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Abstract
Social learning during foraging has been found in a wide range of animals, including numerous bird species. Still, the mecha-
nisms underlying this cognitive capacity remain largely unstudied and the use of divergent methods limits our understanding 
of their taxonomic distribution. Using an ecologically relevant design, the open diffusion experiment, we tested whether 11 
Southern ground-hornbills (Bucorvus leadbeateri) were able to show imitation on the two-action task. Three experimental 
groups were created. In the slide and pull group, subjects (‘observers’) watched a trained conspecific (‘demonstrator’) opening 
a box using a specific technique. Naïve individuals from the control group, however, did not receive a social demonstration. 
All birds of the slide and pull group succeeded in opening the box, whereas all subjects of the control group failed the task. 
We found consistent inter-individual differences among some observers, with only two birds (one in each group) using the 
same technique and part of the box contacted by the demonstrator. Our results suggest that at least fine-tune enhancement 
underlies behavioural diffusion in this novel model species, which provides new research opportunities with direct implica-
tions for conservation.
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Introduction

Social learning, which, in its broad sense, involves the 
capacity to acquire information from other individuals 
(Aplin et al., 2015), is taxonomically widespread and occurs 
regardless of different aspects of the species’ social organi-
zation (e.g., solitary (Guttridge et al., 2013) and group-living 
species (van Leeuwen et al., 2014)), ecology (e.g., generalist 
and specialist species (Goulson et al., 2013)), or life-his-
tory traits (e.g., relatively ‘small-brained’ (Benson-Amram 
et al., 2014), and ‘large-brained’ species (Sargeant & Mann, 
2009)). To our knowledge, all animals experimentally tested 
so far have been able to exploit the knowledge of conspecif-
ics, either directly or after further investigations (but see 

Farrar et al., 2021, for evidence of publication bias in animal 
cognition research).

Birds are particularly prone to learn socially (Slagsvold & 
Wiebe, 2011), as demonstrated by several captive and field 
studies in multiple biological contexts of adaptive signifi-
cance (e.g., Brown & Fawcett, 2005; Griffin, 2004; Lefeb-
vre & Bouchard, 2003). In the extensively studied foraging 
context, for instance, a wide range of avian families has been 
capable of learning a novel feeding technique by observing 
a conspecific demonstrating the behaviour (e.g., Anatidae: 
Fritz et al., 2000; Columbidae: Bouchard et al., 2007; Cor-
vidae: Fritz & Kotrschal, 1999; Falconidae: Biondi et al., 
2010; Paridae: Aplin et al., 2013; Pelecanidae: Danel et al., 
2020; Ploceidae: Danel et al., 2018; Stercorariidae: Danel 
et al., 2019).

Social influence on foraging behaviour takes many forms, 
ranging from simple to more complex cognitive processes 
(e.g., Canteloup et al., 2020; Custance et al., 2006; Whiten 
et al., 1999; for a review, see Kendal et al., 2018). In this 
study, we refer to the definitions provided by Rørvang et al. 
(2018) to distinguish between those mechanisms. On one 
hand, social transmission includes mere social influence on 
behavioural acquisition (e.g., social facilitation and learning 
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enhancement: Thorpe, 1963; Spence, 1937; Zajonc, 1965). 
This can be illustrated by a bird approaching a specific area 
due to the presence of other conspecifics foraging at this 
location (local enhancement, e.g., Picard et al., 2017). Low-
level social learning mechanisms seem to prevail in birds, 
as they are often sufficient to transfer information reliably 
(Nicol, 1995; Slagsvold & Wiebe, 2011). True social learn-
ing (emulation and imitation), on the other hand, is thought 
to require more complex cognitive abilities (Rørvang et al., 
2018). For instance, depressing a lever using the same 
topography response as a conspecific demonstrator (beak or 
foot) indicates imitation learning in Japanese quails (Cotur-
nix japonica: Akins & Zentall, 1996).

One of the most common, well-established paradigms 
used to demonstrate high-level social learning mechanisms 
in non-human animals is the two-action procedure (Daw-
son & Foss, 1965). Observers are exposed to one of two 
(or more, e.g., Dawson & Foss, 1965) demonstrated actions 
(‘response topographies’) to obtain a reward in an appara-
tus (Zentall, 2004). In this paradigm, or similar approaches 
and methodological variations, the demonstrated techniques 
can involve (i) distinct environmental outcomes and topog-
raphies (e.g., stopper pushed in/pulled out of the device: 
Campbell et al., 1999), (ii) distinct environmental outcomes 
depending on the directional movements of a same topogra-
phy (bidirectional control, e.g., pushing on the left or right 
side: Heyes & Dawson, 1990), or (iii) the same environmen-
tal outcome with different topographies (e.g., stepping on or 
pecking at the treadle: Akins & Zentall, 1998). Emulation 
or imitation processes are assumed to be involved if observ-
ers reproduce the demonstrator’s action above the levels 
expected by chance (Picard et al., 2017).

Originally, the two-action procedure has been admin-
istered within a dyadic setting: one observer is allowed 
to watch a single physically separated trained individual 
(Coussi-Korbel & Fragaszy, 1995). Following the social 
demonstration, the observer is isolated and is allowed full 
access to the apparatus. Observer birds such as budgerigars 
(Dawson & Foss, 1965; but see Galef  et al., 1986), star-
lings (Campbell et al., 1999; Fawcett et al., 2002), pigeons 
(Kaiser et al., 1997; Zentall et al., 1996), or quails (Akins 
& Zentall, 1998; Zentall et al., 1996) have been reported to 
emulate or potentially imitate the demonstrated method with 
this procedure.

