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Summary 25 

 26 

Food-sharing in birds occurs largely in the context of parental care and courtship. Previous 27 

studies found that juvenile jackdaws demonstrate high levels of active giving outside these 28 

contexts in the 3 months following nest dispersal. The function of this behaviour is not fully 29 

understood, although it seems compatible with hypotheses of mutualism, reciprocity and 30 

harassment avoidance. In the current study, we propose a new functional explanation for 31 

active giving in this monogamous corvid, namely in facilitating the formation of social bonds. 32 

Captive juvenile jackdaws actively gave 2.5% of temporarily available food items and objects 33 

to peers, irrespective of sex and kinship. Active giving accounted for 43.7% of all food 34 

transfers that occurred. Donors advertised food and objects through a distinctive display and 35 

initiated active giving more often than recipients. The direction of active giving was initially 36 

unfocused, but became increasingly selective until each donor predominantly gave to one 37 

recipient and affiliative relationships became crystallised. We conclude that food-sharing may 38 

be an integral part of jackdaw ontogeny which allows juveniles to explore their social 39 

environment and facilitates the formation of affiliative relationships to group members when 40 

family bonds dissolve. We also suggest that the ritualised food offer display may signal the 41 

‘collaborative intent’ of the donor and serve to attract potential affiliative partners/mates.  42 

 43 

Keywords: Active giving, affiliative relationships, corvid, food-sharing, jackdaw, monogamy, 44 

object, social bond 45 
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Introduction 46 

 47 

Food-sharing, has been the subject of much attention because of its apparent altruistic nature 48 

and its possible impact on the evolution of complex cognition in human and non-human 49 

primates (de Waal, 1989, 1997a; Stanford & Bunn, 1999; Gurven, 2004; Stevens & Hauser, 50 

2004). Active giving is perhaps the most remarkable type of food-sharing because the 51 

initiative lies with the donor who actively transfers food to another individual (de Kort et al. 52 

2003, 2006). The benefit of recipient-initiated transfers, namely stealing and ‘tolerated theft’ 53 

(Blurton Jones, 1987) is clearly the nutritional value of the food obtained. In the case of 54 

donor-initiated transfers (active giving) the benefit is less obvious, but may include delayed 55 

benefits through reciprocity (Wilkinson, 1984), benefit returns in a different ‘currency’, i.e. 56 

interchange (Hemelrijk, 1990b) or cost-benefit trade-offs, such as harassment avoidance 57 

(Stevens, 2004). 58 

Although food-sharing is widely used to illustrate the peculiarities of apes, active 59 

giving is rare or ‘virtually absent’ in primates (de Waal, 1996) and almost exclusively 60 

restricted to the mother-infant relationship (Feistner & McGrew, 1986; Brown et al., 2004). In 61 

birds, active giving (also called ‘allofeeding’), is very common with regard to parent-62 

offspring (Wright & Leonard, 2002) and courtship feeding (Green & Krebs, 1995; Helfenstein 63 

et al., 2003; Velando 2004), which are well understood in terms of their function  and unlikely 64 

to involve complex cognitive mechanisms (de Kort et al., 2006). However, there are several 65 

other contexts of avian allofeeding. For example, trading food for extra-pair copulations (e.g. 66 

great grey shrikes Lanius excubior, Tryjanowski & Hromada 2005, or Montagu’s harrier 67 

Circus pygargus, Mougeot et al. 2006), sharing food with an affiliative partner other than the 68 

mate (e.g. Western scrub-jays Aphelocoma californica, de Kort et al. 2003, and rooks Corvus 69 

frugilegus, Emery, 2004, Emery et al., 2007), allofeeding subordinates to display the prestige 70 



Food sharing & social bonds in jackdaws 4 

(degree of dominance) of the donors (e.g. Arabian babblers Turdoides squamiceps, Kalishov 71 

et al., 2005) or provisioning unrelated young (e.g. king penguins, Aptenodtes patagonicus, 72 

Lecomte et al. 2006 and several co-operatively breeding species, such as Florida scrub jays 73 

Aphelocoma coerulescens, Woolfenden & Fitzpatrick, 1984; Curry, 1988). The return benefits 74 

for helpers in such co-operative breeders range from ‘paying to stay’ (Mulder & Langmore, 75 

1993; Kokko et al. 2002), to gaining breeding experience (Emlen; 1991) to increasing social 76 

status (Zahavi, 1990) or raising the likelihood of attaining breeding status in a communal 77 

territory (Woolfenden & Fitzpatrick, 1984; Curry, 1988).  78 

Another important function of food-sharing in birds may be to promote and strengthen 79 

bonds between specific individuals. The interaction between donor and recipient during food-80 

sharing seems to have a concomitant binding-effect (social-bond-hypothesis; Connor & Curry, 81 

1995; Emlen, 1991; Ligon & Ligon, 1978). Through allofeeding particular individuals, donors 82 

may foster the formation of ‘social bonds’, which will later benefit the donor, such as by 83 

promoting coalitions beneficial in competing for breeding positions (Ligon, 1983; Emlen, 84 

1991). This argument has been used to explain why helpers in some cooperatively breeding 85 

species, e.g. green woodhoopoes Phoeniculus purpureus (Ligon & Ligon, 1978, 1983) or 86 

Arabian babblers Turdoides squamiceps (Carlisle & Zahavi, 1986; Zahavi, 1990) compete to 87 

allofeed unrelated young or why some species even adopt (e.g. Arabian babblers; Zahavi, 88 

1990) or kidnap (e.g. white-winged choughs, Corocorax melanorhamphos; Heinsohn, 1991a) 89 

the offspring of others (Connor & Curry, 1995).  90 

In jackdaws (Corvus monedula), a semi-colonial, monogamous corvid species, 91 

immature birds have been found to actively give a significant proportion of their food to 92 

same-aged peers in the 2-3 months following fledging (de Kort et al., 2003, 2006). Frequent 93 

food-sharing among juvenile jackdaws appears to be confined to a limited period, involve kin 94 

and non-kin of the same age-class, and is not restricted to the opposite sex, thus precluding 95 
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explanations such as inclusive fitness and courtship feeding (Stevens & Gilby, 2004; de Kort 96 

et al., 2006). The function of this behaviour is not yet fully understood. 97 

Jackdaws form life-long pair-bonds (Henderson et al., 2000) and exhibit prolonged 98 

offspring care after fledging (Lorenz, 1931).  The social structure is composed of strongly 99 

bonded pairs which associate seasonally in nesting colonies or foraging flocks (Cramp & 100 

Perrins, 1994). After nest dispersal, families typically join large loosely associated juvenile-101 

family-flocks and migrate away from their nesting grounds (Dwenger, 1989). The family 102 

bonds weaken over the summer and the young jackdaws increasingly associate with other 103 

group members. Typically, they pair up in their first autumn (Lorenz, 1931). The members of 104 

a pair critically depend on one another, as partners mutually provide agonistic aid (A. von 105 

