Received: 17 July 2019

Revised: 30 October 2019

Accepted: 31 October 2019

DOI: 10.1111/eth.12986

RESEARCH PAPER

WILEY

Decision time modulates social foraging success in wild
common ravens, Corvus corax

Mario Gallego-Abenza®?

'Department of Cognitive Biology,
University of Vienna, Vienna, Austria

2Konrad Lorenz Forschungsstelle, Core
Facility for Behaviour and Cognition,
University of Vienna, Griinau im Almtal,
Austria

3Department of Migration, Max Planck
Institute of Animal Behavior, Konstanz,
Germany

4Department of Biology, University of
Konstanz, Konstanz, Germany

Correspondence

Mario Gallego-Abenza, University of
Vienna - Department of Cognitive Biology,
Althanstrasse 14 (UZA1) 1090 Vienna, Wien
1010, Austria.

Email: mario.gallego-abenza@univie.ac.at

Funding information
Austrian Science Fund, Grant/Award

Number: P29705

Editor: Jonathan Wright

1 | INTRODUCTION
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Abstract

Social foraging provides several benefits for individuals but also bears the potential costs
of higher competition. In some species, such competition arises through kleptoparasit-
ism, that is when an animal takes food which was caught or collected by a member of
its social group. Except in the context of caching, few studies have investigated how in-
dividuals avoid kleptoparasitism, which could be based on physical strength/dominance
but also cognitive skills. Here, we investigated the foraging success of wild common
ravens, Corvus corax, experiencing high levels of kleptoparasitism from conspecifics
when snatching food from the daily feedings of captive wild boars in a game park in the
Austrian Alps. Success in keeping the food depended mainly on the individuals’ age class
and was positively correlated with the time to make a decision in whether to fly off with
food or consume it on site. While the effect of age class suggests that dominant and/
or experienced individuals are better in avoiding kleptoparasitism, the effect of decision
time indicates that individuals benefit from applying cognition to such decision-making,
independently of age class. We discuss our findings in the context of the ecological
and social intelligence hypotheses referring to the development of cognitive abilities.
We conclude that investigating which factors underline kleptoparasitism avoidance is a

promising scenario to test specific predictions derived from these hypotheses.
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foraging efficiency, especially when food resource becomes limited
or group size increases (Goss-Custard & Durell, 1988). To remain ef-

ficient, socially foraging individuals typically adjust their behaviour

During foraging, group formation has many advantages for the in-
dividuals: conspecifics and/or heterospecifics may provide informa-
tion regarding food sources and feeding opportunities (Powell, 1974)
or their presence may reduce predation risk (Beauchamp, 2004).
However, individuals engaging in group foraging might also experi-
ence costs, especially in social species, where group members might
represent a source of permanent competition during foraging (Barta
& Giraldeau, 1998). This fact leads to potential decline of individual

to those of others (Giraldeau & Caraco, 2000). For instance, in star-
lings Sturnus vulgaris, individuals flexibly use behavioural cues pro-
vided by conspecifics for patch assessment, depending on the type
of environment in which their foraging takes place (Templeton &
Giraldeau, 1995, 1996).

