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Abstract

The string-pulling paradigm is an approach commonly used in the study of animal cognition to investigate problem-solving
abilities. This test involves an out-of-reach reward that can only be acquired through pulling a string. Australian magpies
(Gymnorhina tibicen tyrannica) can solve cognitive tasks requiring associative and reversal learning, spatial memory, and
inhibitory control. Nonetheless, whether magpies can pass a test of means-end understanding—the string-pull test—is
unclear. We tested wild magpies on a string-pulling task with five configurations, including a long loose string that required
several pulls to obtain food, a short string that only required a single pull to complete, and two short strings—one intact
and connected to the food reward; the other broken and unable to yield food when pulled. Of the 11 magpies tested, none
solved the long string task at first presentation. Two naive birds and three, subsequently trained, birds succeeded at the short
string. Once proficient at the short string, four of these five birds then solved the long string task; in addition, three learned
to choose a functional, intact string over a non-functional, broken string. Overall, these observations provide evidence that
Australian magpies have the ability to solve string-pulling tasks but it remains unclear whether they do so by trial-and-error
or if they possess means-end understanding.

Significance statement

We found, for the first time, that wild, free-ranging Australian magpies can learn to solve different versions of a string-
pulling task; a version with a short string, a long string, and two strings next to each other where one of them was broken
and non-functional (broken string task). Some magpies spontaneously solved the task with the short string, where other
magpies required training, and magpies only managed to solve the task with the long string after they had succeeded on the
short string task. Furthermore, some of the magpies solved the broken string task but required a high number of trials to do
so. Overall, our findings show that Australian magpies have the ability to solve string-pulling tasks but it remains unclear
whether they do so by trial-and-error or if they understand causal relations between objects.

Keywords Animal cognition - Causal reasoning - Complex cognition - Physical cognition - Problem-solving - String-
pulling
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environments where learning about reoccurring sequences of
events (physical or social) is important for survival (Emery
and Clayton 2004; Huber and Gajdon 2006). Herein, we
define causal reasoning as the construction of mental repre-
sentations of sequences of events, where a particular event
brings about a second event via a certain action or process.
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reasoning is associative learning which links together adjoin-
ing events. Associative learning is restricted to effects that
immediately precede causes, such that A always leads to B,
though associative learning can also occur over longer time
intervals with only probabilistic outcomes, but without any
understanding of how and why that is (Pearce and Bouton
2001; Gershman 2015). However, in some habitats it may be
more adaptive to understand how the world works, for exam-
ple in rapidly changing urban environments where the habi-
tat might change drastically within the lifetime of an indi-
vidual. Causal reasoning is therefore adaptive for animals
living in complex environments, faced with situations where
important events are separated in time and space (Huber and
Gajdon 2006). Detecting causality requires that the animal
can assign and comprehend cause-and-effect to objects or
other animals in the environment and that there are specific
means leading to an end goal. Such means-end comprehen-
sion requires knowledge of causal relations between objects
and may lead to representations of abstract concepts such
as connectivity and connectedness between objects, and an
understanding that a chain of events or actions results in a
specific outcome (Huber and Gajdon 2006; Krasheninnikova
2019). Means-end reasoning and understanding involves
finding means for achieving goals and is expressed behav-
iourally as a deliberate and planned execution of a sequence
of actions to attain a desirable outcome. Understanding of
such means-end relations can be identified in circumstances
where an obstacle preventing an animal from achieving a
goal must be removed (Huber and Gajdon 2006; Jacobs and
Osvath 2015; Krasheninnikova 2019).

String-pulling is a common experimental paradigm used
to evaluate means-end understanding and problem-solving
performance of animals in cognition research (Jacobs and
Osvath 2015). In this task, a reward (usually food or a food
container) is attached to the end of a piece of string that
must be pulled to bring the reward within reach. In the case
of string-pulling, the aforementioned obstacle that must
be removed is the distance to the out-of-reach reward. To
have means-end understanding, the animal must recognize
the string as a means to obtain the reward, and understand
that there is a causal relationship between string and reward
(Krasheninnikova 2019). There are many variations on the
string-pulling task, for instance, strings can be oriented hori-
zontally or vertically, and with a single string or multiple
strings. Multiple strings can be presented in a variety of pat-
terns (patterned-string tasks: e.g., perpendicular, slanted,
crossed, contact/no contact, etc.) that tests how animals solve
the problem of reaching the reward (Wasserman et al. 2013).