However, although the two-action task based on dyadic 
tests has allowed rigorous differentiation between individual 
and social learning, as well as analyses of the learning pro-
cess (Dindo et al., 2008; Whiten & Mesoudi, 2008; Zentall, 
2004), this setting is not ecologically relevant for socially 
foraging species (Reader & Biro, 2010; Whiten & Mesoudi, 
2008). Under natural conditions, the opportunity for one 
group member to observe another experienced individual 
in total isolation is highly unlikely. Several social factors, 

resulting from the interactions among group members, come 
into play and influence the acquisition of a novel foraging 
behaviour (Aplin et al., 2012; Coussi-Korbel & Fragaszy, 
1995). For instance, the social learning performance of sub-
ordinate individuals may not emerge first hand when domi-
nant models monopolize feeding resources (Boinski, 1999; 
Kappeler, 1987; Picard et al., 2017; van de Waal & Whiten, 
2012). Moreover, individual propensity to show social learn-
ing may vary depending on whether aggression or social 
tolerance is exhibited within the group (e.g., Cadieu et al., 
2010). Novel techniques, such as scrounging (pilfering), may 
also be displayed. Scroungers can obtain the reward without 
using social learning per se (e.g., Schnöll, 2010), which may 
inhibit or facilitate the appearance of this cognitive capacity 
later on (Giraldeau & Lefebvre, 1987; Inoue-Nakamura & 
Matsuzawa, 1997).

One experimental way to investigate social learning 
mechanisms in ecologically valid group contexts is afforded 
by the open diffusion experiment (Whiten & Mesoudi, 
2008). Typically, two experimental groups are selected and 
an individual within each group is trained to use one of two 
alternative foraging methods (e.g., Claidiere et al., 2013; 
Dindo et al., 2008). All group members are then allowed to 
watch simultaneously the technique displayed by the trained 
subject, thus mirroring natural social situations. In birds, 
only two species have been tested with this method using 
the two-action paradigm: Amazon parrots (Amazona ama-
zonica: Picard et al., 2017) and blue tits (Cyanistes caer-
uleus: Aplin et al., 2013, 2015). From those studied species, 
only the latter has demonstrated the ability to favour the 
initially demonstrated foraging technique within wild sub-
populations (Aplin et al., 2015).

Besides the previously cited highly controlled aspect of 
the dyadic testing, along with the difficulty of the experimen-
tal design applied (Picard et al., 2017; Tennie et al., 2006), 
imitating another’s foraging behaviour has been assumed 
to rely on ecological factors such as the paucity or com-
plexity of the food resource (Zentall, 2004). For instance, 
high-fidelity social learning mechanisms may be needed to 
know how to process food items, such as handling certain 
prey types (Thornton & Clutton-Brock, 2011). However, we 
still know little about the influence of complex foraging on 
social learning mechanisms in birds and, more generally, on 
the processes involved in the acquisition of novel foraging 
behaviours.

To address these gaps, it is necessary to expand the 
administration of the two-action task based on open diffu-
sion experiments in socially foraging species. A truly com-
parative view would also provide an understanding of the 
mechanisms underlying the acquisition and evolution of 
cultural traditions in animals (Picard et al., 2017), including 
humans (Galef, 1992; Laland & Hoppitt, 2003). Noteworthy, 
investigating social cognition in endangered species can give 
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rise to substantial conservation implications (Greggor et al., 
2014, 2017; Greggor, Price, & Shier, 2019b). For instance, 
successful reintroductions of avian species have been aided 
by tapping into their social learning abilities (McLean et al., 
1999; Urbanek et al., 2010). This conservation-cognition 
interface needs to be taken into consideration when study-
ing learning processes in threatened or endangered systems 
(Greggor et al., 2019a)

In this context, the Southern ground-hornbill (Bucorvus 
leadbeateri) makes an excellent biological model for inves-
tigating social learning mechanisms during foraging. This 
bird, listed as Vulnerable globally  and Endangered in South 
Africa (Taylor & Kemp, 2015), is endemic to Africa south of 
the equator where it frequents open habitats such as savan-
nahs, grasslands, or open woodlands (Kemp & Boesman, 
2019). Ground-hornbills are faunivorous, feeding on a wide 
range of small animals and hunting in groups when the prey 
is larger. They are also opportunistic scavengers and have 
been reported to feed on fruits and seeds on occasion (Kemp 
& Boesman, 2019).

This species is a monogamous cooperative breeder: 
the complex social unit, which ranges in size from two to 
12 individuals, consists of a dominant pair (alpha male 
and female) assisted by adult and immature male helpers 
(Kemp & Boesman, 2019). Each group resides perma-
nently in extensive territories (between 50 and 100  km2) 
that are fiercely defended (Kemp & Kemp, 1980; Wyness, 
2011; Zoghby et al., 2015). Although ground-hornbills are 
aggressive and territorial, they are highly tolerant towards 
group members (Kemp & Kemp, 1980), and thus have 
ample opportunity to use social information (Coussi-Kor-
bel & Fragaszy, 1995). The juvenile’s prolonged period 
of nutritional dependence on the group members (up to 2 
years) and high parental investment (3–5 years) enable the 
young to learn a great deal socially about their physical and 
social environment (Knight, 1990). Such rare and prolonged 
parental provisioning has been suggested to correlate with 
the time needed by juvenile birds to learn complex skills, 
such as intricate foraging techniques (Hunt et al., 2012). 
For instance, in ground-hornbills social learning might be 
highly valuable during the acquisition of specific feeding 
methods, for instance snake-handling or tortoise-excavation 
skills, which would otherwise be highly hazardous or diffi-
cult to develop through exploratory asocial learning. Repli-
cating these complex social habits, by placing young captive 
individuals into ‘bush schools’, where they learn from an 
experienced conspecific (usually the alpha male), is vital 
to promote successful reintroductions in the wild (Kemp 
et al., 2020). These features, combined with complex social 
interactions (Kemp & Kemp, 1980), specific ecological traits 
(e.g., group foraging, opportunism), and other life histories 
(e.g., large relative brain size; unusually long lifespan: 70 
years; low productivity: maximum one fledged per group 