Behavioural plasticity during social foraging is particularly evi-
dent when individuals switch between producing food themselves
and exploiting the food made available by others (Giraldeau & Caraco,
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2000). The latter tactic is termed scrounging (Vickery et al., 1991).
Depending on the species’ foraging ecology, scrounging can take
different forms (Giraldeau & Caraco, 2000), from exploiting a food
patch found by others to directly stealing food from others. Hereby,
kleptoparasitism commonly refers to those cases where individuals
use force, or threat of force, to obtain the food from others (Baglione
& Canestrari, 2009), whereas pilfering refers to those cases where
food is stolen out of another individual's cache and physical interac-
tions between cache owner and thief are avoided (Emery & Clayton,
2001; but see Giraldeau & Caraco, 2000 for a slightly different ter-
minology). Game theoretical models have been successfully used to
understand the conditions under which individuals adopt producer
or scrounger roles (Afshar & Giraldeau, 2014; Giraldeau & Caraco,
2000). Comparative analyses of a large set of field reports in birds in-
dicate that interspecific kleptoparasitism is associated more closely
with cognition than with physical power and aggression: the proba-
bility that kleptoparasitism is present in an avian family is positively
associated with residual brain size but not with body size; likewise,
kleptoparasitic species have larger brains than their hosts (Morand-
Ferron, Sol, & Lefebvre, 2007). On the species level, these findings
are supported by behavioural observations that explore the cogni-
tive mechanisms underlying scrounging and the countermeasures
taken against being exploited by others. In some primates species,
low-ranking individuals tend to reach feeding sites before high-rank-
ing individuals. This “early arrival” tactic has been described in ca-
puchin monkeys, Cebu apella (Di Bitetti & Janson, 2001), Japanese
macaques, Macaca fuscata (Belisle & Chapais, 2001) and long-tailed
macaques, Macaca fascicularis (Dubuc & Chapais, 2007) and is inter-
preted as subordinates applying social knowledge to avoid competi-
tion and/or to increase their foraging efficiency. Furthermore, cases
of tactical deception, like withholding information and providing
false information (Byrne & Whiten, 1988a), have been reported pre-
dominantly in the context of (avoiding) kleptoparasitism. In primates
(Byrne & Whiten, 1988b; Coussi-Korbel, 1994; Hirata & Matsuzawa,
2001; Menzel, 1974), pigs (Held, Mendl, Devereux, & Byrne, 2002)
and birds (Bugnyar & Kotrschal, 2004; Flower, Gribble, & Ridley,
2014; Munn, 1986), some individuals (try to) lead conspecifics away
from food and/or “cry wolf” in absence of any predator to gain access
to food found by others. Such tactics for outwitting competitors are
assumed to be cognitively demanding and in line with some of the
core hypotheses concerning brain evolution (Byrne, 1997; Byrne &
Whiten, 1988b; Dunbar, 2003). Likewise, the interplay between pil-
fering and avoidance of cache theft, which has been studied partic-
ularly in corvids (Clayton, Dally, & Emery, 2007; Heinrich & Pepper,
1998), can be viewed as a producer-scrounger scenario and has been
suggested as one of the driving forces for the advanced socio-cogni-
tive skills of some of these birds (Bugnyar & Kotrschal, 2002a).
Common ravens Corvus corax are scavengers, which form tem-
porary foraging groups at food bonanzas such as carcasses or
kills (Heinrich, 1988) as well as at garbage dumps and game parks
(Loretto, Schuster, & Bugnyar, 2016); accordingly, the size and com-
position of foraging groups vary across days (Braun, Walsdorff,

Fraser, & Bugnyar, 2012; Heinrich, Kaye, Knight, & Schaumburg,

1994). However, ravens also show substantial individual variation
in their local preferences and fission-fusion dynamics, respectively,
with some birds encountering each other regularly (over up to sev-
eral years) at the foraging site or repeatedly at different sites (Loretto
et al., 2017). Furthermore, ravens tend to form affiliative social rela-
tionships already at the non-breeder state, which resemble primate
social bonds (Fraser, Schino, & Aureli, 2008) and function as alli-
ances in conflicts (Braun & Bugnyar, 2012; Szipl, Ringler, Spreafico,
& Bugnyar, 2017). All these facts indicate that raven foraging groups
are not just aggregations but, at least in part, structured by individual
spatial preferences and social relationships.

The foraging behaviour of ravens is highly plastic: individuals
may actively attract others via calls to food sources that are diffi-
cult to access (Bugnyar & Kotrschal, 2001; Heinrich, 1988), which
constitutes a form of cooperation on a mutualistic basis where sig-
nallers might benefit from enlarging the foraging group and neutral-
ize thus the defence of dominance individuals (Heinrich & Marzluff,
1991). Recruitment can also arise through communal roosting,
which serves as information centres for previously encountered
food sources (Marzluff, Heinrich, & Marzluff, 1996; Wright, Stone,
& Brown, 2003). Aside from these cases of active recruitment, indi-
viduals may specialize in exploiting the discoveries of others (Dall &
Wright, 2009), opportunistically steal the food acquired from others
(Bugnyar & Kotrschal, 2002b) or pilfer the caches made by others
(Bugnyar & Kotrschal, 2002a). Raven foraging behaviour can thus
be described as producer-scrounger interactions at different phases
during foraging, that is when they search for food, when they try to
keep food and when they cache food. Physical strength and dom-
inance status may bias individuals in their choices of tactics, spe-
cifically in respect to engaging in kleptoparasitism. Note that raven
dominance rank depends not only on individual strength but also on
age class (adults >juveniles), sex (males >females) and bonding status
(bonded >non-bonded; Braun & Bugnyar, 2012). Moreover, due to
the frequent changes in group composition, the same birds may be
dominant in one foraging situation but not in the other.

