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Supplementary methods

Dominance hierarchies using David’s score

In addition to Elo-ratings, we constructed dominance hierarchies on the basis of David’s
scores 2. This alternative dominance measure is based on interactions matrices
containing the total numbers of wins and losses of certain observation periods. Therefore,
David’s scores are independent of the sequence of interactions. We used the DS function
within the EloRating package * in R * to calculate David’s scores. To account for
differences in the number of interactions between individuals resulting from individuals
preferring or avoiding contact with certain conspecifics, we corrected David’s scores for
the number of interactions in a dyad °. David’s scores were highly correlated with
dominance ranks obtained from Elo-rating (Pearson correlation: r= 0.97, p < 0.001;
Table S4, Additional file 1). We therefore only present dominance hierarchies obtained

from randomized Elo-rating.



Supplementary tables

Table S1 Overview of carrion crow females that were housed together and video
recorded between July and October 2015.

ID ColourID Colour bands Species Sex Comments

C27 Grey Black-Black Corvus corone  Female C27 re-joined
the group on
the 22" of
September

after having
been isolated
for a period
for reasons of

health
C29 Blue White-White Corvus corone  Female -
C45 Red Blue-Blue Corvus corone  Female -
C58 Green Blue-Green Corvus corone  Female -
C59 Yellow Orange- Corvus corone  Female -

Orange




Table S2 Days of sampling and length of video recordings

Date Time video started Length of video Crows present
(hh:mm) (hh:mm)

15/07/2015 08:00 04:30 C29, C45, C58, C59

18/08/2015 08:15 02:20 C29, C45, C58, C59

22/09/2015 11:45 02:55 C27, C29, C45, C58,
C59

10/10/2015 12:10 03:26 C27, C29, C45, C58,
C59

31/10/2015 11:25 02:53 C27, C29, C45, C58,

C59




Table S3 Ethogram of affiliative and aggressive behaviours displayed by the observed
female carrion crows. Behaviours were categorized following 7.

Type of Behaviour Description
interaction
Affiliative Allopreening (directed) One individual preens or touches

Seeking proximity (directed)

Dual exploration (mutual)

Dual foraging (mutual)

Displaying (mutual)

Aggressive Aggression

Displacement (direct and
indirect)

the feathers of another with its
beak

One bird approaches another
individual with the intention to
sit in physical contact (within the
reach of the bill) to its “partner”
or to check what the other bird is
doing

Two birds explore the same area
and/or food items

Two birds feed in close vicinity
(sometimes from the same food
item)

Two individuals engage in a
series of calling, bowing and tail-
fanning

For more details, please see the
subsection ‘Recruitment’ within
the section ‘Coalitionary attacks
and vocal communication’ of the
results in the main text

One bird pecks, feather-pulls, or
jabs after another individual

One individual approaches and
causes another individual to
retreat or to move from its
position.



Type of
interaction

Behaviour

Description

Chase

Attack

Sometimes these interactions
involved threatening gestures as
well as vocalizations, such as
“bristle-head posture”, (von
Blotzheim Handbuch der Vogel
Mitteleuropas), or aggressive
calls

One individual chases and tries
to catch another bird.

One bird attacks another in the
air or on the ground




Table S4 Randomized elo-scores and David’s scores estimated from pairwise
interactions for each female carrion crows and observation day. The higher the score, the
higher is the dominance of the bird within the group.

Date Individual Randomized elo-scores David’s scores
15/07/15 C45 1340.2 5.524
15/07/15 C59 1043.3 0.861
15/07/15 C29 934.7 -0.990
15/07/15 C58 658.4 -5.394
18/08/15 C45 1156.6 4.241
18/08/15 C29 988.4 0.687
18/08/15 C59 1040.2 0.247
18/08/15 C58 713.5 -5.175
22/09/15 C45 1362 8.565
22/09/15 C59 1172.8 4.250
22/09/15 C29 877.3 -4.126
22/09/15 C27 787.2 -4.479
22/09/15 C58 801.6 -4.210
10/10/15 C45 1271.9 7.544
10/10/15 C59 1097.6 4.119
10/10/15 C58 929 -3.063
10/10/15 C29 859.6 -4.580
10/10/15 C27 742.8 -4.020
31/10/15 C45 1508 9.461
31/10/15 C59 1197.8 4.716
31/10/15 C29 801.4 -1.012
31/10/15 C58 724.7 -5.023
31/10/15 C27 678.1 -8.141
15/07/15 C45 1340.2 5.524
15/07/15 C59 1043.3 0.861




Supplementary figures

. 4

Fig. S1 The two carrion females (C27 and C58) that were found dead at the 1% of
November and 3" of November 2015, respectively. The left picture shows the two
corpses of individual C58 (left) and C27 (right) that where sent to the National Veterinary
Institute of Sweden for necropsy. Necropsies concluded that the two individuals very
likely died due to traumatic injuries. The right picture shows a close up of C58’s head
injuries likely resulting from the coalitionary attack of individuals C45 and C59.
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Network comparison
Fig. S2 Stability of affiliative (blue) and aggressive (red) networks over time. Correlations
between two sequential networks (observation days) were obtained by comparing network
matrix structure using quantitative assignment procedure (QAP) correlation tests. Network
structures for aggressive interactions were significantly correlated for recordings 1-2 and
4-5 (P < 0.05). None of the affiliate matrix correlations were statistically significant (P >
0.05). The figure was created using the R package ggplot2 8.
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