per year; late maturity: more than 10 years), are believed 
to facilitate the emergence of social learning in animals 
(Coussi-Korbel & Fragaszy, 1995; Gajdon et  al., 2004; 
Gariépy et al., 2014; Greco et al., 2013; Lefebvre, 2000; 
Lefebvre et al., 1997; Ricklefs, 2004). So far, however, only 
one experiment has tested this species’ cognitive ability to 
solve problems in the physical domain (Danel et al., 2019). 
In this study, ground-hornbills were able to solve the string-
pulling task in five experimental conditions using different 
string patterns. For instance, some individuals were able 
to show goal-directed behaviour (two strings are presented 
but one string is attached to a food reward), to understand 
that the string has to be physically connected to the reward 
(two strings are rewarded but only one string is attached 
to a food reward), and to not rely on perceptual feedback 
(two rewarded strings are coiled so the strings do not come 
directly closer when pulled). Social cognition in ground-
hornbills, and in the order Bucerotiformes more generally, 
is poorly understood. Yet, Southern ground-hornbills live 
in cooperative groups where members exhibit sophisticated 
behaviours in various biological contexts (Kemp et al., 2020; 
Knight, 1990). Therefore, this species offers the opportunity 
for assessing what and how information is transmitted within 
social foraging groups.

In this study, we aimed at testing the social learning 
capacity of ground-hornbills using a three-group, two-action 
paradigm with an open-diffusion approach. Subjects from 
two treatment groups were exposed to a trained demonstra-
tor, which either (i) slid to the right side or (ii) pulled from 
top to bottom, the central door of a foraging apparatus con-
taining a food reward. The third group, however, served as 
a control for asocial learning (individuals did not have the 
opportunity to watch a demonstrator). For comparative pur-
poses, we built a replica of the two-way foraging box used 
in Picard et al. (2017), with opening techniques (push/pull) 
similar to those used in other avian studies (e.g., Dawson & 
Foss, 1965; Fawcett et al., 2002; Galef Jr. et al., 1986). Given 
the seeming ubiquity of social transmission mechanisms 
among birds, we expected learning enhancement to occur 
in the Southern ground-hornbill (Prediction 1). More specifi-
cally, due to the presence of the demonstrator, the apparatus 
(stimulus enhancement; Spence, 1937) or its location (local 
enhancement; Thorpe, 1963) should attract observers (i.e., 
making them touch the box). We also predicted that observ-
ers (and subjects that have received previous box-opening 
training, i.e., the demonstrators, see below) should be able 
to open the apparatus (Prediction 2). However, stimulus and 
local enhancement (box opening by trial-and-error learn-
ing i.e., using a distinct opening technique and/or directing 
actions to the sites of the box not contacted by the demon-
strator) may be insufficient to explain the extensive learning 
phase required for acquiring some complex foraging tech-
niques exhibited in the wild (e.g., hunting skills). Therefore, 
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we expect subjects of this species to show imitation learning 
(straightforward box opening, using the same opening tech-
nique and/or directing actions to the same sites of the box 
touched by the demonstrator; Prediction 3). Finally, since the 
open diffusion approach allows social interactions during the 
acquisition of novel foraging behaviours (Coussi-Korbel & 
Fragaszy, 1995), we predict reporting agonistic and pilfering 
(‘scrounging’) behaviours within test groups (Prediction 4), 
which can influence (facilitating or hindering) the acquisi-
tion of novel foraging behaviours.

Methods

Subjects

Eleven captive ground-hornbills, ranging in age from 1 to 
28 years, participated in this experiment between Septem-
ber and November 2019. Seven subjects were tested at the 
Baobab Southern Ground-hornbill Conservation Rearing 
Centre, Mpumalanga, South Africa (six females: Adon-
sonia, Kalula, Mud, Nkosi, Red Rocks, WitchyWitch; one 
male: Raymond; Table 1), and four birds at the National 
Zoological Gardens, Pretoria, South Africa (three females: 
Hull, Lindada, Makalali; one male: Chiredzi; Table 1). All 
subjects were individually identified based on stainless steel 
rings (South African Bird Ringing Unit's – SAFRING) and/
or coloured plastic spiral rings, except for one easily recog-
nizable juvenile (Adonsonia). Three experimental groups 
were created: the pull group (demonstrator: Kalula; observ-
ers: Mud, Nkosi, Red Rocks), the slide group (demonstrator: 

Hull; observers: Chiredzi, Lindada, Makalali), and the con-
trol group (naïve individuals: Adonsonia, Raymond, Witchy-
Witch). For the pull and slide group, the selection criteria 
of the demonstrator (Kalula: pull group; Hull: slide group) 
were similar to Picard et al. (2017), that is high levels of 
food motivation and social tolerance (social middle rank; 
Table 1). Each group was housed separately in outside avi-
aries (pull group:  30m2; slide group:  55m2; control group: 
 55m2). An indoor trained compartment was built  (4m2) for 
both the pull and the slide groups (Fig. S1; Online Supple-
mentary Material (OSM)). The door of the training compart-
ment (which allowed testing each demonstrator in isolation, 
see Procedure below) was removed during testing for the 
slide group (Pretoria zoo; Fig. S1 (OSM)). The enclosures 
contained natural wood perches and artificial nest boxes, and 
were regularly provided with cardboard boxes, empty plastic 
bottles, and large pieces of wood for enrichment purposes 
(Kemp, 2017). Usually, tests took place within the test area 
each morning (from 8 to 11 a.m.) and each afternoon (from 
1 to 5 p.m.). All birds were brought down to 85% of their 
weight during the time of the experimental period. A one-
at-a-time, highly favoured reward (defrosted pieces of mice 
or chicken heads/legs) was provided during the apparatus’s 
reloading. These subjects, and this species more generally, 
had not been tested in any social learning task previously.

