from others, with the result being that

animals might actually be less likely to cooperate in

adverse environments. In this case, the presence of

cooperation in adverse environments occurs despite the

adverse conditions, not because of them.

In many systems, predation is a strong selective

pressure and can be one of the main factors responsible

for mortality of prey individuals (Lima 2009). Organisms

use a variety of strategies, such as alarm calling, distrac-

tion displays and attack responses to inhibit predators

(e.g. Montgomerie & Weatherhead 1988). Prey individ-

uals in some communities join together to mob a

predator by cooperatively attacking it (Curio 1978).

This communal defence can cause a predator to vacate

its immediate foraging area, which reduces the threat to

nearby prey individuals and allows them to resume their

daily activities (Flasskamp 1994). Mobbing behaviour is
This journal is q 2009 The Royal Society
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most frequently seen in avian species (Curio 1978;

Krams & Krama 2002; Olendorf et al. 2004; Templeton

et al. 2005; Krams et al. 2006a; Griesser 2009), although

it is also known to occur in other social animals such as

mammals, fishes (Kirkwood & Dickie 2005; Solórzano-

Filho 2006) and some invertebrates (Mori & Saito

2004). Aside from these benefits, anti-predator behaviours

such as mobbing have costs (Montgomerie & Weatherhead

1988; Brunton 1990; Krams et al. 2007) and there appears

to be a group size effect in mobbing, which indicates the

importance of cooperation among prey individuals in driv-

ing predators away (Mori & Saito 2004; Krams et al.

2009).

In this study, we evaluated the response of breeding

pied flycatchers Ficedula hypoleuca to a predator at their

own nest as well as their response to a predator at a neigh-

bour’s nest under conditions of normal and increased

predation risk. If increased perceived risk of predation

leads to an elevated reliance on cooperation to alleviate

risk, then we predict that birds should join nearby mobs

more often and harass a stuffed predator placed near

their neighbours’ nests more intensely in areas with

higher perceived risk of predation. Alternatively, if the pres-

ence of predators leads individuals to discount future

rewards, then neighbouring birds should reduce their

inclination to cooperate when predation risk is higher.
2. MATERIAL AND METHODS
(a) Study site and general details

The field study was carried out in May and June 2004

and 2008 near Krāslava, southeastern Latvia (548580 N,

278100 E). The pied flycatcher, a small semi-colonially breed-

ing migratory bird, is among the best-studied birds in the

world (Lundberg & Alatalo 1992). We performed the field

experiments in a population of pied flycatchers that was

attracted to wooden nest-boxes placed in dry young pine for-

ests. The nest-boxes were arranged in pairs (n ¼ 28) and

placed 36–43 m apart (40.12+1.82 m, mean+ s.e.). This

arrangement of the nest-boxes was not unnatural, because

pied flycatchers provided with nest-boxes often exhibit semi-

colonial breeding behaviour. The adult flycatchers were

neither trapped nor were they manipulated in any other

way. They had marked themselves with colours of non-water-

proof ink 2–6 days before the trials by touching a piece of

ink-saturated foam-rubber while entering or leaving the

entrance of their nest-boxes.

We restricted our study to pairs of nest-boxes, which were

each occupied by pied flycatchers. Since some studies

indicate that parents should take higher risks while defending

more valuable and older offspring (Montgomerie &

Weatherhead 1988; Rytkönen 2002; Tilgar & Kikas 2009),

we monitored egg and fledgling ages to identify box pairs

where the maximum difference in the age of nestlings in

two neighbouring nest-boxes was 3 days. A total of 28 pairs

of nest-boxes (56 individual nest-boxes) met these require-

ments. Fifteen pairs of nest-boxes were assigned to the

experimental group and another 13 pairs served as a control

group. A stuffed tawny owl Strix aluco—a common predator

of small birds in northern Europe—served as a predator

stimulus in all trials. When pied flycatchers detect this pred-

ator near their nests, they mob it while uttering characteristic

calls that attract other hetero- and conspecific individuals

(Curio 1975; Krama & Krams 2005). Our experiments
Proc. R. Soc. B (2010)
consisted of two phases—(i) a training phase in which we

increased the perceived risk of predation by exposing the

experimental group to a predator stimulus; and (ii) a testing

phase in which we determined whether birds in the exper-

imental group mobbed more or less strongly and were

more or less willing to mob at their neighbours’ nests.