Social knowledge and experience may help ravens to negotiate
such a dynamic social environment, that is deciding when to exploit
others and when to avoid being exploited. Furthermore, cognitive
skills, such as decision-making or inhibition control, could allow in-
dividuals that are preferred targets of kleptoparasitism to develop
countermeasures.

Studies on captive ravens indicate advanced cognition in compe-
tition for cached food. While young ravens possess an “innate” moti-
vation to store food for later consumption (Gwinner, 1965), they have
to learn when and where they place the caches in order to keep them
safe from pilfering (Bugnyar & Kotrschal, 2002a; Bugnyar, Stéwe, &
Heinrich, 2007), whereby they may come to comprehend the oth-
ers’ visual perspective (Bugnyar, 2011; Bugnyar, Reber, & Buckner,
2016). Moreover, ravens have to learn to control their impulse to pil-
fer others’ caches while the cache owners, or potential competitors,
are still present (Bugnyar & Heinrich, 2005, 2006; Bugnyar, Schwab,
Schloegl, Kotrschal, & Heinrich, 2007). Aside from caching, ravens

have been demonstrated to control their impulsivity in an exchange
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paradigm, that is instead of consuming an initial food item they
later exchange it for one of better quality (Dufour, Wascher, Braun,
Miller, & Bugnyar, 2012; Hillemann, Bugnyar, Kotrschal, & Wascher,
2014). Therefore, we could expect prolonged decision time to have
some benefits associated with foraging efficiency in wild social
birds, in particular in those species with high levels of intra-specific
kleptoparasitism.

In the present study, we focused on the foraging success of in-
dividually marked ravens snatching food during zoo animal feedings
(i.e., applying a producer tactic). We were interested in the factors
determining the individuals’ foraging success (measured as foraging
success rate) based on their capability to elude kleptoparasitism from
surrounding conspecifics. We hypothesized that raven foraging suc-
cess would primarily depend on factors associated with dominance
status like age class, sex and winning probability in agonistic interac-
tions. Furthermore, we hypothesized that subordinate ravens would
suffer from kleptoparasitism and would, therefore, benefit from ex-
hibiting high levels of behavioural plasticity. The efficiency of subor-
dinate individuals should, in this case, be largely determined by the
individuals’ experience and cognitive abilities. We thus predicted that
the birds’ foraging success rate should not only be age class and sex
biased, with older ravens being more efficient than younger and males
being more efficient that females, but modulated by behavioural plas-
ticity as a result of learning, decision-making and impulsivity control.
Specifically, and due to known low survival rate of juveniles (in the
first year) compared to subadults (2-3 years old; Webb, 2004), we
predicted that subadult ravens should be better in coping with klep-
toparasitism than juvenile ravens in terms of judging when it is safe
to consume food directly on site or when it is better to carry food
off. Given the substantial variation in fission-fusion dynamics in our
population, we also expected individuals that spend long periods in
the study area (“residents”) to show high foraging efficiency, as they
should have a better knowledge of the local social environment than

ravens that spend only little time in the study area (“vagrants”).

2 | MATERIAL AND METHODS
2.1 | Study species and site

The study took place at Cumberland Wildpark, in Griinau im Almtal,
Austria, where common ravens forage at the enclosures of zoo ani-
mals all year round in groups of 20-80 birds. These foraging groups
are not stable units: while some individuals use the park regularly
over several months and even years, others just visit from time to
time (Braun et al., 2012; Loretto et al., 2017). The presence and so-
cial interactions of these ravens are monitored on a daily basis as
part of a long-term programme. For individual identification, birds
are caught in drop-in traps and marked with rings and patagial wing
tags (Caffrey, 2000). During the marking process, age class is deter-
mined based on feather colouration and inner beak colour; birds are

then categorized as juveniles (<1 year old), subadults (1-3 years old)
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and adults (>3 years old; Heinrich & Marzluff, 1992). Sex is deter-
mined via genetic markers from blood samples.