Experimental setup and materials

The two-way foraging box consisted of a rectangular black 
plastic basket (40 cm in length × 30 cm in width × 30 cm in 
height) fixed to a wood board on its aperture side. A movable 

Table 1  Information about the ground-hornbills Within the born condition column, the term ‘harvested’ refers to the collection and rearing of 
redundant second-hatched chicks that would naturally die of starvation and dehydration if left in their wild nests

HR hand-reared, PR reared by natural parents, FP reared by foster parents

No. Subject Sex Age (years) Born condition Social rank Rearing 
experience

Baobab Southern Ground-hornbill Conservation Rearing Centre
  1 Kalula F 3 Captive bred Middle HR
  2 Mud F 5 Harvested Subordinate HR
  3 Nkosi F 13 Captive bred Dominant HR
  4 Red Rocks F 6 Harvested Middle HR
  5 Raymond M NA Wild caught Dominant PR
  6 WitchyWitch F NA Wild caught Dominant PR
  7 Adonsonia F 1 Captive bred Subordinate FP

National Zoological Gardens
  8 Chiredzi M 28 Wild caught Dominant PR
  9 Makalali F 7 Harvested Middle HR
  10 Hull F 7 Harvested Subordinate HR
  11 LIndada F 7 Harvested Subordinate HR
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platform (15 cm in length, 10 cm in height), with a square 
handle added to its centre, could be opened by either pulling 
or sliding (Figs. 1 and 2). The task could be solved only by 
using the bill (ground-hornbills do not use their feet during 
feeding: Kemp & Boesman, 2019). While the only way to 
get the reward successfully with the slide technique was to 
contact part 5 of the door (Fig. 2), we found that observers 
showed behavioural variations in the use of the pull tech-
nique. Indeed, although the demonstrator was trained with 

one pull technique (pull part 1; Fig. 2), some subjects also 
touched other parts of the movable platform to open the box 
(pull parts 2, 3, and 4; Fig. 2). Thus, a total of five box’s 
parts (parts 1–4 causing the pull technique, part 5 the slide 
technique) could be contacted to open the box (Fig. 2). The 
apparatus was mounted on a portable iron table (70 cm × 
30 cm × 20 cm) for the pull group, on two bricks (11 cm in 
height) for the slide group, and on the ground for the con-
trol group. The recording material consisted of two video 
cameras (Samsung camera HMX-F90, mounted on a tripod; 
Gopro Hero 5 Black, attached to the fence 110 cm mini-
mum above the ground) that, along with the apparatus, was 
removed from the test area after each test.

Procedure

Habituation and training phase

Test groups (pull group and slide group) Before the experi-
ment, for 1 h a day over three contiguous days, subjects 
were habituated to the video cameras located in a compart-
ment within the aviary (Fig. S1). All birds had access to the 
compartment (the front door of the compartment remained 
opened during this phase). In the next training phase, the 
demonstrators were visually isolated from their conspe-
cifics within the compartment (the front door was closed 
and opaque brown fabric covered each wall), to learn their 
respective technique (two trials per day, maximum 15 min 
each). Each demonstrator was trained to retrieve the food 
reward in the box by (i) pulling its front door (Kalula: pull 
group) and (ii) sliding its front door on the right side (Hull: 
slide group). We proceeded as follows: initially, the food 
reward was available in the opened box. Then, the reward 
was partly reachable inside the apparatus (we lifted/slid the 
front door progressively), so while trying to take the reward 
demonstrators unintentionally pulled/slid the front door. We 
repeated this procedure in a gradual manner until the door 
was completely closed and the reward out-of-reach. The two 
demonstrators had to open the box ten times in a row with 
the alternative technique blocked (within the second trial 
for Kalula: pull technique, and the third trial for Hull: slide 
technique; one session: five trials, trial duration: maximum 
5 min, inter-trial interval: 15 min). Then, the birds had to 
open the box ten times in a row with the other option free 
(both demonstrators did so within their first trial session; one 
session: five trials, trial duration: maximum 5 min, inter-trial 
interval: 15 min).

Control group To habituate the birds, we first placed one 
food reward in front of the box and waited until all birds 
approached the box and one subject ate the reward (‘pre-
habituation’; trial duration: maximum 5 min, inter-trial 

Fig. 1  Photographs of the apparatus with (a) the pull technique and 
(b) the slide technique used to get access to the reward

Fig. 2  Photograph describing the sites of the door that could be con-
tacted to open the box and reach the food reward. A total of five sites 
(parts 1–4 causing the pull technique, and part 5 causing the slide 
technique) was reported: pull part 1 involved inclining the head on 
the side and inserting the beak in the slot located on the superior part 
of the door, pull part 2 consisted of grabbing the square located in 
the centre of the door, pull part 3 involved inserting the beak in the 
slot located on the right side of the door, pull part 4 was similar to 
pull part 3 but implied the inferior part of the door, and slide part 5 
involved pushing the door on the right to create a sliding movement
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interval: 2 h, eight trials in total). In order to show the birds 
that the box contained a food reward, we then placed one 
food reward inside the opened box, and repeated this pro-
cedure eight times in a row (‘habituation’; trial duration: 
maximum 5 min, inter-trial interval: 2 h). All naïve birds 
approached the box during these procedures: in pre-habit-
uation, WitchyWitch got the reward on five occasions, and 
Raymond on three occasions. In the subsequent habituation, 
WitchyWitch got the reward on four occasions, Raymond on 
three occasions, and Adonsonia on one occasion.