String-pulling, a naturally occurring behaviour in
some species, may provide a means by which to explore
in which environments and sociobiological contexts cog-
nitive abilities such as causal reasoning evolved (Jacobs
and Osvath 2015). In the wild, some bird species pull on
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twigs, caterpillar threads, and seedlings to obtain food items
(Altevogt 1954; Thorpe 1963; Dickinson 1969; Bossema
1979; Seibt and Wickler 2006), and crows and ravens (Cor-
vus spp.) have been observed to learn how to tug on fish-
ing lines to obtain fish (Larsson 1958; Boswall 1977). In a
laboratory setting, several avian groups such as passerines,
parrots, pigeons, and birds-of-prey have succeeded on vari-
ations of the string-pulling task, albeit with high between-
individual variation in performance (reviewed in Wasserman
et al. 2013; Jacobs and Osvath 2015; Wakonig et al. 2021).
Some species of passerines, parrots, and pigeons learn to
pull strings by trial-and-error (Vince 1958, 1961; Schmidt
and Cook 2006; Chaves Molina et al. 2019). In contrast,
ravens (Corvus corax) and kea (Nestor notabilis) show rapid
problem-solving in that they spontaneously solve string-pull-
ing tasks on the first attempt and seem to understand means-
end relationships between string and reward (Heinrich 1995;
Heinrich and Bugnyar 2005; Werdenich and Huber 2006;
Bastos et al. 2021). An interesting example comes from a
study on African grey parrots (Psittacus erithacus), where
performance on the task was compromised in individuals
that received language training and could verbally request
the reward from the researcher instead of pulling the string
(Pepperberg 2004). In addition to foraging ecology, the
socio-ecology of a species might also be a factor for evolv-
ing skills that can prove useful for solving string-pulling
problems. At least in parrots, social organization seems to
predict string-pulling performance better than other ecologi-
cal factors, phylogeny, or brain size (Krasheninnikova et al.
2013; Krasheninnikova 2014). Similar cognitive skills used
for string pulling might have evolved in different species
through convergent or parallel evolution of socioecological
variables (Osvath et al. 2014).

In this paper, we address the relevance of the string-
pulling test in the Australian magpie (Gymnorhina tibicen;
sometimes referred to as Cracticus t.). Australian magpies
are passerine birds and members of the Artamidae which
also includes butcherbirds, currawongs, and wood swallows
(Christidis and Boles 2008; Kearns et al. 2013; Cake et al.
2018; Gill et al. 2023). Magpies sometimes breed coopera-
tively and live in territorial groups ranging in size from 2
up to 26 individuals (depending on the subspecies), but usu-
ally with at least a dominant male and female pair (Kaplan
2019). They are highly territorial and groups cooperate to
defend their territory and subordinate magpies within the
group are known to participate in alloparental care. Juveniles
usually remain within the group’s territory for at least a year
(but in some cases longer), and by the next breeding season
are forced to leave by the adults (Kaplan 2019). Magpies
exhibit complex behaviours such as play in addition to liv-
ing in social structures, and having a long developmental
period before fledging fully (before leaving the territory),
all of which are associated with complex cognition in birds
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(Emery 2006; Kaplan 2019, 2020). In addition, Australian
magpies have an impressive vocal repertoire, are capable of
vocal learning, and are even able to discriminate different
human voices (Brown et al. 1988; Brown and Farabaugh
1991; Kaplan 2005; Dutour et al. 2021). Australian magpies
are curious and eagerly participate in experiments presented
to them in both wild and laboratory settings; they can suc-
ceed on cognitive tasks requiring associative and reversal
learning, spatial memory, and inhibitory control, and can
learn to pull on sticks to extract food (Mirville et al. 2016;
Ashton 2017; Ashton et al. 2018; Blackburn et al. 2022;
Connelly et al. 2022; Johnsson et al. 2022a, b). These fea-
tures make magpies an excellent model species for cogni-
tion research. Furthermore, magpies are also highly social
birds, which may drive the evolution of more advanced
cognition (Humphrey 1976; Dunbar 1998). Some of these
social drivers for evolution of complex cognition include the
need to maintain and coordinate relationships, keep track of
other group members, recognize cooperative partners, and
the need to outwit rivals in competitive interactions (Byrne
and Whiten 1988; Brosnan et al. 2010; Massen et al. 2014).
Accordingly, wild Australian magpies that live in larger
groups show increased cognitive performance, which is
also associated with increased reproductive success (Ashton
et al. 2018). Therefore, based on previous cognitive studies
on magpies and because of the social group living in this
species, we predict that Australian magpies have evolved
the ability to understand causality and exhibit means-end
behaviour (Emery and Clayton 2004).