(b) Training

To increase the perceived risk of predation in the experimen-

tal group, we repeatedly placed a stuffed tawny owl 150 m

from the nest-boxes of each experimental pair. To ensure

that the predator was detected, we played back the alarm

calls of pied flycatchers, which attracted the attention of

both flycatcher pairs nearby. Using the same design, we pre-

sented a stuffed mistle thrush Turdus viscivorus in the vicinity

of each pair of pied flycatchers in the control group. We

demonstrated the predator (to the experimental group) and

the thrush (to the control group) for 2 h on each of 5 days

before the testing trials. Flycatchers in the experimental

group did not mob the owl, but rather, continued their

normal feeding activities. Although animals often habituate

rapidly to dummy models, the birds in this study inspected

the predator from a distance of 15–50 m while producing a

few alarm calls during all of the training days, which suggests

that they perceived the situation as risky (Desrochers et al.

2002). Since the density of breeding birds was very low in

our study area located in a dry, young and tinned pine

plantation, this area was rarely visited by any birds of prey.

As a result, perceived risk of predation was relatively low in

the vicinity of control nest boxes and relatively high at

experimental nest boxes.

(c) Testing

We performed experimental trials as soon as the nestlings

reached the age of 10 days. In both the experimental and

control groups, the predator was mounted on a small plat-

form 1.15 m above the ground between the two

neighbouring nest-boxes, about 1.4 m from one of the nest-

boxes, selected by a chance, and facing the nest. We observed

and evaluated the behaviour of the birds from a small tent

used as a ‘blind’ from a distance of 10 m. Before conducting

the experiments, we marked nearby tree trunks and

branches, which allowed us to accurately measure the

birds’ approach distances. The owl was presented when, to

the best of our knowledge, no pied flycatcher was in the

area. As soon as the owl was discovered by one of the nest

owners, we began documenting the mobbing response of

the nest owners and their neighbours. After 10 min of mob-

bing, we removed the decoy. We considered neighbours to

have assisted the nest owners if they approached the owl

closer than half of the distance between the two neighbouring

nest-boxes. We did not consider the neighbours to have

assisted if they remained within their own territory—even if

they interrupted their feeding activities and continuously

gave alarm signals. An analysis of variance was performed

for minimum approach distance of males and females.

Since this parameter appeared to be similar between both

sexes in the case of nest owners (F1,27 ¼ 1.03, p ¼ 0.32)

and neighbouring birds (F1,27 ¼ 3.36, p ¼ 0.072), we aver-

aged the minimum approach distances of both the birds in

each pair.

To obtain more specific information on the intensity of

mobbing by both nest owners and their neighbours, we

divided the mobbing response of pied flycatchers, according

http://rspb.royalsocietypublishing.org/
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by nest owners and neighbouring flycatchers. Whiskers
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Figure 2. Number of mobs attended by neighbouring pied
flycatchers in experimental and control groups.
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to their displays and vocal response, into four categories: (i)

no response to the dummy predator (0 points)—birds inves-

tigated the predator from a distance usually without alarm

calls while continuing activities such as foraging or singing;

(ii) weak response (1 point)—frequent approaches and

retreats to/from the predator; (iii) average response (2

points)—the birds tended to be close to the predator, and

they moved restlessly around it by bowing, pivoting, tail-

flicking or hovering in the air in front of it; (iv) strong

response (3 points)—intense movements and display, which

included frequent dive-attacks at the predator. During

weak, average and strong responses, pied flycatchers used

‘pik’ calls (Curio 1975; Krams et al. 2006b). The observers

of birds’ responses were not blind to the hypothesis and treat-

ment. We observed and scored the mobbing behaviour of

each individual bird in both pairs (i.e. four adults). Since

the mobbing intensity of males and females was similar

both in the case of nest owners (Kruskal–Wallis test:

x2 ¼ 0.33, p ¼ 0.86) and neighbouring flycatchers

(Kruskal–Wallis test: x2 ¼ 0.42, p ¼ 0.52), we calculated

the mean value and assigned it to each pair of adult pied

flycatchers.