Test phase

Test groups (pull group and slide group) Social demonstra-
tions took place in the opened compartment (pull group) or 
its location (slide group; see Subjects and Fig. S1, OSM). 
Before each test, the apparatus was placed against the aviary 
grid wall usually in the centre of the compartment (Fig. S1, 
OSM). To test ground-hornbills in an ecologically relevant 
social foraging context, we used an open diffusion experi-
ment, where all subjects (the observers and the demonstra-
tor) were simultaneously exposed to the rewarded apparatus 
during testing (Picard et al., 2017). Tests began when the 
experimenter opened the door (pull group) or left the test 
area (slide group). One minute minimum after each success-
ful box opening, either by the demonstrator or the observer, 
birds were slightly forced to leave the compartment. The 
experimenter subsequently baited the box out of the view of 
subjects in the closed compartment (pull group), or under-
neath an opaque tissue covering the box (slide group).

Control group The same procedure as that of the previous 
test groups was followed: the test began after the experi-
menter placed the apparatus and left the test area (the box 
could be opened using the slide/pull technique), except that 
the subjects had never seen a conspecific demonstrator open-
ing the box before being tested.

For each experimental group (test groups and control 
group), ten tests were conducted in total (maximum two tests 
per day, each test between 20 and 25 min). Some observers 
(n = 4: pull group: Mud and Red rocks; slide group: Lin-
dada and Makalali) saw both opening techniques (slide and 
pull) before their first opening success (for information about 
the number of social demonstrations received by observers 
before each of their opening success, see Fig. S2, OSM). 
This could not be prevented due to the social dynamic 
related to open diffusion experiments (all observers are 
simultaneously allowed to watch and learn from a trained 
demonstrator).

Scoring and analysis

All tests were live coded and video recorded and continu-
ous second-by-second coding of the videos was performed. 
Using a coding scheme that included eight behavioural cat-
egories (Table S1, OSM), we counted for each bird the num-
ber of behaviours exhibited by assigning a score of 1 when 
the behaviour lasted at least 1 s (e.g., touching the apparatus) 
or was completed (e.g., opening the box by sliding/pulling). 
A second naïve observer (blind to the experimental condi-
tion) coded a random 20% of video recordings (six out of 
30 tests in total in each of the three experimental groups). 
The Cohen’s kappa coefficient of inter-observer reliability 
calculated was κ = .92, which is considered high reliability.

Prediction 1: We expect learning enhancement to occur 
only within test groups

We implemented a generalised linear model (GLM; function: 
glm) using a Poisson error structure and a log link to assess 
whether there was a significant difference in learning enhance-
ment (touching the box) between observer and control birds 
during the test phase. Based on a previous study examining 
social learning in a corvid species (Miller et al., 2016), our 
response variable (Touch) corresponded to the total number of 
times a ground-hornbill touched the box, and our explanatory 
variables included Trial number and Group (control/observer).

Prediction 2: We predict that only observers should be able 
to open the apparatus

We determined whether subjects that received (test groups) 
or did not receive social demonstrations (control group) suc-
ceeded in opening the box, and noted the trial number dur-
ing which subjects opened the box for the first time in each 
group. We also used a Wilcoxon signed-rank test to assess 
whether the rapidity to first open the box differed between 
test groups. Opening success was defined as when subjects 
opened the box and got the reward, but also when birds did 
not get the reward, because (i) it has fallen accidentally at the 
bottom of the box, (ii) two subjects opened the box simulta-
neously using one technique, leaving one without a reward, 
or (iii) the reward was stolen (‘scrounged’; see Results).

Prediction 3: We expect subjects to show imitation learning

We assessed whether observers used the technique shown by 
the demonstrator (slide/pull) and touched more significantly 
specific parts of the box (pull parts 1–4 and slide part 5). 
We fitted a generalized linear mixed model (GLMM) with a 
negative binomial structure as overdispersion was reported 
(see below). Test (number of touches) was set as response 
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variable, Location (pull parts 1, 2, 3, and 4, and slide part 
5), Group (slide vs. pull), Sex (female vs. male), Social rank 
(subordinate, middle, dominant), as explanatory variables, 
and Subject (subject’s identity) as random effect. We did 
not include the variable Age (this species reaches maturity 
after 4 years; Kemp & Boesman, 2019), as all observers 
were adults in test groups. We also used Fisher’s exact test 
to assess individual preferences in using specific parts of the 
box at the individual level.

Prediction 4: We predict reporting agonistic and pilfering 
(‘scrounging’) behaviours within test groups

We counted the number of aggressive behaviours emit-
ted and received by each subject (i.e., 21 aggressions and 
22 received aggressions in total; see Results and Table 3) 
and the number of scrounging behaviours that occurred 
(observer or demonstrator) throughout the test phase (17 
scrounging behaviours in total; see Results and Table 3). 
When scrounging occurs inside the box: one bird opens the 
box but another bird succeeds in inserting its beak rapidly 
within the box and in getting the food reward. By contrast, 
when scrounging occurs outside the box: one bird opens the 
box, removes the food reward out of the box, and then it gets 
stolen by another bird.