Bayern, unpublished data), and jointly acquire and defend limited resources, most importantly 106 

a nest hole for which competition may be very intense (Röell, 1978). Also, in conflict over 107 

food birds are more successful when their partner is near (Wechsler, 1988). Hence, finding a 108 

partner is a crucial step in a jackdaw’s life history, since their future direct and indirect fitness 109 

depends on this collaboration.  110 

A previous study by de Kort et al. (2006) on jackdaws tested the four main functional 111 

explanations for non-kin/non-courtship food-sharing as proposed for primates, namely food-112 

for-food reciprocity (Wilkinson, 1984), interchange (de Waal, 1989; Hemelrijik, 1990b; 113 

Mitani &Watts, 2001), harassment avoidance (Blurton Jones, 1987; Stevens & Stephens 2002; 114 

Stevens 2004) and prestige enhancement (Rijksen, 1978; Zahavi & Zahavi, 1997). Except for 115 

the prestige enhancement hypothesis, the study found consistencies with all explanations, but 116 

could not fully explain the food-sharing behaviour. Therefore, we extended the de Kort et al. 117 

(2006) study using a different group of hand-raised jackdaws to determine whether we could 118 

replicate the findings and better explain the function of food-sharing, in particular active 119 

giving, in immature jackdaws.  120 
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 121 

Materials and methods 122 

 123 

Subjects 124 

 125 

Ten nestling jackdaws were collected around Andechs, Bavaria, Germany between 16 and 24 126 

days post hatch with the permission of the Nature Conservation Authority, Upper Bavaria on 127 

May 28th 2004. The nestlings were hand-raised on a formula from D. Schmiedel, MPI 128 

Seewiesen (containing minced beef heart, curd, dried insects, vitamins and minerals) until 129 

they ceased to beg from their caretaker, up to 4 months old in some individuals. The group 130 

consisted of 7 females and 3 males, which in turn comprised 3 sibling pairs, 1 sibling triplet 131 

and 1 single nestling.   132 

At the start of the experiment the birds were approximately 9-10 weeks of age. For the 133 

duration of the experiment the birds were kept on a natural light regimen in a room (4.5m x 134 

6m x 3.5m) with large windows. At the end of the experiment, the birds were transferred to an 135 

outside aviary (10m x 10m x 3m). When the birds started to forage independently at around 6 136 

weeks old they received a maintenance diet of hand-raising formula, egg, rice and several 137 

cereals, seeds and fruit.  138 

 139 

Experimental feeding trials 140 

 141 

The jackdaws received 30 feeding trials each between July 29th and Sept. 22nd 2004. During 142 

every trial, each bird was given 10 pieces consecutively of a preferred food type (ca. 0.5cm x 143 

0.5cm), which was not part of their maintenance diet. The type of food, either Gouda cheese 144 

or apple was alternated between trials, while the maintenance diet was available ad libitum 145 
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throughout the experiment. Pre-experiment food preference tests determined that apple was 146 

less preferred than cheese. Five tests in which an equal number of cheese and apple pieces 147 

were simultaneously offered to the birds were conducted. During each test all the cheese 148 

pieces were eaten before the apple was touched. For each experimental trial, the birds were 149 

tested consecutively on the same day and the order of testing per day was pseudo-randomised.  150 

Following de Kort et al.’s (2006) methodology, we recorded during each trial and for 151 

every individual whether a food item was consumed, lost or transferred to another individual 152 

(whose identity was also recorded). de Kort et al. (2006) divided food transfers into two 153 

categories: recipient-initiated transfers and donor-initiated transfers. Although the 154 

categorisation is the same, donor-initiated transfers are hereafter referred to as active giving. 155 

This is because this study focuses on donor-initiated transfers (thus active giving) of which a 156 

further sub-division was made (Figure 1). Also for simplicity, recipient-initiated transfers are 157 

referred to as stealing. For stealing, we counted instances in which the ‘recipient’ ‘snatched’ a 158 

food piece while the ‘donor’ was still handling it, i.e. either tearing off food hanging out of its 159 

bill or seizing food held in its feet, which was not defended or retaliated by the ‘donor’. 160 

Insert Figure 1 About Here 161 

A transfer was regarded as active giving if the donor put the food item directly into the 162 

beak of the recipient. Active giving was sub-divided into (a) initiated by the donor and (b) 163 

initiated by the recipient, depending on who expressed its behaviour first and took the initial 164 

approach. In the former case, offering by the donor (D) precedes begging by the recipient (R) 165 

while in the latter case begging by the R precedes offering by the D (Table 1). In (a) the D 166 

performs a food offer display (FOD or offering; fluffing the elongated feathers of its filled 167 

throat pouch and presenting the pouch content in the beak by repeatedly disgorging and re-168 

swallowing it; Figure 2), typically accompanied by a feeding call (a characteristic damped call 169 

which is also heard when jackdaws provision their young or courtship-feed their mate; Lorenz 170 
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1931) approaching the R who then typically starts begging (gaping typically accompanied by 171 

distinctive begging behaviours like wing flutter and/or calls) in response. In (b) the R 172 

approaches the D first and begs, who then responds with a FOD and transfers the food. 173 

Insert Figure 2 about here 174 

Insert Table 1 about here 175 

To determine whether the frequency of food-sharing followed a specific 176 

developmental pattern, we combined trials 1-15 into Period I and trials 16-30 into Period II 177 

for analysis. The month following the experimental feeding trials (October 2004) during 178 

which opportunistic behavioural observations were continued (see below) was labelled Period 179 

III. 180 

 181 

Affiliative behaviour & affiliations 182 

 183 

To determine affiliative relationships between members of the group, daily 20 min 184 

behavioural observations were made at various times between 9 am and 7 pm throughout the 185 

duration of the experiment and the subsequent month. The following affiliative behaviours 186 

within the group were recorded: allopreening, joint attention (joint manipulation of objects 187 

and ‘directed interest’, which is observing another individual manipulating an object and then 188 

either joining in manipulating that object or taking it over once it has been dropped), seeking 189 

proximity (actively following and landing next to an individual), keeping proximity (perching 190 

within 15cm or exploring/foraging within 50cm of an individual), and allofeeding (active 191 

giving), food offers (FOD) and play-sharing (two individuals ‘pretend’ to share food: the 192 

donor displays and gives feeding calls as if its throat pouch was filled and the recipient 193 

responds with begging. Then the donor feigns to allo-feed the recipient, who simulates 194 

receiving food, even though nothing is transferred) occurring outside of the experimental 195 
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trials. Dyads in which two individuals spent over 30% of time in proximity were referred to as 196 

affiliated. Pairs in which both partners were keeping proximity for over 50% of the time were 197 

termed closely affiliated. In addition, we verified whether presumably affiliated individuals 198 