In this study, we tested the ability of means-end under-
standing in wild Australian magpies by their ability to suc-
ceed in several configurations of the string-pulling paradigm.
We tested magpies naive to string-pulling tasks on a single
long string, which required multiple pulls on the string to
obtain the food reward. If magpies failed, we tested whether
they could solve a simpler task that involved a short string
that only required a single pull. The reasoning for presenting

magpies with a longer string before a short string was to see
if they could innovate a solution to a novel and more diffi-
cult problem before being presented with an easier problem.
Then, after the short string we, again, presented magpies
with a long string to investigate whether magpies that were
no longer naive to string-pulling tasks could find success.
Finally, we tested whether magpies understood string con-
tinuity by presenting them with a task that required them
to discriminate between two strings: one being broken and
thus non-functional.

Methods
Study species

We studied 11 free-ranging, wild, adult Australian magpies
(7 females) of the Victorian subspecies Gymnorhina tibi-
cen tyrannica (also known as Cracticus t. t.; see Cake et al.
2018; Gill et al. 2023; but see also Kearns et al. 2013) at La
Trobe University Bundoora campus and Albert Park, Mel-
bourne, Australia, from October 2021 to May 2022. Both
study sites were city parklands consisting of large lawns,
trees, bodies of water, walkways, roads, buildings, and with
anthropogenic disturbances (i.e., people walking, bicycles,
street traffic, etc.). The 11 magpies stemmed from 5 separate
territories (3 at Albert Park and 2 at La Trobe University
Bundoora campus; Table 1). Each territory was approxi-
mately 3 — 5 hectares.

Sex and age were identified based on plumage (males
have a white plumage on the back and females have a grey
back plumage; juveniles have mottled grey plumage),
beak coloration (juveniles have darker beak colouration),
and behaviour (begging behaviour, parental behaviour,
dominance displays) (Kaplan 2019). Seven of the 11 mag-
pies were banded for individual identification; the oth-
ers were identified based on unique body characteristics

Table 1 Success (S) and failure

Subjects Territory  Coordinates

Experiment 1:  Experiment 2:  Experiment 3: Experiment 4: Experiment 5:

(F) on each string—pulling Long string Short string Short string Long string Broken string
experiment for 11 individual training after short
Australian magpies; birds could
. 1f AP1 37°50'55.1"S 144°58'07.8'E  F F S F
only advance to Experiments
4 and 5 if they succeeded on m AP ! F F § §
the short string (Experiments 2 3f AP2 37°50'48.4"S 144°58'06.2"E  F F F
or 3). In the Subjects column, 4m AP2 | F F F
“m” and “f” indicates whether 5t AP2 I F S
the bird was male or female. 6m AP3 37°50'42.9"S 144°57'50.5"E F S . S
Territory and Coordinates 7f AP3 | F F F
colgmns indicate frgm which sf AP3 | F F F
ter(rlltolrly ea‘ﬁ‘ magpie was from of LTUL  37°4308.2'S 145°0249.0'E  F F F .
and where the territory was
y 10m LTU1 | F F S F S
located
11f LTU2 37°43'02.3"S 145°02'56.8'E  F F F
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and behaviour. Australian magpies are often curious, and
in urban habitats they are accustomed to being fed by
humans. Therefore, they readily interacted with us and
the tasks presented to them. In fact, most of the time they
would come towards us as we entered their territories.

String-pulling apparatus

The testing apparatus consisted of a transparent plastic
box (30 cm long X 22 cm wide X 8 cm high) attached to a
wooden base (33 cm long X 34.5 cm wide X 1.5 cm thick).
A white string (3 mm diameter and either long [80 cm] or
short [20 cm]) was attached to a transparent plastic dish
(7 cm diameter and 3 cm high) containing grated cheese.
A rectangular hole (19 cm wide X 3.5 cm high) was cut out
of one end of the box which allowed the dish to be placed
inside the box (Fig. 1). The birds could see the full string
length and food dish through the transparent plastic box.