Over the course of the current study, 46 marked ravens used the
zoo as a food source; they represented around 50% of the individ-
ually identified ravens present at our study site on a daily basis at
that time. For data collection, we chose the enclosure of wild boars
Sus scrofa as the enclosure's landscape allowed an excellent view of
the feeding site and its surroundings. Furthermore, compared to the
feedings of large predators like wolves Canis lupus and bears Ursos
arctos, wild boars do not show any aggressive food defence towards
ravens (Bugnyar & Kotrschal, 2001; N&carova, Vesely, & Bugnyar,
2018).

2.2 | Ethical note

Trapping, blood sampling and marking have been carried out under
the licence for animal experimentation of the Austrian government
(BMWEF-66.006/0009-11/3b/2012 and BMBWF-66.006/0015-
V/3b/2018). As the study itself was non-invasive and based on
behavioural observations only, it was not classified as animal ex-
periment in accordance with the Austrian law (§2. Federal Law
Gazette No. 114/ 2012). The monitoring and ringing programme
of the Konrad Lorenz Forschungsstelle is authorized by the Central
Administration of Upper Austria.

2.3 | Data collection and analysis

The study was conducted between March 2017 and March 2018.
In this one-year period, we video recorded 143 feedings of wild
boars using an action camera (GoPro HD Hero 2 and GoPro HD
Hero 5, attached at the fence of the enclosure, 1.5 m height above
the food). From these videos, we reported 779 food retention at-
tempts from 46 marked individuals (mean = 16.9 attempts per indi-
vidual, range = 1-95). Individual food retention attempts concerned
two behavioural tactics: carrying food items away from the feeding
site or consuming them directly at the feeding site. In either case,
we focused on food items larger than a raven beak's length, since
small pieces carried inside the beak or throat pouch are not likely
to be kleptoparasitized. Kleptoparasitic attacks typically result in
some food transfer; however, and due to the difficulty of quanti-
fying on the video how much food each of the ravens got during/
after harassment, we thus defined success in food retention when
ravens managed to carry a food item away or to consume it in front
of any conspecific without being chased or harassed, respectively.
A recent observational study focussed on caching locations out of
our camera's view, reveals that kleptoparasitism hardly occurs and
ravens ensure their caches for later consumption (Beck et al.,2019).
For each attempt, we measured the time (in seconds) between grab-
bing a piece of food and a subsequent decision of either flying off

with it or consuming it on site. Further, we measured the distance (in



GALLEGO-ABENZA ET AL.

= L wiLey- ERE—

multiples of body length) to the nearest conspecific when grabbing a
piece of food and the number of surrounding conspecifics.

In addition to the foraging information scored from the video,
we recorded which of the marked individuals were present at our
study site every day. Independently to kleptoparasitism events, in-
dividual involvement in agonistic interactions was recorded on an
ab libitum basis via direct observation together with those occurred
within the camera's view. We reported a total of 575 dyadic agonis-
tic interactions (mean of agonistic interactions per individual = 12.5,
range 3-74), in which the “winner” and “loser” were identified by ob-
serving how each dyadic agonistic interaction resolved (see Braun &
Bugnyar, 2012 for detailed description of agonistic categories). Inter-
observer reliability was established by coding agonistic interactions
from videos with Dr. Szipl, G. as second observer, and reliability was
excellent (ICC between 0.997 and 1.0). Since raven non-breeder
groups are characterized by high levels of fission-fusion dynamics,
not all individuals involved in conflicts were individually marked; we
thus calculated the “winning probability” for each marked bird by di-
viding the number of won interactions by the total number of agonis-
tic interactions being involved and used it as a proxy for dominance
rank. A previous study conducted in the same study area showed
stability of the dominance measures when looking at repeated in-
teractions of individually marked ravens within the same sex, age
class and bonding category over 2 years (Braun & Bugnyar, 2012).
To obtain a standardized parameter for the individuals’ presence at
the study site, we calculated the “percentage of days being present
at study site,” a day-specific value for each individual per feeding
protocol based on the percentage of days being present at the study
area during the 25 days before and 5 days following the day when
the feeding attempts were reported.