showed consistencies in the other recorded socio-positive behaviours described above. We 199 

used Wilcoxon Signed Rank tests to determine whether the frequency of interaction with the 200 

presumed affiliative partners differed significantly from the average frequency of interaction 201 

with all other individuals the subjects had interacted with. Sociograms were constructed 202 

which presented the interaction frequency between individuals as a percentage of the total 203 

number of observations recorded within the group depicting the prevailing interactions 204 

patterns.   205 

 206 

Reciprocity and interchange 207 

 208 

We also tested whether active giving was reciprocated by food or by another socio-positive 209 

behaviour (interchange) using the program Matrix tester (Hemelrijk, 1990a). Matrix tester 210 

tests for recurrent interactions between several individuals. These sorts of tests require matrix 211 

comparisons because the data points are not independent. We calculated the TauKr statistic as 212 

described in Hemelrijk (1990b), which provides a measure of correlation between cells in the 213 

matrix. Significance levels of the TauKr statistic are calculated with a random permutation 214 

test. All tests were conducted with 1000 permutations. In the TauKr calculation, each cell in 215 

the matrix is compared only to other cells in the same row and therefore corrects for 216 

individual variation between the actors in the matrix (which are divided in rows).  217 

 218 

Data analysis 219 

 220 
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Statistical tests were conducted using StatView version 5.0.1. Alpha was set at 0.05. 221 

Wilcoxon-Signed Rank tests were calculated by hand (Zar, 1999) to compare food transfer 222 

patterns during Period I and Period II, frequency of donor- versus recipient-initiated active 223 

giving occurring during the experimental trials and frequency of object- versus food-giving 224 

during the behavioural observations in Period I.  225 

 226 

 227 

Results 228 

 229 

Food transfers 230 

 231 

The jackdaws transferred 174 (5.8%) of 3000 total provided food pieces from one bird to 232 

another; 76 (2.53%) by active giving and 98 (3.27%) by stealing. The proportion of active 233 

giving of total food transfers was 43.68%, compared to 26% in de Kort et al. (2006). However 234 

the absolute number of donor-initiated transfers (active giving) was comparable to de Kort et 235 

al (2006). The average total number of items transferred was 18.2 items ± 10.88 SD (23 IQR) 236 

per bird.   237 

 238 

Effect of food type 239 

 240 

The birds did not transfer (actively give or steal) more cheese than apple pieces across all 241 

trials (Wilcoxon signed rank test; T = 18.5; N = 10; p � 0.5. However, significantly more 242 

apple pieces than cheese pieces were actively given (Wilcoxon signed rank test; T = 6.5; N = 243 

10; p � 0.05).  244 

 245 
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 246 

 247 

Initiation of active giving and the food-offer (sharing) display  248 

 249 

Active giving and begging (all instances of begging with and without subsequent transfer) by 250 

the R were positively correlated, (TauKr = 0.396; N = 10; p = 0.012), as Rs typically begged 251 

in response to the FOD prior to the active giving. Yet, active giving was initiated by the Ds 252 

more often than by the Rs: Ds approached recipients offering food first (68.2% of all cases of 253 

active giving) significantly more often than Rs approached Ds begging first (31.8% of the 254 

cases) (Wilcoxon-Signed-Rank; T = 0; N=10; p � 0.005; Figure 3).  Nine (11.8 %) actively 255 

given pieces of food were not eaten by the R. Five (6.6 %) pieces were just played with or 256 

hidden and in four cases (5.3%) the food-piece was passed onto another individual (who in 257 

two instances returned it to the previous D). 258 

Insert Figure 3 about here 259 

 260 

Developmental pattern  261 

 262 

There was a marked decrease in the frequency of active giving across trials, which almost 263 

ceased in the second part of the experiment, when the birds were 3 months old (Figure 4). 264 

Active giving decreased from 38.5% of the total transferred pieces in Period I to 3.3% in 265 

Period II. During Period I, significantly more food pieces were actively given than during 266 

Period II (Wilcoxon Signed Rank; T = 0; N=10; p � 0.005.  By comparison, stealing did not 267 

differ significantly between Period I and II (Wilcoxon Signed Rank; T = 27; N = 10; p � 0.5) 268 

with 29.3.0% of the total transferred pieces in Period I and 27.0% in Period II. During Period 269 

I, levels of active giving did not differ significantly from stealing (Wilcoxon Signed Rank; T 270 
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= 21; N = 10; p � 0.5) whilst in Period II, there was significantly more stealing than active 271 

giving (Wilcoxon Signed Rank; T = 3; N = 10; p � 0.01). There was a significant reduction in 272 

the number of allofeeding (active-giving) partners per individual from Period I to Period II 273 

(Wilcoxon Signed Rank; T = 3.5; N = 10; p � 0.02). 274 

Insert Figure 4 about here 275 

 276 

Food-sharing partners, affiliations and subsequent pairing  277 

 278 

During Period I, four regular and three strong affiliative relationships (both individuals spent 279 

>30 % or >50 % of proximity observations close to their partner) were apparent, which 280 

conformed to the patterns of active giving intensity in the experiment; four affiliative 281 

relationships were between females, three of which were simultaneously affiliated with a male 282 

(Figure 5 & 6). Subsequently, concurrent with the decline and consistent with the patterns of 283 

active giving in the experiment in Period II, the number of affiliative relationships in the 284 

group decreased as three heterosexual bonds and two female-female bonds crystallised. Apart 285 

from one case in which a female paired up with a male but remained simultaneously affiliated 286 

with another female, bonds became exclusive to one specific individual. During Period III, the 287 

month following the experiment, these bonds appeared to have become established and 288 

continued into the subsequent year. The heterosexual pairs made breeding attempts and 289 

incubated eggs the following breeding season. 290 

Insert Figures 5 & 6 about here 291 

Individuals took part in socio-positive interactions significantly more often with their 292 

affiliative partner than with an average interactant. This was evident for ‘seeking proximity’ 293 

(Wilcoxon Signed Rank test;  T = 0; N = 10; p � 0.005), ‘joint attention’ in Period I 294 

(Wilcoxon Signed Rank test, T = 0; N = 10; p � 0.005) and Period III (Wilcoxon Signed Rank 295 
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test: T = 0; N = 10; p � 0.005) and allofeeding (active giving) observed outside the experiment 296 

during Period I (Wilcoxon Signed Rank test; T = 0; N = 10; p � 0.005) and Period III 297 

(Wilcoxon Signed Rank test; T = 1; N = 10; p � 0.005;). Allofeeding, food offers, play-298 

sharing and allopreening in Period III took place exclusively between affiliated individuals. 299 

 300 

Reciprocity and correlations with socio-positive behaviours (interchange) 301 

 302 

There was a significant indication of reciprocity in active giving (TauKr = 0.386; N = 10; p = 303 