One hour later, we conducted ‘repeated trials’ in which we

presented the owl for another 10 min at the nests of the

former ‘neighbours’ in both control and experimental

groups to test whether neighbouring birds engage in recipro-

city when assisting one another. This part of the study was

done to see if there is any repeatability in the antipredator be-

haviour of neighbouring pairs of pied flycatchers and to

determine if nest owners that were assisted by neighbours

in the initial trials support their neighbours in the future.

The repeated owl test was carried out at 10 nests of the

experimental group and at eight nests of the control group.

The rest of the nests were rejected because we either

observed predators in the vicinity of those nests or the neigh-

bouring individuals were observed involved in territorial

conflicts. We recorded neither mobbing intensity scores nor

the distance of approach during these second trials. The

repeated trials were carried out as a part of pilot study on

‘forgiving’ within the concept of tit-for-tat and these trials

were not initially related to the experiment on cooperation

under adverse conditions.
Proc. R. Soc. B (2010)
3. RESULTS
The intensity of mobbing by nest owners did not differ

between the experimental and control groups. The behav-

iour by nest owners was scored as ‘average to strong’ in

both the control (2.40+0.13, mean and s.e., n ¼ 13)

and experimental groups (2.33+0.12, mean and s.e.,

n ¼ 15) and there was no difference between the groups

(two-tailed Mann–Whitney U-test—U ¼ 105.0, n1 ¼ 13,

n2 ¼ 15, p ¼ 0.709). Similarly, the nest owners’ minimum

approach distance to the predator did not differ signifi-

cantly between the experimental and control groups

(figure 1; two-tailed t-test, t ¼ 21.341, d.f. ¼ 26, p ¼

0.187). However, neighbouring birds in the experimental

group were more likely to assist their neighbours (figure 2;

two-tailed sign-test, p ¼ 0.031). All of neighbouring pairs

in the experimental treatment joined the mobbing while

61.5 per cent of the neighbours did so in the control treat-

ment. Neighbouring birds in the experimental group

approached the predator decoy more closely than neigh-

bouring birds in the control group (figure 1; two-tailed

t-test, t ¼ 22.322, d.f. ¼ 21, p ¼ 0.030). Although the

intensity of mobbing behaviour by neighbouring individ-

uals was scored as ‘weak to average’ in both the control

(1.38+0.14, mean and s.e.) and experimental groups

(1.85+0.10, mean and s.e.), the behaviour of individuals

in the experimental group was found to be more intense

towards the predator (two-tailed Mann–Whitney U-test,

U ¼ 45.5, n1 ¼ 13, n2 ¼ 15, p ¼ 0.018).

Neighbouring flycatchers appeared within 20–126 s

after the initiation of mobbing by nest owners and neigh-

bours always arrived in pairs. We did not find any

difference between experimental (53.00+6.72 s mean

and s.e.) and control (51.30+4.70 s, mean and s.e.)

groups (F1 ¼ 0.40, d.f. ¼ 1, p ¼ 0.84). Nest owners

mobbed the predator more intensely than their neighbours

in the control group (two-tailed Mann–Whitney U-test,

U ¼ 55.0, n1 ¼ 13, n2 ¼ 15, p ¼ 0.01). In the experimental

group, nest owners also responded significantly more

strongly towards the predator placed near their nest-

boxes than their neighbours (two-tailed Mann–Whitney

U-test, U ¼ 22.5, n1 ¼ 13, n2 ¼ 15, p , 0.001).

In the repeated trials, when the owl was demonstrated

at the nests of former neighbours 1 h after the initial trials,

http://rspb.royalsocietypublishing.org/
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8 out of 10 pairs of pied flycatchers of the experimental

group attended mobs while the birds of the control group

attended only two out of eight mobs at the nest boxes of

the former neighbouring pied flycatchers and this difference

in response was significant (sign-test, p ¼ 0.031). The two

pairs of pied flycatchers of the control group that were

assisted by their neighbours during the second trial behaved

in a cooperative way during the first trial.
4. DISCUSSION
There is evidence that mobbing provides direct fitness

benefits, because predators that have been mobbed can

be driven off (Curio 1978; Knight & Temple 1986) and

that mobbing might increase the probability that the

predator will not return to an area where it has been

unsuccessful in obtaining prey (Tinbergen et al. 1967;

Lima 2002). These results suggest a link between mob-

bing as a part of nest defence and the increased fitness

of those individuals who mob their natural enemies. Mob-

bing in a group enhances these benefits, which helps

explain why birds mob cooperatively (Pettifor 1990).