2.4 | Statistical analysis

We used R software (R Core Development Team, 2014) to run our sta-

tistical analyses. We performed generalized linear mixed models using

TABLE 1 Summary of food retention attempts by marked ravens

Food
retention Carrying food
Age class attempts away attempts
Adult (12 ind.) 272 241 46 (19.09)
Subadult (17 366 266 75 (28.19)
ind.)
Juvenile (17 141 70 28 (40)
ind.)
Sex
Male (22 ind.) 283 185 45 (24.32)
Female (24 496 393 104 (26.46)
ind.)

Kleptoparasitized carrying
food away attempts (%)

“glmmADMB” package (Fournier et al., 2012), including success of
keeping the food in both foraging tactics, “overall foraging success,” as
response variable (binomial distribution error) and both individual and
day as random effects, thus controlling for potential individual differ-
ences in being targeted by kleptoparasites (see Table S5). Similarly, we
conducted the same modelling approach within each foraging tactic,
either flying away with food or consuming it on site. In addition, in
order to investigate raven decisions to fly away with food, we included
flying away as response variable (binomial distribution error). Number
of ravens, distance to nearest conspecific, decision time (s), percent-
age of days being present at study site, winning probability, age class
and sex were included as fixed factors in all models. We z-transformed
all the continuous predictor variables in the full model. We followed an
information-theoretical approach for model selection using “MuMIn
package” (Barton, 2019) by calculating all possible models and select-
ing the best models within AAICc < 6 with respect to the top-ranked
model (Burnham & Anderson, 2002; Symonds & Moussalli, 2011). We
averaged these models and obtained model-averaged coefficients fol-
lowing Burnham and Anderson (2002). We used R-package “car” (Fox
& Weisberg, 2011) to test for collinearity of fixed factors before they
were entered in the full model, with a resulting variance inflation fac-
tor <4 for all variables. We discuss the results based on both effect size
and relative importance value (0-1) of each predictor, whereby one

refers to the highest contribution in explaining the response variable.

3 | RESULTS
3.1 | Descriptive findings

We recorded a total of 779 individual foraging events that were char-
acterized as food retention attempts, that is either carrying food away
or eating it on site: out of those, 272 were made by adults (mean of
food retention attempts per individual = 22.6, range = 4-95), 366 by
subadults (mean of food retention attempts per individual = 17.4,

range = 1-91) and 141 by juveniles (mean of food retention attempts

Kleptoparasitized consuming
food on site attempts (%)

Consuming food on
site attempts

31 22(70.97)
100 80 (80)

71 61 (85.91)

98 73 (74.49)
103 90 (87.38)

Note: The table shows the percentage of kleptoparasitism occurring for in each foraging tactic (either carrying food away or consuming food on site)

by age class and sex.
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TABLE 2 Table showing the model-averaged coefficients

Estimate Adjusted SE
Overall foraging success
Intercept 1.14 0.29
Age class (Subadult) -0.72 0.35
Age class (Juvenile) -2.09 0.44
Distance to conspecific 0.10 0.12
Decision time (sec) 0.32 0.13
Number of surrounding ravens -0.08 0.10
Sex (male) 0.13 0.27
Percentage of days being 0.04 0.092
present (0-1)
Winning probability (0-1) -0.02 0.10

choogy - ARVUTR S

Cl lower limit Cl upper limit

(2.5%) (97.5%) Relative importance
0.55 1.72

-1.41 -0.03 1

-2.96 -1.22 1

-0.03 0.38 0.59
0.07 0.57 1

-0.35 0.05 0.52

-0.31 1.02 0.38

-0.13 0.36 0.36

-0.43 0.28 0.28

Note: It shows the coefficients with adjusted standard errors, lower are upper confidence intervals and relative importance values of each fixed
factor when modelling the overall foraging success. Factors with a relative importance above 0.6 appear shaded.

06 -

Model averaged predicted foraging success

04 - .