0.012), but not for stealing (TauKr = -0.062; N = 10; p = 0.65). Active giving correlated with 304 

other socio-positive behaviours recorded during ad lib observations. ‘Seeking proximity’ was 305 

strongly correlated with active giving (TauKr = 0.535; N = 10; p = 0.001), as was ‘joint 306 

attention’ (TauKr= 0.324; N = 10; p = 0.009), ‘remaining in proximity’ (TauKr = 0.399; N = 307 

10; p = 0.003), ‘food offers’(food offer display without subsequent food transfer) (TauKr = 308 

0.757; N = 10; p = 0.001) and ‘allo- and play-sharing’ (TauKr = 0.731; N = 10; p = 0.001).  309 

 310 

Object-giving and food-giving 311 

 312 

During opportunistic behavioural observations during Period I (data were only recorded in 313 

this period), active giving of small objects as well as of food was recorded. Objects were 314 

offered and actively given to other birds in the same manner as food, using the food offer-315 

display (with or without feeding calls). Object-giving was more frequent than food-giving 316 

(Wilcoxon Signed Rank test; T = 1; N = 10; p � 0.005; Figure 7). There was also significantly 317 

more begging for objects (Wilcoxon Signed Rank test, T = 0; N = 10 p � 0.005) and more 318 

advertising and offering (food offer display) for objects than food (Wilcoxon Signed Rank 319 

test, T = 0; N = 10; p � 0.005). 320 
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Insert Figure 7 about here 321 

 322 

Discussion 323 

 324 

Our data show that food- and object-sharing, which strongly correlates with other socio-325 

positive behaviours, peaks in the 2 months period post-fledging when relationships among the 326 

juvenile jackdaws are still developing, and that food-sharing decreases by the time that 327 

individuals have formed a bond with one affiliative partner. Throughout this developmental 328 

phase, juveniles seemed motivated to give, as the initiative of active giving was 329 

predominantly with the donor who actively approached recipients advertising food by a 330 

distinctive display. Our results suggest that the adaptive function of active giving for 331 

immature jackdaws, which have to integrate into a monogamous society where singletons are 332 

likely to be highly disadvantaged, may be to facilitate the formation of affiliative or pair-333 

bonds early in life. 334 

Viewed in conjunction with the food-sharing behaviour of juvenile jackdaws, three 335 

principles/hypotheses may support the idea that allofeeding promotes the formation of ‘social 336 

bonds’ (affiliative or pair-bonds); the handicap principle of costly signalling collaborative 337 

‘intent’ or ‘quality’ (A. Zahavi, Dec. 28th, 2006, pers. comm.), the ‘declaring commitment’ 338 

principle (Simpson, 1991), and the ‘social-bond’- or ‘coalition-formation- hypothesis’ (Ligon 339 

& Ligon, 1978). 340 

  The handicap principle (Zahavi, 1975), states that an altruistic action may serve as a 341 

signal, whereby its evident cost constitutes an investment (handicap) that warrants the 342 

reliability of the signal. Food donations have been found to be costly signals of quality or 343 

social status in several species. Since the costly signalling principle may also apply to convey 344 

‘intent to collaborate’ and attract collaborator(s) (A. Zahavi, Dec. 28th, pers. comm.), food 345 
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offers may as well advertise the motivation of the signaller to cooperate. From this 346 

perspective, food-sharing behaviour may be viewed as an investment in a (future) 347 

collaboration or in other words, a social bond.  348 

A second mechanism for strengthening a partnership may be that by sharing food, 349 

donors selectively attend to a specific individual and may so declare their commitment to that 350 

collaboration (Simpson, 1991).  351 

A third mechanism might be that the very act of food-sharing itself may exert some 352 

concomitant bonding effect. Ligon & Ligon (1978) suggest that provisioning at the nest 353 

cements a tight social bond between helper and helpee in some cooperatively breeding birds. 354 

How exactly this works is not clear, but processes related to reward systems in the brain are 355 

likely to be involved. So far, brain mechanisms responsible for the development and 356 

maintenance of social bonds are not well understood (Lim & Young, 2006). Yet, studies of 357 

mammals have revealed that some behaviours induce a suite of neurobiological processes 358 

which are crucial for social bond formation e.g. sexual intercourse in monogamous prairie 359 

voles is essential for pair-bonding in this species (Lim & Young, 2006).   360 

  We suggest that the frequent food-sharing behaviour demonstrated by young jackdaws 361 

plays an important role in the formation of affiliative bonds with other group members 362 

following nest dispersal, for several reasons.  363 

First, it is conceivable from jackdaw ecology that young jackdaws are under pressure 364 

to find a partner early in life (even before sexual maturity) in order to succeed in a strongly 365 

monogamous society and establish and jointly defend a position in the dominance hierarchy 366 

(Roëll, 1978; Henderson et al., 2000). One predominant selection pressure for early pair-bond 367 

formation may be the high competition for nest-holes, which can only be defended 368 

successfully through collaboration with a partner (Röell, 1978). Jackdaws that lose their 369 

partner invariably fail their brood as the nest is usually overtaken by other pairs (Röell, 1978). 370 
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Thus, the 3 months following nest dispersal and prior to the dissolving of the family-bond in 371 

late summer may represent a critical socialisation period.  372 

Young jackdaws stay together with their parents who guide their fledglings for another 373 

6 weeks (Lorenz, 1931) and join larger mixed juvenile-adult flocks consisting of several 374 

families (Dwenger, 1989). In such flocks, the juveniles’ food-sharing motivation may ease the 375 

initiation of socio-positive interactions with their new peers, hence serving their 376 

familiarisation with others and social integration in a newly forming group.  377 

Second, food-sharing behaviour peaks in those seemingly critical first 2 months post-378 

fledging (de Kort et al., 2006) and seems to be a fixed component of jackdaw development. 379 

The frequency of food-sharing steadily declines until it reaches the levels of mature pair-380 

bonded jackdaws (de Kort et al., 2006). This decline reflects the increasing selectivity of 381 

those food-sharing interactions as social bonds crystallise. Whilst the birds initially share food 382 

indiscriminately with several partners of both sexes, they gradually become more selective 383 

with whom they share (de Kort et al., 2006) until they exclusively share food with one (or two) 384 

individual(s). Those food-sharing relationships may be equated with affiliative relationships 385 

as food-sharing partners preferentially associated with each other and interacted socio-386 

positively. In most cases, such food-sharing affiliations remained consolidated and, if they 387 

were heterosexual, mated subsequently. The same-sex affiliative relationships that emerged 388 

indicate that alternative bonds may be important when heterosexual partners are unavailable 389 

or lost. This is common in several gull and geese species (Conover & Hunt, 1984; VanRhijn 390 

& Groothuis, 1985; Shugart et al., 1988; Huber & Martys, 1993; Hunt & Hunt, 1997; Nisbet 391 