Training

Australian magpies are ground-foraging birds (Kaplan
2019). Therefore, we presented a horizontal string-pulling

Fig. 1 String-pulling apparatus.
(A) Long string configuration
used in Experiments I and 4,
(B) short string configuration
used in Experiments 2 and 3,
and (C) broken string configura-
tion used in Experiment 5
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apparatus to them on the ground, within each bird’s territory.
However, before any of the experiments started, we offered
the magpies food on dishes placed on the string-pulling
apparatus. This training consisted of two steps. First, we
placed the food-filled dish on top of the apparatus. To pass
this step, magpies had to eat from the dish three consecutive
times. Once completed, we placed the dish containing food
half-way into the apparatus, so the magpie could eat from
the dish without pulling the string; each magpie had to eat
from the dish another three consecutive times. After training,
we tested the birds on different string-pulling experiments
detailed below (Fig. 2).

General experimental procedures and limitations

All birds habituated readily to the experimenters (RDJ and
PSV) and would approach to within a meter radius. For
training and experiments, we would first enter a magpie ter-
ritory and search for birds by walking around the area. If we
spotted a magpie, we would throw small pieces of cheese to
try to attract the bird. If a magpie approached, we would then
place the string-pulling apparatus on the ground and then
step away approximately 4 m from the apparatus to allow
the magpie to interact. All experiments were recorded with
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Fig.2 Experimental protocol.
Flow-chart showing the order
of experiments depending on
success (green), failure (red), or
either (purple)

Failure €

Experiment 3

QJ Success

Experiment 1

FaiIure*

Experiment 2

N Success

Experiment 5

* Success

Experiment 4

* Success or Failure

Experiment 5

a Sony HDR-PJ430VE camera mounted on a tripod. Test-
ing and scoring was done by RDJ and PSV, and RDJ looked
through the videos to confirm the scores. It was not possible
to record data blind because our study involved focal animals
in the field.

Since all magpies were free-ranging wild birds, on some
days we could not find them within their territories and on
other days they would not opt to interact. We were only able
to test them when they willingly interacted with the appa-
ratus. Thus, motivation was not standardized as these were
wild birds tested haphazardly over time. Because we tested
the magpies within their own territories, we could not isolate
the focal individual from other group members during test-
ing, making it likely (or even certain) that group members
observed subjects during testing. These limitations were the
same for all experiments.

Experiment 1: Long string

In Experiment 1, we presented naive magpies with a long
string (80 cm) coiled inside the apparatus (Fig. 3A). Because
the string was long, the magpies had to pull it several times
in order to obtain the dish containing the food reward, and
thus successfully make one extraction. Five successful
extractions served as our criterion for success; maximum
time-on-task per extraction before defaulting was 10 min.
The timer and apparatus were reset after a successful extrac-
tion, however, if the time was reached but the extraction
was unsuccessful the bird failed the experiment. Within the
time limit, the bird was allowed to try and fail to extract

food by pulling the string. If a bird attempted to pull the
string, without obtaining food, and then walked away from
the apparatus, then the string was quickly reset to its original
configuration (< 1 min). The timer for time-on-task com-
menced when the bird was within a ca. 1 m radius of the
apparatus, and the timer was paused when the bird went
outside the radius. If a bird stopped interacting and flew
away, the timer was stopped, the apparatus was removed,
and we presented the test again on a following day. On some
occasions we had to motivate the magpies to participate by
placing small pieces of cheese near (but not touching) the
string, or on, or in front of, the apparatus. The definition for
time-on-task and method of motivation was the same for all
experiments.