02 4

Age class

e Adult
*  Subadult
* Juvenile

50 75

Decision time (s)

FIGURE 1 Scatterplot of model-averaged predicted foraging success, against the decision time (seconds) coloured by age class. Predicted
foraging success positively correlates with decision time in all age classes [Colour figure can be viewed at wileyonlinelibrary.com]

per individual = 5.6, range = 1-27). Adults typically attempted to carry
food off the site in 241 cases, 89%; subadults attempted on 266 cases,
73%; and juveniles in 70 cases, 50%, Table 1. The two tactics differed in
the likelihood of being kleptoparasitized: attempts to carry food off the
site received less kleptoparasitism (19%-40%, depending on age class)
than attempts to feed on site (71%-86%, Table 1). Regarding sex-spe-
cific differences in kleptoparasitism occurrence, we found similar values
in both foraging tactics (24% in males vs. 26% in females when carrying

off food; 74% in males vs. 87% in females when feeding on site, Table 1).

3.2 | Overall foraging success

Both age class and decision time had the highest relative impor-
tance explaining foraging success in respect to avoiding klep-
toparasitism from surrounding conspecifics (see Table 2 for model
coefficients). Subadult and juvenile ravens showed lower foraging
success than adults. Regarding the decision time, the time ravens

took to make a decision (whether to fly off with food or consume it
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directly on site) had a positive effect on their foraging success (see
Figure 1). The distance to the nearest conspecific when grabbing
a food item had a slight positive effect on their foraging success.
Sex (male) and percentage of days being present at the study site
also had a positive effect on the general foraging success of ravens
but their relative importance and effect size were negligible low. As
expected, the number of surrounding conspecifics at the moment
when food retention was attempted had a negative effect on the
foraging success; however, it shows a low effect size. Estimates of
the full model before model averaging are available in table S1 of

Supplementary material.

3.3 | Consuming food directly on site

When focusing on those cases in which ravens decided to con-
sume the food directly at the feeding site (Table 3), their success of
keeping the food was affected mainly by their distance to nearby
conspecifics at the time they took the piece of food and the time
they took to make a decision (i.e., to stay rather than fly off). In both
cases, these parameters were positively correlated with foraging ef-
ficiency. Moreover, social parameters like “winning probability” and
“presence” (duration of stay at the study site) became slightly more
relevant when consuming food in front of conspecifics. Sex and age
class had an effect on foraging success (with old and male individu-
als being less harassed than juveniles and females) but their relative
importance was negligible low. The number of surrounding conspe-
cifics did not affect foraging success when consuming food on site.
Estimates of full model before model averaging are available in table

S2 of Supplementary material.

3.4 | Decision to carry food away

The ravens’ decision to carry food off the feeding site was positively
correlated with the number of surrounding conspecifics (i.e., poten-
tial competitors on site; Table 4a). Furthermore, there was a strong
effect of age classes: adults and subadults were more likely to carry
food away than were juveniles. Apart from these, other fixed fac-
tors appeared to not affect relevantly ravens’ decision of carrying off
food. Estimates of full model before model averaging are available in

table S3 of Supplementary material.

3.5 | Success at carrying food away

Success in flying off with food meant that ravens carrying food man-
aged to avoid being chased by other conspecifics (Table 4b). The
number of surrounding conspecifics had a negative effect on suc-
cess, as ravens with food were more likely chased when there was
a large number of surrounding conspecifics. There was also a strong
effect of age class, with adults and subadults receiving fewer chases

than did juveniles. The distance to the nearest neighbour (at the time

when a focal raven grabbed the food) was positively correlated with
success. Here, we found little effect of decision time, presence at
the study area or winning probability, each of which had both low
effect sizes and low relative importance coefficients. However, sex
had a clear effect, with males receiving fewer chases than did fe-
males. Estimates of full model before model averaging are available
in table S4 of Supplementary material.

4 | DISCUSSION

Ravens faced high levels of conspecific kleptoparasitism when
snatching food pieces from the feedings of captive wild boars. The
success of keeping food depended mainly on the birds’ age class and
the amount of time they took to decide whether to fly off with food
or consume it directly on site (Figure 1). When modelling the two
tactics (flying off and consuming food on site) separately, we found
that adults and subadults had an advantage over juveniles when
carrying food away, that is they were less likely chased by others.
However, age class did not have such an effect on consumption at-
tempts on site; here, the time taken to make a decision (to stay rather
than fly off) and the timing of grabbing a food piece (measured as
distance to nearest conspecific) were the best predictors of keeping
food safe from scroungers.