& Hatch, 1999; Kotrschal et al., 2006). 392 

Third, reconciling with Zahavi (Dec. 28th, 2006, pers. comm.) and Simpson (1991), 393 

our data show that the initiative for food-offering was primarily with the donor, indicating 394 

that donors were motivated to give food seemingly to display their quality. Donors actively 395 
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offer and advertise food by displaying their filled throat poach, producing a specific feeding 396 

call and approaching and following the recipient, who in most cases only starts begging in 397 

response to this display.  398 

In fact, donors appear to be controlled by a powerful internal motivation to give 399 

(Wickler, 1966). The entire food-sharing behaviour, which is indistinguishable from the 400 

courtship-feeding of adult jackdaws, emerges around 5 weeks after hatching (Lorenz, 1931) 401 

and fulfils the criteria of a ritualised display (Huxley, 1914; Eibl-Eibesfeldt, 1999; Zahavi, 402 

1980). During the ritualisation process, the behaviour typically gains signalling character and 403 

undergoes a drastic change of function (Huxley, 1914; Wickler, 1966). This is the case for 404 

most avian courtship displays, including that of jackdaws and other corvids (Lorenz, 1931; 405 

Gwinner, 1964; Heinrich, 1988), which may originally have derived from the parent-offspring 406 

feeding context (Eibl-Eibesfeldt, 1966).  407 

Accordingly, the motivation to share food appears to be, at least to some degree, 408 

detached from nutrition. The intrinsic motivation (Wickler, 1966) of immature jackdaws to 409 

give to others may be so strong that the birds perform the behaviour either by sharing small 410 

objects instead of food or by not transferring anything at all, performing only the actions of 411 

sharing (‘play-sharing’). What is remarkable about the latter is that both individuals appear to 412 

‘pretend’ to share food. The donor looks as if its throat pouch is filled with food and the 413 

recipient behaves as if it receives food from the donor. This may be a form of interactive play 414 

(Diamond & Bond, 2003). Thus, the mere ‘act’ of giving itself seemed to engage individuals 415 

in interaction, also without food reward and apparently regardless of whether the recipient is 416 

hungry or not. Also, recipients did not always eat their received food item, but sometimes just 417 

play with it, hide it or even actively give it to yet another individual (occasionally it was even 418 

returned to the donor). The detachment from hunger levels may highlight the drastic change 419 
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of function that occurred during ritualisation; from transferring nutritional value to attracting 420 

the attention of potential partners by signalling the intention to collaborate (Zahavi, 2004).  421 

Having argued that forming social attachments may functionally explain food-sharing 422 

among young jackdaws, we will now discuss our results in conjunction with de Kort et al.’s 423 

(2006) study, which tested the predictions about the key evolutionary explanations for food-424 

sharing in primates. Earlier consistencies with the reciprocity and interchange hypotheses of 425 

de Kort et al.’s (2006) study are also compatible with our data, but in the following we 426 

explain why we consider them as by-products rather than likely functional explanations of 427 

active giving in jackdaws. We did not find support for the harassment avoidance hypothesis, 428 

but we could reconcile our results with a costly signalling hypothesis.  429 

First, high levels of food-sharing among juvenile jackdaws is a temporary 430 

phenomenon. Direct reciprocity makes it is difficult to explain why food-sharing among 431 

jackdaws decreases after 2 months; neither need of food nor food availability seem to change 432 

in that period. In a wider sense however, the theory of reciprocity suggests that a cooperative 433 

act increases the probability of benefiting from some form of cooperation in future 434 

interactions (Trivers, 1971). Thus, if specific individuals interact repeatedly this may result in 435 

the formation of a social bond (Ligon & Ligon, 1987) with fitness benefits for both parties. 436 

Hence, bonds or collaborations are characterised by some form of reciprocal benefit, but 437 

whether the interactants bonded in order to reciprocate or for selfish reasons (mutualism) 438 

remains open to debate. Another weakness of the reciprocity hypothesis is that it cannot 439 

separate cause and effect in socially-bonded animals. It could always be that observed effects 440 

e.g. interchange of food in another currency (such as allo-preening) are a by-product of 441 

affiliation and proximity rather than the driving force of those behaviours.  442 

Second, the harassment avoidance hypothesis (Stevens, 2004) suggests that mutualism 443 

instead of reciprocal altruism accounts for the food-sharing phenomenon as both parties 444 



Food sharing & social bonds in jackdaws 19 

(donor and recipient) immediately and directly benefit from sharing (Blurton Jones, 1987; 445 

Stevens & Stevens, 2002; Stevens, 2004). The recipient benefits because it obtains food while 446 

the donor benefits because it can consume its remaining food without being further harassed 447 

by the beggar. In comparison with the current data, de Kort et al. (2006) found evidence in 448 

support of the harassment avoidance hypothesis because there was a positive correlation 449 

between active giving and begging. However, de Kort et al. (2006) recorded just whether 450 

active giving was preceded by begging or not. However, we found that even if a transfer was 451 

preceded by begging, it could still have been initiated by the donor: food-sharing interaction 452 

very often comprised begging behaviour, yet mostly in response to the food offer display of 453 

the donor, prior to the actual active giving. Therefore, we recorded exactly when begging 454 

occurred, i.e. prior to or after the approach and food offer of the donor. Since there were 455 

significantly more donor-initiated than receiver-initiated examples of active giving, we did 456 

not find support for the harassment avoidance hypothesis.  457 

Finally, de Kort et al.’s (2006) study did not support the idea of food-sharing as a 458 

costly social signal, either as prestige-enhancing (Zahavi, 1975, 1990) or as dominance-459 

affirming (Rijksen, 1978). Here, the prediction that transfers should only occur from 460 

dominants to subordinates and not vice versa, did not hold.  However, costly signalling may 461 

not be limited to group-directed social status signals (Gurven, 2004). A social signal can be 462 

equally directed towards an individual or carry twofold messages directed simultaneously 463 

towards an individual and the group. For example, most avian courtship displays may 464 

function in attracting a mate whilst at the same time deterring rivals (Armstrong, 1965). In the 465 

case of juvenile jackdaws, we propose that food offers may be costly signals which are 466 

directed at potential social partner(s), thus enhancing the donor’s prestige to the respective 467 

receiver as well as to the group. 468 
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Future studies on wild populations will be important for determining whether food-469 

sharing is essential for social bond formation among juvenile jackdaws in the wild as it 470 

appears to be for captive juvenile jackdaws. Although it should be bore in mind that the 471 

current study was conducted with a hand-raised, captive group, the observed high frequency 472 

of food-sharing seemed to be independent of the sex-ratio; despite having a female-biased 473 

sex-ratio our Bavarian group exhibited the same behaviours around the same age as our 474 