Experiments 2 & 3: Short string and training

If magpies failed Experiment 1, they moved on to the sim-
pler Experiment 2 where we presented magpies with a short
string (20 cm) that only required a single pull to succeed
(Fig. 3B). If magpies failed Experiment 2, we trained them to
complete the short string task as an Experiment 3, although,
it is important to note that after having received training,
the magpies where again presented with an identical string
configuration as in Experiment 2, the only difference being
that the magpies had now been trained to complete the task
(Fig. 3C). Here, we trained magpies in a stepwise manner by
first placing the food-containing dish outside the apparatus
(as in the training phase), and then for each time they fed
from the dish, we placed the dish deeper into the apparatus

@ Springer
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Fig.3 Top view diagram of the
five experiments. (A) Experi-
ment 1, (B) Experiment 2, (C)
Experiment 3, (D) Experiment
4, and (E) Experiment 5

&

(A) Experiment 1: Long string (naive)

(B) Experiment 2: Short string

O

Step 1

©

(C) Experiment 3: Short string training

Step 2 Step 3

S

(D) Experiment 4: Long string (experienced)

(E) Experiment 5: Broken string

© O

until it reached the same position as in Experiment 2. To
encourage interaction with the string, we also put cheese in
contact with the string, so the string would move when the
magpies pecked the cheese. Once the dish had reached the
same position as in Experiment 2, provided the magpie suc-
cessfully extracted the food five times in total, they advanced
to the next experiment.

@ Springer

Experiment 4: Long string after short string

If magpies failed on Experiment I and succeeded on
Experiments 2 or 3, they moved on to Experiment 4. Here,
we presented magpies with exactly the same long string
test as in Experiment I, the only difference being that now
the magpies were no longer naive given their experience
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on successfully pulling a short string (Fig. 3D). The suc-
cess criterion was five successful extractions in total.

Experiment 5: Broken string

Lastly, if magpies succeeded on the short string (Experi-
ments 2 or 3), they were tested on Experiment 5. Here we
presented the magpies with two parallel short strings: one
string was intact and connected to the food dish; the other
was broken in the middle and thus non-functional (Fig. 3E).
Whether the broken string was on the left or right was
pseudo-randomized; the same string could only be presented
on the same side at most twice in a row. We used 10 out of
12 (83%) correct choices as our criterion for successfully
completing the task. Each magpie was tested until reaching
10/12 correct choices and was given a maximum of 100
choices to reach criterion after which the task was recorded
as a failure. As per all previous experiments, maximum
time-on-task was 10 min with the timer reset whenever the
magpie pulled a string. A binomial test was done in IBM
SPSS Statistics 28.0.

Results

None of the 11 Australian magpies were able to spontane-
ously solve the long string task within the given timeframe
(Experiment 1) (Table 1). Some of the magpies occasion-
ally pulled the string, but not enough to extract the food
dish from the apparatus. Two naive birds (Experiment 2)
and three trained birds (Experiment 3), succeeded at the
short string. Once proficient at the short string, four of these
five birds could then solve the long string (Experiment 4).
Furthermore, of these five birds, three magpies learned to
discriminate between an intact string and a broken string
within 100 trials (Experiment 5) (Table 2; Supplementary
Table 1). The magpies required a high number (54, 71, and
77, respectively) of trials to solve the task, with a close-
to-chance performance in the first twelve trials compared
to the above-chance levels in the last twelve trials (10/12

successful trials represents a significant deviation from ran-
dom binomial probability; binomial test: p =0.039).

Discussion

Some wild Australian magpies can spontaneously solve, or
be trained to solve, a string-pulling task that requires the
bird to pull a horizontally-oriented, single rewarded short
string where only one pull is needed to succeed. Magpies
can also be trained to solve a long string task that requires
several pulls to reel-in the reward, and thus does not rely
on immediate feedback. However, magpies were only able
to solve this long string task after they had had experience
on pulling a short string. Taken together, these tasks that
involve a single string provide evidence that Australian mag-
pies possess the necessary sensorimotor skills required to
obtain the reward. Because only those individuals that had
experience pulling a short string were able to solve the long
string task, Australian magpies could, in principle, rely on a
perceptual-motor feedback loop when pulling strings. Such
a feedback loop does not rely on any mental modelling of
the effects of an animal’s actions; instead, it may involve
only associative learning or operant conditioning (Taylor
et al. 2010). However, at least to our knowledge Australian
magpies do not exhibit behaviour reminiscent of continuous
pulling in the wild, and it is unlikely that magpies naturally
pull on an object to get to another object. Therefore, it is
also possible that once a magpie realises that pulling a string
produces a food reward, then they are primed to learn more
complex pulling tasks.