All analyses were conducted in R Version 3.6 (R Core 
Team, 2019) and we used the packages MuMIn for model 
selection (Bartón, 2009), lme4 for fitting models (Bates 
et al., 2015), and emmeans for post hoc tests (Lenth, 2020).

Results

Prediction 1: We expect learning enhancement 
to occur only within test groups

We carried out a GLM analysis to assess whether there were 
differences in learning enhancement between groups. The 
best-fitting model was explained by Group and confirmed 
our prediction: observers touched the box more significantly 
than naïve individuals (4.820 ± 1.002, z = 4.811, p < .001). 
During the test phase, all observers interacted with the appa-
ratus while only one individual did so in the control group.

Prediction 2: We predict that only observers should 
be able to open the apparatus

We found evidence of social learning, as shown by the 
absence of variability in our data: all observers from the 
test groups succeeded in opening the box (see Video S1, 

OSM), while no naïve subject did so in the control group 
(albeit all birds from the control group approached and 
ate the food reward during habituation, and that one naïve 
individual (Adonsonia) touched the box during the test 
phase). Moreover, in 36 (pull group) and 39 (slide group) 
cases in total, observers and demonstrators from both 
groups re-opened the door just after another individual 
got the reward within the box (useful openings: 110 = pull 
group, and 132 = slide group). Subjects did not look or 
insert their beak inside the apparatus after this behaviour.

We used a Wilcoxon signed-rank test to assess poten-
tial differences between test groups regarding the rapidity 
(defined as test number) to first open the box. Although the 
pull technique was presented to the observers about twice as 
much as the slide technique (Kalula – pull group – showed 
88 box openings, while Hull – slide group – exhibited 51 
box openings; see Table 2), this did not affect the rapid-
ity with which individuals first opened the box (Wilcoxon 
signed-rank test: p > 0.99; pull group: Mud = test 4, Nkosi 
= test 1, Red rocks = test 3; slide group: Chiredzi = test 1, 
Lindada = test 3, Makalali = test 3; Table 2).

Prediction 3: We expect subjects to show imitation 
learning

We carried out a GLMM analysis to assess imitation learn-
ing within test groups and Fisher’s exact test to detect 
potential preferences for specific parts of the box at the 
individual level.

Slide/pull technique Only one bird in each test group (Red 
rocks = pull group and Lindada = slide group) used the 
method demonstrated initially (demonstrator Kalula: pull 
technique and demonstrator Hull: slide technique, respec-
tively). Two other birds (Makalali = slide group and Mud = 
pull group) had a preference towards the alternate technique 
(the technique not shown by the trained demonstrator; Fig. 3).

Actions directed towards specific parts of the box (pull parts 
1–4 and slide part 5) The Poisson GLMM showed overdis-
persion (score: 2.24). We thus conducted a GLMM with a 
negative binomial error structure. The best-fitting model was 
explained by Social rank and Group (Akaike weight: 0.297; 
sum of weights: Social rank = 0.55 and Group = 0.47) and 
subsequent post hoc tests did not reveal significant differ-
ences (Table S2, OSM). At the individual level, however, 
we found that some individuals used significantly more than 
one part of the box (Fisher’s exact test, p = < .001). Indeed, 
the part of the door contacted over trials was consistent for 
three observers (pull group: Red rock = part 1, Mud = part 
5; slide group: Lindada = part 5; Table 2).
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Prediction 4: We predict reporting agonistic and pilfering 
(‘scrounging’) behaviours within test groups

We determined social rank of each individual and meas-
ured scrounging behaviours. Dominant observers (n = 2) 

monopolized the apparatus during the first two trials and 
were the first to open the box (slide group: Chiredzi = 
test 1; pull group: Nkosi = test 1; Table 3). Thirteen (pull 
group: two inside the box, 11 outside the box) and ten (slide 
group: two inside the box, eight outside the box) scrounging 

Table 2  Description of subjects’ individual performance. Respec-
tively, from left to right, the following information is given: sub-
ject’s group and name, subject's role (D: demonstrator; O: observer; 
N: naïve), trial number of the first contact with the box (‘1st touch’), 
total manipulation time with the apparatus before first box opening 

(‘Manip’), trial number of first box opening with the box-opening 
technique used (‘1st open’), total observer’s box openings including 
first success (‘Total open’) with the slide technique (‘Slide’) and the 
pull technique (‘Pull’)

Role 1st touch Manip 1st open Total open Slide Pull

Pull
  Kalula D - - - 88 1 87
  Mud O T4 3s T4 (slide) 39 39 0
  Nkosi O T1 42s T1 (slide) 39 30 9
  Red roc. O T3 2s T3 (pull) 32 1 32

Slide
  Hull D - - - 51 50 1
  Chiredzi O T1 17s T1 (pull) 46 3 43
  Lindada O T3 36s T3 (slide) 49 49 0
  Makalali O T1 1s T3 (pull) 37 0 37

Control
  Adonsonia N T7 - - - - -
  Raymond N - - - - - -
  WitchyW. N - - - - - -

Fig. 3  Stacked histogram representing the parts that could be contacted to open the box (pull technique = parts 1, 2, 3, and 4; slide technique = 
slide part) in both test groups (demonstrator cited first in each test group, from left to right)
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behaviours in total were observed throughout the experiment 
(Table 3). Scrounging did not interfere with the acquisition 
of food-finding behaviour as all observers succeeded in 
opening the box.