We predicted that age class would strongly affect foraging suc-
cess, as adult ravens are known for their high resource holding po-
tential and dominance status in comparison with younger ravens
(Heinrich, 1989; Marzluff & Heinrich, 1991). Yet, other factors re-
lated to dominance, like the birds’ sex and winning probability in con-
flicts (Braun & Bugnyar, 2012), had little effect on their success of
avoiding kleptoparasitism. Hence, older ravens likely benefited from
a combination of both physical strength and experience, particularly
when flying off with food. This fits with the age-specific foraging
proficiency shown in most of the avian species (Wunderle, 1991).

Aside from age class, the individual attempts to fly off with food
were positively correlated with the number of conspecifics around.
Note that ravens typically gathered at the wild boar enclosure al-
ready before feeding started, reaching their maximum group size at
the beginning of the feeding. We may thus interpret the above-men-
tioned correlation directionally, that is that birds tried to leave with
food more often when the foraging group was larger. However, the
individual success in keeping the food when flying off correlated neg-
atively with the number of conspecifics around, suggesting that the
birds had difficulties in escaping kleptoparasitism when the group
was large. Hence, carrying food away without being kleptoparasit-
ized represented a challenge for ravens, particularly when they were
young and when many conspecifics were around. Ultimately, flying
off with food seems to pay off for group foraging ravens (lower klep-
toparasitism occurrence, see Table 1), as it allows them to cache food
out of sight of potential competitors (Heinrich & Pepper, 1998) and,
despite additional costs in time and energy, to secure several loads
of food for later consumption (Heinrich, 1988). However, whether

all observed food trips resulted in successful food caching and later
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TABLE 3 Table showing the model-averaged coefficients

Estimate Adjusted SE
Consuming food on site success
Intercept -13.28 13.11
Age class (Subadult) 0.66 4.84
Age class (Juvenile) -2.81 6.59
Distance to conspecific 1.49 1.83
Decision time (sec) 2.50 2.05
Number of surrounding ravens 0.003 0.09
Sex (male) 0.59 0.98
Percentage of days being pre- 0.81 1.59
sent (0-1)
Winning probability (0-1) 0.38 0.60

CWILEY--*

Cl lower limit Cl upper limit

(2.5%) (97.5%) Relative importance

-38.97 12.41

-12.84 15.99 0.42

-23.89 10.59 0.42
-1.27 5.86 0.65
-1.50 6.52 1.00
-0.62 0.69 0.08
-0.31 3.57 0.36
-2.16 5.42 0.50
-0.30 2.11 0.42

Note: It shows the coefficients with adjusted standard errors, lower are upper confidence intervals and relative importance values of each fixed
factor when modelling the foraging success in consuming food on site. Factors with a relative importance above 0.6 appear shaded.

TABLE 4 Summary of model-averaged coefficients

Estimate Adjusted SE
Decision to carry food away
Intercept 2.23 0.35
Age class (Subadult) -0.87 0.41
Age class (Juvenile) -2.44 0.46
Distance to conspecific -0.01 0.06
Decision time (sec) 0.02 0.06
Number of surrounding ravens 0.28 0.12
Sex (male) -0.10 0.26
Percentage of days being pre- 0.0002 0.07
sent (0-1)
Winning probability (0-1) 0.01 0.10
Success at carrying food away
Intercept 1.55 0.24
Age class (Subadult) -0.50 0.31
Age class (Juvenile) -1.06 0.52
Distance to conspecific 0.23 0.18
Decision time (sec) 0.08 0.14
Number of surrounding ravens -0.34 0.14
Sex (male) 0.24 0.29
Percentage of days being pre- 0.03 0.09
sent (0-1)
Winning probability (0-1) -0.05 0.12

Cl lower limit Cl upper limit
(2.5%) (97.5%) Relative importance
1.54 2.93
-1.67 -0.07 1
=335 -1.53 1
-0.26 0.16 0.27
-0.11 0.24 0.30
0.07 0.51 0.99
-1.03 0.40 0.32
-0.27 0.27 0.25
-0.34 0.43 0.25
1.08 2.02
-1.11 0.03 0.93
-2.01 -0.27 0.93
0.001 0.59 0.77
-0.13 0.49 0.45
-0.59 -0.09 0.98
-0.10 0.95 0.57
-0.17 0.37 0.31
-0.47 0.21 0.35