Importantly, Australian magpies can, likely facilitated
through trial-and-error, learn to discriminate between bro-
ken and intact strings. The broken string test (also called
“contact/no contact” e.g., Jacobs and Osvath 2015) neces-
sitates that the animal has the capacity to visually deter-
mine whether objects are physically connected. This task
was solved by three of five Australian magpies. The mag-
pies probably solved this task by trial-and-error learning as
indicated by the high number of trials needed to succeed
on the task, which is also shown by the close-to-chance

Table 2 Performance on the

) . Subjects  Trials until success No. of correct No. of incorrect % Correct % Correct % Correct
broken string Fask (Exp ertmfn{ , criterion choices choices choices in first in last 12
5). In the Subjects column, “m Overall 12 trials trials
and “f” indicates whether the
bird was male or female 1f n/a 48 52 48% 50% 339
2m 54 33 21 61% 67% 83%*
5f n/a 45 55 45% 42% 50%
6m 71 45 26 63% 75% 83%*
10m 77 44 33 57% 42% 83%*

*Binomial test, p < 0.05
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performances in the first twelve trials compared to the
above-chance levels in the last twelve trials. Nevertheless,
this result suggests that wild Australian magpies might be
able to learn the concept of connectedness between two
objects (Piaget 1954), which in turn is evidence consistent
with the idea that they have or can acquire means-end under-
standing (as per Jacobs and Osvath 2015), though further
study is needed.

An alternative, and perhaps more parsimonious, explana-
tion is that Australian magpies learnt to associate the percep-
tual features of the gap in the broken string with the reward
rather than obtaining any understanding of means-end rela-
tions (Povinelli 2000). Indeed, this explanation would be
similar to results from pigeons and African grey parrots that
can learn to succeed on a means-end task, but do so via
focus on visual differences between the strings instead of
functionally understanding the means-end problem (Schmidt
and Cook 2006; Chaves Molina et al. 2019). In order to test
whether magpies rely on perceptual cues or have means-end
understanding, one could test them on a task where they
need to pull a broken string to receive the reward, which
could be done using thin, visually undetectable fishing line
(or some other string) to connect the broken string. If mag-
pies learn to solve this problem that violates causal under-
standing of connectedness between objects, that will provide
evidence for that they do not have means-end understanding,
but rely on perceptual features.

Notwithstanding, the result that some magpies could
succeed on the broken string task is comparable to that of
corvids and parrots, such as hooded crows (Corvus cornix;
n =6 successful birds of 8 studied; Bagotskaya et al. 2012),
azure-winged magpies (Cyanopica cyanus; n=3 of 6; Wang
et al. 2019), Lear’s macaw (Anodorhynchus leari;n=1 of 4)
and Hyacinth macaws (Anodorhynchus hyacinthinus; n=4
of 4; Schuck-Paim et al. 2009), galahs (Eolophus roseica-
pilla; n=3 of 6) and a cockatiel (Nymphicus hollandicus;
n=1 of 10; Krasheninnikova 2013), spectacled parrotlets
(Forpus conspicillatus; n="7 of 8; Krasheninnikova et al.
2013), and peach-fronted conures (Eupsittula aurea; n=73
of 4; Torres Ortiz et al. 2019). One can also see the great
between-individual variation in success among the species
that solve the broken string task; variability that is reflected
in our magpies (n=3 of 5).

In contrast, some birds that failed on the broken
string task were: New Caledonian crows (Corvus
moneduloides; n=11; Taylor et al. 2012), great-tailed
grackles (Quiscalus mexicanus; n=38; Logan 2016),
blue-fronted amazons (Amazona aestiva; n =2; Schuck-
Paim et al. 2009), rainbow lorikeets (Trichoglossus hae-
matodus; n=10), green-winged macaws (Ara chloro-
ptera; n=4) and sulphur-crested cockatoos (Cacatua
galerita triton; n = 3; Krasheninnikova et al. 2013),
African grey parrots (Psittacus erithacus; n=3; Chaves
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Molina et al. 2019), and kea (Nestor notabilis;, n=17,
Bastos et al. 2021). It is curious that New Caledonian
crows and kea which are known for their complex cog-
nition do not solve the broken string task. Although it
should be noted that the New Caledonian crows and kea
were presented with a more difficult task that involved
a coiled long string (as in our Experiment 1) that was
broken rather than a short string as in our study (Tay-
lor et al. 2012; Bastos et al. 2021; but see Auersperg
et al. 2009 where kea solve a similar means-end task).
Certainly, it would be interesting to test our Australian
magpies that solved the broken string task on the same
task using a coiled long string.