Cambridge group with a reverse skewed sex-ratio. Also, there appeared to be no 475 

geographical/cultural differences between the two groups. Although it will be important to 476 

verify such results in the wild, investigations into the mechanisms of food-sharing and the 477 

exact development and socialisation of juvenile jackdaws can only be achieved by using a 478 

controlled experimental paradigm on captive birds.  479 

 480 

 481 

Acknowledgements 482 

 483 

This study was supported by grants from the BBSRC, the Royal Society and the Department 484 

of Zoology, University of Cambridge. A. von Bayern was supported by studentships from the 485 

BBSRC and the German Academic Exchange Service (DAAD), as well as bursaries from the 486 

Cambridge European Trust and the Balfour Fund, Department of Zoology, Cambridge. S. de 487 

Kort was supported by a BBSRC grant to N. Clayton and A. Dickinson, and a Schlumberger 488 

Interdisciplinary Research Fellowship at Darwin College. N. Emery was supported by a Royal 489 

Society University Research Fellowship. We thank Irmingard and Ludwig von Bayern for 490 

hosting this study, Dedda and Alto Höss for help in hand-raising the birds and Dr. Fries for 491 

veterinary advice. We are grateful to Ferdinand Lippe, Louis and Julian Rönsberg for 492 

constructing the aviaries.  We thank Amotz Zahavi for comments on an earlier version of the 493 



Food sharing & social bonds in jackdaws 21 

manuscript and for discussion. This work conformed to all United Kingdom and University of 494 

Cambridge regulations on the use of animals in research. 495 

 496 

References 497 

 498 

Armstrong, E. A. (1965). Bird display and behaviour: An introduction to the study of bird 499 

psychology. Dover Publications, Inc., New York. 500 

Blurton Jones, N. (1987). - Tolerated theft, suggestions about the ecology and evolution of 501 

sharing, hoarding and scrounging. - Soc. Sci. Info. 26: 31-54. 502 

Brown, G.R., Almond, R.E.A. & van Bergen, Y. (2004). Begging, stealing and offering: food 503 

transfer in nonhuman primates. – Adv. Stud. Behav. 34: 265-295.  504 

Carlisle, T.R. & Zahavi, A. (1986). Helping at the nest, allofeeding and social status in 505 

immature Arabian babblers. – Behav. Ecol. Sociobiol. 18: 339-351. 506 

Conover, M.R. & G.L. Hunt (1984). Experimental evidence that female-female pairs in gulls 507 

result from a shortage of breeding males. - Condor 86: 472-476. 508 

Cramp, S. & Perrins, C.M., eds (1994). The handbook of the birds of Europe and the Middle 509 

East and North Africa: the birds of the Western Palearctic. - Oxford University Press, 510 

Oxford. 511 

Curry, R.L. (1988). Influence of kinship on helping behavior in Galapagos mockingbirds. - 512 

Behav. Ecol. Sociobiol. 22: 141–152. 513 

Connor, R.C. & Curry R.L. (1995). Helping non-relatives: a role for deceit? - Anim. Behav. 514 

49: 389–393. 515 

Diamond, J. & Bond, A. B. (2003). A comparative analysis of social play in birds. - 516 

Behaviour 140: 1091-1115. 517 

Dwenger, R., ed. (1989). Die Dohle. - A. Ziemsen Verlag, Wittenberg Lutherstadt. 518 



Food sharing & social bonds in jackdaws 22 

Eibl-Eibesfeldt, I. (1966). Ethologie, die Biologie des Verhaltens. – In: Handbuch der 519 

Biologie (Gessner, F. & v. Bertalanffy, F., eds). Athenaion, Frankfurt, p.341-559. 520 

Eibl-Eibesfeldt, I., ed. (1999). Grundriß der vergleichenden Verhaltensforschung.-Piper, 521 

München. 522 

Emery, N.J. (2004). Are corvids 'feathered apes'? Cognitive evolution in crows, jays, rooks 523 

and jackdaws. – In: Comparative analysis of minds. (Watanabe, S., ed.). Keio 524 

University Press, Tokyo, p.181-213. 525 

Emery, N. J., Seed, A. M., von Bayern, A. M. P. & Clayton, N. S. (2007). Cognitive 526 

adaptations of social bonding in birds. - Phil. Trans. Roy. Soc. B. 527 

Emlen, S.T. (1991). Evolution of cooperative breeding in birds and mammals. - In: 528 

Behavioural ecology, 3rd edn (Krebs, J.R. & Davies, N.B., eds). Blackwell Scientific 529 

Publications, Oxford, p. 301–335. 530 

Feistner, A.T. & McGrew, W.C. (1986). Food-sharing in primates: a critical review. - In: 531 

Perspectives in primate biology Vol. 3 (Seth P.K. & Seth, S., eds). Today and 532 

Tomorrow's Printers and Publishers, New Delhi, p. 21-36.  533 

Green, D.J. & Krebs, E.A. (1995). Courtship feeding in ospreys Pandion Haliaetus – a 534 

criterion for mate assessment. – Ibis 137(1): 35-43. 535 

Gurven, M. (2004). To give and to give not: the behavioural ecology of human food transfers.  536 

- Behav. & Brain Sci. 27(4): 543-559 537 

Gwinner, E. (1964).Untersuchungen über das Ausdrucks- und Sozialverhalten des Kolkraben 538 

(Corvus corax). – Z. Tierpsych. 21: 657-748. 539 

Heinrich, B. (1988). Food-sharing in the raven Corvus corax. – In: The ecology of social 540 

behavior (Slbodchikoff, C.N., ed). Academic Press, San Diego, p. 285-311.  541 

 Heinsohn, R.G. (1991a). Kidnapping and reciprocity in cooperatively breeding white-winged 542 

choughs. - Anim. Behav. 41: 1097–1100. 543 



Food sharing & social bonds in jackdaws 23 

Helfenstein, F., Wagner, R.H., Danchin, E. & Rossi, J.M. (2003). Functions of courtship 544 

feeding in black-legged kittiwakes: natural and sexual selection. – Anim. Behav.65: 545 

1027-1033. 546 

Hemelrijk, C.K. (1990a). A matrix partial correlation test used in investigations of reciprocity 547 

and other social-interaction patterns at group level. - J. Theor. Biol. 143: 405-420. 548 

Hemelrijk, C.K. (1990b). Models of, and tests for, reciprocity, unidirectionality and other 549 

social-interaction patterns at a group level. – Anim. Behav. 39: 1013-1029. 550 

Henderson, I.G., Hart, P.J.B. & Burke, T. (2000). Strict monogamy in a semi-colonial 551 

passerine: the jackdaw Corvus monedula. - J. Avian Biol. 31: 177-182. 552 

Huber, R. & Martys, M. (1993). Male-male pairs in greylag geese (Anser-anser). – J. für 553 