Note: The table shows the coefficients with adjusted standard errors, lower and upper confidence intervals and relative importance values of each
fixed factor when modelling a) the ravens’ decision to carry off food and b) their foraging success when carrying it.

consumption remains unknown. A similar effect of group size was ex-
perimentally shown on coho salmon, Oncorhynchus kisutch, whereby,
as group size increased, juvenile salmon captured more prey items
and ventured closer to the feeder, indicating changes in foraging be-

haviour driven by group size variation (Grand & Dill, 1999).

Raven success in saving food for immediate consumption did
not depend on factors related to dominance or group size but on
parameters indicative for cognitive processing, that is the distance
to the nearest conspecific when grabbing a piece of food and the

time between grabbing a piece of food and making a decision (fly
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off or consume the food on site). Both parameters correlated posi-
tively with success in keeping food, suggesting that the better indi-
viduals timed their approach and the longer they waited to decide
whether or not to fly off with food, the better they were in avoiding
kleptoparasitism on site. In some primate species, flexible timing in
feeding has been shown to affect foraging efficiency positively, that
is subordinate macaques tend to arrive at the feeding site before
than higher-ranked individuals, this is known as early arrival tactic
(Macaca fuscata: Belisle & Chapais, 2001; Macaca fascicularis: Dubuc
& Chapais, 2007). Possibly, ravens used their decision time to assess
the current situation of competition, that is the amount of aggres-
sion and kleptoparasitism in the immediate surrounding. However,
what we measured as “decision time” could also reflect the ravens’
ability to control their impulse to fly off with food. Thus, our findings
may support a new avenue for impulse control in ravens shaped by a
competitive social foraging scenario. Further studies are needed to
distinguish between these alternatives.

Given the substantial spatio-temporal dynamics in our non-
breeder population, we also expected individuals that spend long
periods in the study area (“residents”) to show high foraging suc-
cess, as they should have a better knowledge of the local social en-
vironment than ravens that spend only little time in the study area
(“vagrants”). However, our results hardly support this prediction as
we found only a weak positive effect of individuals’ presence at the
study area on their success of consuming food on site (Table 3). A
possible explanation for these results is that ravens face similar so-
cial challenges at different foraging sites across their home range.
GPS-tracking revealed that ravens of our study population in the
Austrian Alps make heavy use of anthropogenic food sources, that is
feedings of game and farm animals, garbage dumps and composting
plants (Loretto et al., 2016). At several of those places, they form
large groups and potentially face similar levels of competition as at
our study site. Avoiding kleptoparasitism would thus be an import-
ant skill in their daily life, irrespective of where they forage.

Taken together, our findings support the prediction that for-
aging ravens show high plasticity in their behaviour. Individuals
frequently engaged in producer-scrounger interactions, whereby
individuals in possession of food (producers) became the target of
kleptoparasitism by conspecifics (scroungers). Beyond the scope
of the producer-scrounger scenario (already described by Bugnyar
& Kotrschal, 2002b), our findings shed light on kleptoparasitism
avoidance from the producer's perspective, whereby success in
keeping the food seemed to depend on the individuals’ physical
abilities and experience (as indicated by the effect of age class) as
well as cognitive skills (as indicated by the effect of decision time).
These findings are in line with the “foraging cognition hypoth-
esis” (Byrne, 1997; Parker & Gibson, 1977; Rosati, 2017), which
emphasizes the need of food acquisition as one of the main driv-
ing forces behind the evolution of cognition. However, the find-
ings also fit the “social intelligence hypothesis” (Humphrey, 1976;
Jolly, 1966), as interactions with conspecifics seem to be key for
shaping the cognitive abilities employed during social foraging.

Further research on the foraging skills of common ravens should

test predictions derived from both hypotheses, whereby group
size or composition and food accessibility can be experimentally
modified. Furthermore, longitudinal studies should investigate the
development of behavioural tactics to avoid kleptoparasitism and
the cognitive skills identified in this study that presumably underlie

these behaviours.
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