To conclude that an animal has means-end understand-
ing, performance has to be investigated using multiple
strings (patterned-string problems). Four criteria have
been proposed that establishes means-end understand-
ing: (1) goal-directedness, (2) no proximity errors, (3)
flexible solutions, and (4) no dependence on perceptual
feedback (Jacobs and Osvath 2015). Here, we argue that
Australian magpies may fulfill criterion 2 in our broken
string task, and criterion 4 in our long string task. If the
magpies had relied solely on proximity to the reward as a
rule for which string to pull and paid no attention to the
connection between string and reward, they would have
performed at chance level because both the intact and
broken strings had the same distance from the end of the
string to the reward. However, with our results we are not
able to fully rule out proximity errors and future studies
should test magpies on patterned-string problems where
only one string is baited and the strings are presented per-
pendicular or slanted to each other (see Jacobs and Osvath
2015 for details). In the long string task, magpies had to
pull the string multiple times before the reward moved.
Therefore, the magpies could not rely on immediate visual
feedback to solve the problem (i.e., the food did not move
closer on the initial pull). That said, it remains possible
that magpies relied on operant conditioning (of pulling a
string) given they solved the long string task only after
they had succeeded on the short string task. Consequently,
our study would have benefitted from testing magpies on
different patterned-string tasks that further test the four
criteria for means-end understanding (Jacobs and Osvath
2015). For example, future studies should present mag-
pies with two strings next to one another with only one
string baited to provide evidence for goal-directedness,
and slanted or crossed strings to strengthen our results on
the absence of proximity errors condition. To test flexible
solutions, a string with a weight too heavy to pull can be
presented to see whether magpies inhibit their pulling
response, and to more rigorously test for dependence on
perceptual feedback, a task that restricts visual feedback
to the reward can be used.



Behavioral Ecology and Sociobiology (2023) 77:49

Page9of10 49

Conclusion

Some Australian magpies can solve string-pulling tasks
that require them to pull single short and long strings
to receive a reward. They were also able to learn a
patterned-string task that require them to discrimi-
nate between a broken and an intact string. Overall,
our results indicate that Australian magpies can learn
to solve a means-end task, and may have the capacity
to understand contact between objects. However, after
the magpies had learnt to discriminate broken strings,
whether the magpies relied on an association or means-
end reasoning to continue to solve the problem remains
to be tested.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00265-023-03326-6.
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Supplementary Table 1 Raw data on performance on the broken string task (Experiment 5). Each row
shows trial number and whether each subject pulled the intact string (+) or the broken string (-). Green
shaded cells highlight the last 12 trials where the magpie succeeded on the experiment by reaching 10
out of 12 correct choices. “m” and “f” indicates whether the bird was male or female

Subjects
Trial | 1f | 2m | 5f | 6m | 10m
1 - - + + -
2 - + - - +
3 - + - + -
4 + + + - -
5 + - - + -
6 + + + + +
7 - + - - -
8 + + - + +
9 + - - + +
10 + + + + -
11 - + - + +
12 + - + + -
13 + + + + -
14 - - + - +
15 + - - + +
16 - + + - -
17 - - - + -
18 + - - - +
19 - - - + +
20 + + - + -
21 - - + + +
22 - + - + -
23 - + + + +
24 + + - - -
25 - + - - +
26 - + + + +
27 - - - - +
28 - + + + +
29 + - - + -
30 + - - - -
31 - + - + +
32 - + + +
33 - + - - +
34 - - + + +
35 + + + + -
36 + - - + +
37 + + - + -
38 - + + + +




39
40
41

42

43

44
45

46

47

48

49

50
51

52
53
54
55
56
57
58
59
60
61

62

63

64
65

66
67
68
69
70
71

72

73

74
75

76
77
78
79
80
81

82

83

84




85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100




	Wild Australian magpies learn to pull intact, not broken, strings to obtain food
	Abstract 
	Significance statement
	Introduction
	Methods
	Study species
	String-pulling apparatus
	Training
	General experimental procedures and limitations
	Experiment 1: Long string
	Experiments 2 & 3: Short string and training
	Experiment 4: Long string after short string
	Experiment 5: Broken string

	Results
	Discussion
	Conclusion
	Anchor 17
	Acknowledgements 
	References