Our results show that birds were more willing to

cooperate with their neighbours after many consecutive

encounters with predators, which increased their

perceived risk of predation, and triggered cooperation as

a way to increase their fitness. Pied flycatchers were more

willing to mob at their neighbours’ nests and mobbed

more intensely in areas with an increased predation risk.

Moreover, in areas with a higher perceived predation

risk, birds approached predators at their neighbours’

nests an average of 1.5 m more closely. This difference

between treatments is biologically significant, because

mobbers can be injured or eaten when they approach

predators (Hoogland & Sherman 1976; Denson 1979;

Curio & Regelmann 1985, 1986; McLean & Rhodes

1991). Through cooperation, prey individuals might

significantly increase their effect on the behaviour of preda-

tors and alleviate the risks associated with engaging in

mobbing behaviour, which might make mobbing in

groups profitable even under increased predation risk.

The repeated trial experiments show that the increased

tendency for birds to mob at the nests of neighbours in

areas of increased perceived predation risk is maintained

over a number of interactions: birds that have had neigh-

bours mob at their own nests are also more likely to mob

at the nests of neighbours in the future. This result

accords with previous studies showing that pied flycatch-

ers engage in reciprocal cooperation when mobbing—

birds mob at the nests of their neighbours contingent

on whether or not those same neighbours have

helped them previously (Dugatkin 1997; Krams et al.

2006b; Krams et al. 2008; Wheatcroft & Price 2008;

Wheatcroft & Krams 2009). Reciprocal cooperation, a

widely discussed mechanism that facilitates the evolution

of cooperation, produces benefits for participants only

when they interact with other cooperators (Axelrod &

Hamilton 1981; Dugatkin 1997; Nowak 2006). If the

survival of one’s neighbours were unpredictable—for

example, owing to high mortality—then individuals

might be less willing to engage in reciprocity-based coop-

erative behaviours, which generally require long-term

partnerships among known individuals. For example,

the experiments of Stephens et al. (2002) show that
Proc. R. Soc. B (2010)
blue jays (Cyanocitta cristata) value small immediate

benefits over large future ones and do not engage in reci-

procal cooperation when they can receive immediate

benefits. However, our results suggest that such ‘temporal

discounting’ might not always hinder reciprocal

cooperation. One explanation is that reciprocity requires

participants to interact repeatedly during the course of

relatively short breeding season (Axelrod & Hamilton

1981). In this context, frequent encounters with preda-

tors might supply the incentive to engage in such

behaviours, assuming the chances that one’s neighbours

will survive until the next encounter are sufficiently

high. The results of the trials support the idea that

increased predation risk might promote reciprocity-

based cooperation in breeding pied flycatchers:

‘neighbours’ who more frequently encountered predators

were more willing to support ‘nest owners’, who, in turn,

were more willing to join mobs at the nests of ‘neigh-

bours’ in the future. Together with previous results

showing that breeding pied flycatchers join mobs at the

nests of their neighbours contingent on whether or not

these neighbours helped them previously (Krams et al.

2006b; Krams et al. 2008; Wheatcroft & Price 2008;

Wheatcroft & Krams 2009), these results provide support

for the idea that repeated interactions between individuals

(via increased predation risk) might explain the evolution

of complex cooperative behaviours, such as reciprocal

cooperation (Axelrod & Hamilton 1981).

The results of our experiment agree with the predictions

of a theoretical study by Andras et al. (2003), which showed

that resource adversity should promote cooperation. Our

results support this theoretical prediction and suggest that

birds facing a risky environment can reduce their individual

risks by cooperating with others. The correlation between

group augmentation and safety might explain why birds

breed in clusters (Kokko et al. 2001). However, more

data are badly needed to demonstrate how adversity and

uncertainty might enhance reciprocity-based and mutualis-

tic cooperation in different taxa by improving fitness

prospects for cooperating individuals.

Overall, our results suggest the importance of non-lethal

or non-consumptive effects of predation in ecological

systems. The diversity of possible responses by prey species

to increase their fitness stresses the importance of the inter-

actions among prey organisms and a need to pay more

attention to environmental features such as the probability

of being attacked by predators. The risk of predation can

have a direct effect on cooperation as is shown in our

experimental study, which might help to explain the

origin and evolution of cooperation.
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