Discussion

This study is the first to investigate social learning in 
Bucerotiformes, an avian order that is still highly under-
represented in the cognitive literature. Overall, our results 
show that observer ground-hornbills of both test groups 
rapidly learned a new food-finding behaviour from the 
observation of skilled conspecifics. Individuals from the 
control group were unable to solve the task, despite the 
interest of one individual contacting the apparatus. Only 
two individuals copied the technique and the directed 
action of the trained demonstrators. Details of the tech-
niques used and the sites of the apparatus contacted to 
open the box are discussed as potential indicators of 
social learning mechanisms.

The fact that all observers, but one control subject, made 
contact with the box supports our first prediction about the 
ubiquitous presence of learning enhancement in birds (see 
Prediction 1 in Results; Nicol, 1995; Slagsvold & Wiebe, 
2011). Similar results have been found in other avian spe-
cies tested with different methodological procedures (e.g., 
Amazon parrots, Amazona amazonica: Picard et al., 2017; 
Eurasian jays, Garrulus glandarius: Miller et al., 2016; 
great-white pelicans, Pelecanus onocrotalus: Danel et al., 
2020; jackdaws, Corvus monedula: Federspiel et al., 2019; 
New Caledonian crows, Corvus moneduloides: Logan 
et al., 2016; ravens, Corvus corax: Fritz & Kotrschal, 1999; 

white-throated magpie-jays, Calocitta Formosa: Langen, 
1996; yellow-crowned bishops, Euplectes afer afer: Danel 
et al., 2018). Manipulations of the apparatus by the naïve 
subject from the control group might be attributed to its 
juvenile developmental stage. In birds confronted with social 
learning tasks, young individuals are usually more explora-
tive and curious than adults (Biondi et al., 2013; Federspiel 
et al., 2019; Greenberg & Mettke-Hofmann, 2001).

Notably, within both test groups, all observers succeeded 
in opening the box (see Prediction 2 in Results). Each 
observer repeated box-opening behaviours throughout the 
tests, which indicates that the behaviour has been learned. 
Additional evidence for such reinforcement is that all birds, 
including demonstrators, had the tendency to re-open the 
‘empty’ box (another individual already got the reward). No 
subject looked or inserted its beak inside the box after re-
opening it, which allows us to preclude some misunderstand-
ing of the task. Moreover, even though observers in each 
test group did not benefit from the same amount of demon-
strations by trained individuals (88 in the pull group vs. 51 
in the slide group), this did not seem to affect the rapidity 
with which subjects within the slide group solved the task 
(Table 2). By contrast, no subject from the control group 
succeeded in opening the box, although they all approached 
and got the reward within the opened box during habitua-
tion. The difference in social-learning performance between 
control and test birds may be attributed to the visual positive 
reinforcement of the food reward and the enhancing effect 
of the demonstrator during the test phase. Further social-
learning tests, including measures on neophobia and motiva-
tional levels, should be conducted to draw firm conclusions.

Furthermore, ground-hornbills did not use the trained 
demonstrator technique significantly more than chance. 

Table 3  Subjects’ social rank and social factors. Respectively, from 
left to right, the following information is given: subject’s name and 
group, subject’s status (D: demonstrator; O: observer), rank (Mid.: 
middle ranked; Sub.: subordinate; Dom.: dominant), total number 
of scrounging made by each observer before their first box open-

ing (Scrounging; in = inside the box), total number the same indi-
vidual was a scrounger (Scrounger; in = inside the box), or a victim 
of scrounging (Victim), and total number the same individual was an 
attacker (Attacker) and/or a victim of aggression (Victim)

Scrounging Total scrounging Aggression

Status Rank Before 1st succ. Scrounger Victim Attacker Victim

Pull
  Kalula D Mid. - 2 11 3 7
  Mud O Sub. 0 4 (0 in) 0 0 4
  Nkosi O Dom. 2 (1 in) 3 (2 in) 1 8 0
  Red roc. O Sub. 0 4 (0 in) 1 0 0

Slide
  Hull D Mid. - 4 0 7 1
  Chiredzi O Dom. 0 0 1 4 0
  Lindada O Sub. 2 (2 in) 3 (2 in) 3 0 5
  Makalali O Sub. 0 3 (0 in) 6 0 5
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However, at the individual level, and although they had 
encountered the opportunity to watch both methods prior 
to their first opening, four subjects exhibited preferences 
for one technique (Lindada = slide, Makalali = pull, Mud 
= slide, and Red rocks = pull; Fig. S2, OSM). These pref-
erences emerged straight away without extensive manip-
ulations of the box prior to the first success (Table 2). 
Interestingly, two birds (Red rocks and Lindada) opened 
the box by touching the same sites as their respective 
demonstrator. The possibility that these birds match (or 
imitate) the motor action of trained individuals, however, 
needs further investigation. Noteworthy, Red rocks used 
the alternate technique once. When this change in Red 
Rocks’s behaviour occurred, the access to part 1 of the 
door (which consisted of the usual part contacted by this 
subject to open the box) was blocked by a higher-ranked 
individual (Kalula). In this highly competitive context, and 
without prior experience with the alternate technique, Red 
rocks used the slide technique straight away and got the 
reward. We suggest that this subject acquired the slide 
technique through previous repeated observations, but 
flexibly adopted this optional strategy in constraining 
circumstances.

The fact that some observers watched both methods prior 
their first success, however, hinders our interpretations 
about the demonstrator’s influence on observers’ behav-
iours. To prevent the possibility for observers to watch both 
techniques, further experiments using the open diffusion 
approach may block the alternate technique specifically for 
demonstrators interacting with the box. This could be made, 
for instance, by fitting demonstrators with a leg ring contain-
ing a uniquely identifiable passive integrated transponder 
(PIT) tag combined with the use of automated boxes. An 
additional ghost control procedure (e.g., Kis et al., 2015), 
where two groups of ground-hornbills may observe differ-
ent opening mechanisms automatically (e.g., a sliding door 
moving on either the left or the right side), could also be 
administered to know more about the social-learning mecha-
nisms at play in this species (e.g., whether success is influ-
enced by emulation of the movement of the object; Fugazza 
et al., 2019).