Ornithol. 134(2): 155-164. 554 

Hunt, G.L. & Hunt, M.W. (1977). Female-female pairing in western gulls (Larus occidentalis) 555 

in Southern-California. - Science 196(4297): 1466-1467.c. 556 

Huxley, J.S. (1914). The courtship-habits of the great grebe (Podiceps cristatus) with an 557 

addition to the theory of sexual selection. - Proc. Zool. Soc. Lond. 35: 491-562. 558 

Kalishov, A., Zahavi, A. & Zahavi, A. (2005). Allofeeding in Arabian babblers (Turdoides 559 

squamiceps). - J. Ornith. 146: 141-150. 560 

de Kort, S.R., Emery, N.J. & Clayton, N.S. (2003). Food offering in jackdaws (Corvus 561 

monedula). - Naturwissenschaften 90: 238-240. 562 

de Kort, S.R., Emery, N.J. & Clayton, N.S. (2006). Food sharing in jackdaws, Corvus 563 

monedula: what, why and with whom? - Anim. Behav. 72, 297-304. 564 

Kotrschal, K., Hemetsberger, J. & Weiss, B. (2006). Making the best of a bad situation: 565 

homosociality in male greylag geese. - In: Homosexuality in animals (Sommer, V. & 566 

Vasey, P. L., eds). Cambridge University Press, Cambridge, p. 45-76.  567 



Food sharing & social bonds in jackdaws 24 

Lecomte, N., Kuntz, G., Lambert, N., Gendner, J.P., Handrich, Y., Le Maho, Y. & Bost, C.A. 568 

(2006). Alloparental feeding in the king penguin. - Anim. Behav. 71:457-462. 569 

Ligon, D.L. (1983). Cooperation and reciprocity in avian social systems. - Am. Nat. 121, 570 

366–384. 571 

Ligon, D.L. & Ligon, S.H. (1978). Communal breeding in green woodhoopoes as a case for 572 

reciprocity. – Nature 276: 496–498. 573 

Ligon, D.L. & Ligon, S.H. (1983). Reciprocity in the green woodhoopoe (Phoeniculus 574 

purpureus). - Anim. Behav. 31: 480–489. 575 

Lim, M.M. & Young, L.J. (2006). Neuropeptidergic regulation of affiliative behaviour and 576 

social bonding in animals. – Horm. Behav. 50: 506-517. 577 

Lorenz, K.  (1931) Beiträge zur Ethologie sozialer Corviden. - J. für Ornithol. 79:67-127. 578 

Mitani, J.C. & Watts, D.P. (2001). Why do chimpanzees hunt and share meat? – Anim. Behav. 579 

61: 915-924.  580 

Mougeot, F., Arroyo, B.E. & Bretagnolle, V. (2006). Paternity assurance responses to first-581 

year and adult male territorial intrusions in a courtship-feeding raptor. - Anim. Behav. 582 

71: 101-108. 583 

Nisbet, I. C. T. & Hatch, J. J. (1999). Consequences of a female-biased sex-ratio in a socially 584 

monogamous bird: female-female pairs in the roseate tern Sterna dougallii. - Ibis 141: 585 

307-320. 586 

Rijksen, H. (1978). Hunting behaviour in hominids: some ethological aspects. - In: Recent 587 

advances in primatology, Vol. 3: Evolution (Chivers, D. & Joysey, K., eds). Academic 588 

Press, London, p. 499-502. 589 

Roëll, A. (1978). Social behaviour of the jackdaw, Corvus monedula, in relation to its niche. - 590 

Behaviour 54: 1-124.  591 



Food sharing & social bonds in jackdaws 25 

Shugart, G.W., Fitch, M.A. & Fox, G.A. (1988). Female pairing - a reproductive strategy for 592 

herring-gulls. - Condor 90: 933-935. 593 

Simpson, M.J.A. (1991). On declaring commitment to a partner. – In: The development and 594 

integration of behaviour: essays in honour of Robert Hinde (Bateson, P. P. G., ed.). 595 

Cambridge University Press, Cambridge, p. 271-293. 596 

Stanford, C. B. & Bunn, H. T. (1999). Meat eating and hominid evolution. – Curr. Anthropol. 597 

40: 726-728. 598 

Stevens, J.R. (2004). The selfish nature of generosity: harassment and food-sharing in 599 

primates. - Proc. Roy. Soc. B. 271: 451-456. 600 

Stevens, J.R. & Gilby, I.C. (2004). A conceptual, framework for nonkin food-sharing: timing 601 

and currency of benefits. – Anim. Behav. 67: 603-614. 602 

Stevens, J.R. & Hauser, M.D. (2004). Why be nice? Phsychological constraints on the 603 

evolution of cooperation. - Trends Cogn. Sci. 8: 60-65. 604 

Stevens, J.R. & Stephens, D.W. (2002). Food-sharing: a model of manipulation by 605 

harassment. - Behav. Ecol. 13: 393-400. 606 

Trivers, R.L. (1971). The evolution of reciprocal altruism. – Q. Rev. Biol. 46: 35-57. 607 

Tryjanowski, P. & Hromada, M. (2005). Do males of the great grey shrike, Lanius excubitor, 608 

trade food for extra pair copulations? - Anim. Behav. 69: 529-533. 609 

Van Rhijn, J. & Groothuis, T. (1985). Biparental care and the basis for alternative bond-types 610 

among gulls, with special reference to black-headed gulls. - Ardea 73: 159-174. 611 

Velando, A. (2004). Female control in yellow-legged gulls: trading paternity assurance for 612 

food. - Anim. Behav. 67: 899-907. 613 

de Waal, F.B.M. (1989). Food-sharing and reciprocal obligations among chimpanzees. – J. 614 

Hum. Evol. 18: 433-459. 615 



Food sharing & social bonds in jackdaws 26 

de Waal, F.B.M., ed. (1996). Good natured: the origins of right and wrong in humans and 616 

other animals. - Harvard University Press, Cambridge, MA.  617 

de Waal, F.B.M. (1997a). Food transfers through mesh in brown capuchins. – J. Comp. Psych. 618 

111: 370-378. 619 

Wechsler, B. (1988). Dominance relationships in jackdaws (Corvus monedula). - Behaviour 620 

106: 252-264. 621 

Wickler, W. (1966). Ursprung und biologische Bedeutung des Genitalpräsentierens 622 

männlicher Primaten. - Z. Tierpsych. 23: 422-437. 623 

Wilkinson, G. S. (1984). Reciprocal food sharing in the vampire bat. - Nature 308: 181-184. 624 

Wechsler, B. (1988). Dominance relationships in jackdaws (Corvus monedula). - Behaviour 625 

106: 252-264. 626 

Woolfenden, G.E.  & Fitzpatrick, J.W., eds (1984). - The Florida scrub jay. Princeton 627 

University Press, Princeton, New Jersey. 628 

Wright, J. & Leonard, M.L., eds (2002). - The evolution of nestling begging: competition, 629 

cooperation and communication. Kluwer Academic Press, Dordrecht. 630 

Zahavi, A. (1975). Mate selection: a selection for a handicap. – J. Theor. Biol. 53: 205-214. 631 