In contrast, two subjects (Chiredzi: slide group, Nkosi: 
pull group) used both techniques throughout the experiment 
and benefitted only from the demonstration of the trained 
technique prior to their first success. During the first two test 
trials, both guarded the apparatus and the other observers 
(and trained demonstrators) were prevented from entering 
and/or interacting with the experimental device. Therefore, 
the rapid performance of these subjects was most probably 
due to the fierce monopolization of the apparatus, rather 
than a difference in learning efficiency per se. Moreover, 
their first performance was not straightforward: Chiredzi 
and Nkosi manipulated the box by touching it or kicking it 

hard before opening it, which suggests local enhancement 
followed by individual trial-and-error learning.

Albeit scrounging did not inhibit subjects’ social learn-
ing performance, the role of the demonstrator’s age and 
social rank (including demonstrators and subsequent suc-
cessful observers) on the technique of subordinate observers 
may not be excluded. The older and higher-ranked observ-
ers, Chiredzi and Nkosi, predominantly used the alternate 
technique (the technique not shown by the demonstrator) 
to solve the task. It is a possibility that the behaviour of the 
initial lower-ranked and younger demonstrators (Hull and 
Kalula, respectively) was not sufficiently salient to attract 
their attention. Age and high social status have been found 
to play a significant role in information transmission through 
social learning in animals (e.g., Eastern water skink, Eulam-
prus quoyii, Kar et al., 2017; domestic fowl, Gallus gallus 
domesticus, Nicol & Pope, 1999). Moreover, the identity 
and characteristics of the dominant demonstrator may also 
be important for the subordinates, which may display prefer-
ential attention to certain individual dominants (van de Waal 
et al., 2010). This may explain why the first successful tech-
nique of three observers (Lindada, Makalali, Mud) did not 
match the most frequently demonstrated method or was not 
influenced by the last demonstration they were exposed to. 
However, without a future experiment including subordinate 
demonstrators, this assumption must be taken with caution.

Contrary to other avian species tested on a similar open-
diffusion paradigm (blue tits; Aplin et al., 2013, 2015), 
learning was not most frequently biased towards the dem-
onstrator’s method. Our results resemble those obtained 
in another highly social and large-brained bird species, 
the Amazon parrot (Picard et al., 2017), where only indi-
viduals from the test groups learned efficiently how to 
open the box (although most parrots used both techniques 
to solve the task). It is a possibility that faithful copy-
ing is not ecologically relevant under natural condition 
for both species, and for several avian species in general 
(Nicol, 1995; Slagsvold & Wiebe, 2011). For instance, 
during snake pursuing and hunting in ground-hornbills, 
learning to focus the attention towards specific sites of 
the prey body (snake head) would be sufficient to kill it 
in all safety. In this context, the ground-hornbill observer 
may just need to locate where – rather than precisely how 
– the knowledgeable conspecific directs its pickaxe-like 
strikes on the prey. Thus, contrary to our second predic-
tion, fine-scale stimulus enhancement may be sufficient to 
learn how to forage efficiently in young and inexperienced 
wild ground-hornbills.

Future experiments also need to be carried out to assess 
the influence of dominance and intrinsic individual fea-
tures (age, body condition, motivation, personality, sex) 
on social learning in ground-hornbills. Similar to other 
communal avian breeders (e.g., babblers, Turdoides spp.; 
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Florida scrub-jay, Aphelocoma coerulescens: Greenwood 
& Harvey, 1982; Paradis et al., 1998), sex differences in 
dispersal have been reported in ground-hornbills (Kemp, 
1988). Generally, females disperse from their natal group 
at less than 1 year on average (Carstens et al., 2019), while 
males stay longer as helpers. Thus, regarding the chal-
lenges associated with dispersal (Aplin et al., 2013), test-
ing females of varying developmental stages may provide 
information on whether they are more capable of attending 
to the behaviour of the demonstrator.

Importantly, these results can be exploited to develop 
relevant conservation tools (Greggor et al., 2014, 2017). A 
wide range of threats poses a significant risk to the persis-
tence of Southern ground-hornbills in South Africa (Kemp 
et al., 2020; Morrison et al., 2005). Like other large birds, 
such as the Californian condor (Gymnogyps californianus; 
Kelly et al., 2015), several ground-hornbills end up being 
electrocuted when perching on transformer boxes (Tay-
lor & Kemp, 2015). Management methods (e.g., altering 
structures) have had only a minimal impact on popula-
tion protection. To promote successful reintroductions in 
the wild, a follow-up study is in progress to reduce this 
risky behaviour through social experience with conspe-
cific demonstrators perching on mock transformer boxes 
and receiving a small but deterrent electrical shock that 
leads to an aversion to perching on transformer boxes 
post-reintroduction.

In conclusion, we report the first evidence of social 
learning in ground-hornbills within the foraging context. 
In the wild, the benefits of this cognitive capacity to this 
species are likely to involve several circumstances, vary-
ing from joining conspecifics at a food source to learning 
to kill dangerous prey such as highly venomous snakes. 
Given the consistent preferences of some observers for 
one specific technique and/or site of the box, it may be 
tempting to attribute our results to imitation learning. 
However, notably due to our small sample size, a more 
parsimonious explanation is that fine-grained learning 
enhancement most likely explains ground-hornbills’ 
performance.
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