Zahavi, A. (1980). Ritualisation and the evolution of movement signals. - Behaviour 72: 1-2. 632 

Zahavi, A. (1990). Arabian babblers: the quest for social status in a cooperative breeder. - In: 633 

Cooperative breeding in birds: long-term studies of ecology and behaviour (Stacey 634 

P.B. & Koenig W.D., eds). Cambridge University Press, Cambridge, p. 103-130. 635 

Zahavi, A. & Zahavi, A., eds (1997). - The handicap principle: the missing piece of Darwin’s 636 

puzzle. - Oxford University Press, New York. 637 

Zahavi, A. (2004). The details of food-sharing interactions - their cost in social 638 

 prestige. - Behav. Brain Sci. 27(4): 570. 639 

Zar, J.H., ed. (1999). Biostatistical Analysis, 3rd edn. – Prentice Hall, New Jersey. 640 



Food sharing & social bonds in jackdaws 27 

 641 

Figure Legends 642 

 643 

Figure 1: Schematic representation of the different stages of a food sharing interaction 644 

(Initiation, Response and Result), depending on whether the interaction is donor- 645 

(upper panels) or recipient-initiated (lower panels). Donor-initiated transfers begin 646 

with a Food offer Display (FOD), then the recipient either begs or does not beg. This 647 

either leads to active giving by the donor or no response. Recipient-initiated transfers 648 

begin with begging by the recipient, to which the donor either produces a FOD or no 649 

response, and this then either leads to active giving or no response. Drawings by A. 650 

von Bayern.   651 

Figure 2: Examples of the jackdaw food-offer display. Top left – Juvenile with empty throat 652 

pouch. Top right – Juvenile with filled throat pouch. Bottom left – Adult food offer 653 

display. Bottom right – Adult displaying food; food is repeatedly moved from pouch 654 

to tip of beak and back again. Photograph by A. von Bayern. 655 

Figure 3: Median (with IQR, 25th and 75th percentile) number of food pieces transferred via 656 

active giving that were either initiated by the donor (i.e. D approaches and offers first 657 

by a FOD) or initiated by the recipient (i.e. R approaches first and begging precedes 658 

FOD by D). Error bars mark the 10th and 90th percentiles and dots represent outliers 659 

below and above them. Asterisks represent p <0.05. 660 

Figure 4: Median (with IQR, 25th and 75th percentile) number of food pieces that were 661 

actively given or stolen during Period I and Period II. Error bars mark the 10th and 662 

90th percentiles and dots represent outliers below and above them. Asterisks represent 663 

p <0.05. 664 
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Figure 5: Sociograms depicting the direction and frequency of active giving during 665 

behavioural observation during (a) Period I and (b) Period III. Each circle denotes an 666 

individual jackdaw, and the arrows denote the interactions between individuals. The 667 

shading of the circles represent sex (grey = male; white = female). Lettering within 668 

each circle identifies individuals and highlights kinship; i.e. identical first letters 669 

designate siblings. The weighting of the arrows indicates frequency of interactions as 670 

a percentage of the total occurrence of the behaviour within the group; these values are 671 

represented on the figure. The broken circle around pairs of individuals denotes the 672 

apparent affiliative relationships. Filled arrows denote actual affiliative interactions. 673 

Figure 6: Sociograms depicting the distribution and frequency of proximity during 674 

behavioural observation during (a) Period I and (b) Period III. Each circle denotes an 675 

individual jackdaw, and the arrows denote the interactions between individuals. The 676 

shading of the circles represent sex (grey = male; white = female). Lettering within 677 

each circle identifies individuals and highlights kinship; i.e. identical first letters 678 

designate siblings. The weighting of the arrows indicates frequency of interactions as 679 

a percentage of the total occurrence of the behaviour within the group; these values are 680 

represented on the figure. The broken circle around pairs of individuals denotes the 681 

apparent affiliative relationships. Broken arrows denote abandoned previous affiliative 682 

bonds (i.e. where the frequency of interactions dropped below 5% of the total 683 

interactions). Filled arrows denote actual affiliative interactions. 684 

Figure 7: Median (with IQR, 25th and 75th percentile) frequency of begging, offering (FOD) 685 

and active giving between food and objects during behavioural observations in Period 686 

I. Error bars mark the 10th and 90th percentiles and dots represent outliers below and 687 

above them. Asterisks represent p <0.05. 688 
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Table 1: Ethogram of food-sharing behaviours 689 

 690 
 

Food-sharing = active or passive food transfers 
 

 
Stealing 

- a recipient-initiated transfer 
(passive) 

 

 
An individual takes food which is being handled by the donor 
(D), either by tearing off food hanging out of the donor’s bill or 
by seizing food held in their feet. 

 
Active giving  (AG)  

- a donor-initiated transfer 
(active) 

 
   a) donor-initiated AG 

b) recipient initiated AG 
 

 
The D puts food (or small objects) directly into the beak of the 
recipient (R) after having offered it by a FOD. 

a) the D approaches the R first (offering precedes begging) 
b) the R approaches the D first (begging precedes offering) 
            

see Table 2 
 

 
 
 
 

Food offer display (FOD) 
offering 

 
Expresses motivation of the D to share food: the donor actively 
advertises that he carries food by displaying its filled throat 
pouch (fluffing its elongated feathers) and showing the food in 
the beak (by repeatedly disgorging and re-swallowing the pouch 
content). 
Typically the D also produces a specific ‘damped’ feeding call 
and approaches and follows the R who mostly starts begging in 
response to this display. 
 

 
 

  Begging 

 
Begging always involves gaping and typically also begging calls 
and/or begging gestures, i.e. fluffed head-feathers and wing 
flutter. It is an infantilised behaviour which resembles the 
begging of jackdaw chicks from their parents.  
 

 
 
 

Play-sharing 

 
Two individuals ‘pretend’ to share food: the D displays and 
produces feeding calls as if its throat pouch was filled and the 
R responds with begging. Then the D feigns to allofeed the R, 
who simulates receiving food, even though nothing is 
transferred 
 

 691 
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Figure 1:  698 

 700 

 702 

 704 

 706 

 708 

 710 

 712 

 714 

 716 

 718 

 720 

 722 

 723 

 724 

 725 

 726 

 727 

 728 

 729 

 730 

 731 

 732 

Result:Response:Initiation/1stApproach:

Donor-iniated:

Food Offer Display (FOD)

Recipient-initiated:

Begging

R begs

R doesn‘t beg

D offers

D doesn‘t offer

AG

or none

AG

or none

AG

or none

no Active Giving (AG)



Food sharing & social bonds in jackdaws 31 

Figure 2: 733 
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Figure 3: 735 
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Figure 4:  737 
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Figure 7:  807 
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