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Feathered primate of the air: the carrion 
crow as model in cognitive neuroscience
Andreas Nieder

The carrion crow (Corvus corone) is a 
highly adaptable passerine with exceptional 
problem-solving, learning and executive 
abilities, making it an ideal nonprimate model for 
high-level cognition. These skills rely on a densely 
neuron-packed pallium, especially the nidopallium 
caudolaterale, functionally analogous to the 
primate prefrontal cortex. Integrating behavioral, 
neurophysiological and neuroanatomical studies 
in crows provides key insights into the neural and 
evolutionary foundations of complex intelligence.

The carrion crow (Corvus corone (C.c.)) is a medium-sized passerine 
and one of the most widespread and adaptable birds of the Palearctic, 
with a range spanning Europe, western Asia and North Africa. Weighing 
approximately 500 g and with a wingspan of roughly 100 cm, it is smaller 
than the common raven (C. corax). Two subspecies of C.c. are recognized: 
the all-black C. c. corone and the black-and-grey hooded crow C. c. cornix. 
Despite marked plumage differences, genetic studies reveal minimal dif-
ferentiation and frequent hybridization with fertile offspring, indicating 
that these forms are geographic variants of a single species.1 The carrion 
crow thrives in woodlands, farmland, coastal areas and urban environ-
ments, supported by an omnivorous diet, flexible social organization and 
opportunistic nesting habits. Individuals typically live 4–7 years in the 
wild, though some reach around 20 years; exceptional captive birds may 
approach 30 years (Fig. 1).

Taxonomically, the carrion crow belongs to the order Passeriformes, 
commonly known as the “perching birds.” This is the largest avian order, 
comprising roughly two-thirds of all ~10,000 bird species. Passeriformes 
are characterized by an anisodactyl foot arrangement, with three toes 
pointing forward and one backward. Within this order, the crow is placed 
in the suborder Oscines (songbirds) and the family Corvidae (corvids), 
which contains about 130 species, including crows, ravens, jays, magpies, 
jackdaws and nutcrackers. Corvids share a common ancestor dating to 
approximately 25 million years ago.2 They are present on every continent 
except Antarctica, inhabiting tropical forests, alpine regions, agricultural 
areas and urban environments. The genus Corvus, comprising roughly 
forty species, includes the crows and ravens, among them the carrion crow.

Carrion crows may lack the owl’s acute hearing or the falcon’s extraor-
dinary vision, but they excel where it matters for cognitive research: in 
intelligence. They are true cognitive specialists, defined by rapid learning, 
robust memory and exceptional problem-solving abilities. Their rapid 
grasp of new task structures and reliable performance in controlled 
experimental settings make them ideally suited for investigating high-level 
cognition. Recognizing this potential, we established the carrion crow as 

a model species in systems and cognitive neuroscience several years ago, 
enabling us to probe the neural mechanisms that give rise to advanced 
cognitive abilities.

Rearing and housing
Because reliable cognitive experiments require birds that are calm, healthy 
and habituated to human interaction, crows at our institute are raised 
under standardized conditions. Nestlings are taken from the institute’s 
breeding stock at two to three weeks of age and hand-reared over sub-
sequent weeks. Hand-rearing provides a controlled developmental envi-
ronment, ensures strong habituation to humans and makes the birds 
comfortable in experimental settings, enabling them to perform complex 
cognitive tasks in long-term behavioral and neurophysiological studies.

After this initial rearing period, crows are transferred to indoor flight 
aviaries of several square meters with natural daylight, housed in small 
social groups. The aviaries contain wood-chip flooring, multiple perches, 
bird waterers and various enrichment items. Their diet includes a broad 
range of foods suitable for omnivorous carrion crows—such as chick 
meat, insects and larvae, hard-boiled egg, vegetables, fruits and birdseed 
(Beoperlen, Vitakraft, Germany)—supplemented with minerals and vita-
mins (Vitakalk, Marienfelde GmbH; Korvimin, WDT). All procedures are 
conducted under the appropriate official licenses for keeping, breeding 
and experimenting with crows.

Cognition in carrion crows
Although not habitual tool users like the New Caledonian crow, carrion 
crows can rapidly learn to use sticks and other objects to access food, 
demonstrating flexible behavior and precise beak control (see videos 

 Check for updates

Fig. 1 | A carrion crow in an aviary. The carrion crow is not a natural tool 
maker or user, but it can learn to use stick tools. Its cognitive flexibility and beak 
dexterity allow it to quickly learn how to access food and navigate a changing 
environment, sometimes even using abstract principles. Credit: A. Nieder)
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accompanying ref. 3). They can plan and execute multi-step sequences of 
actions and handle abstract visual tasks with nested, hierarchical struc-
tures. In one study, crows were presented with paired symbols, such as 
brackets, and correctly pecked them in order, even with novel combina-
tions. These complex behaviors indicate rudimentary recursive abilities 
that allow them to mentally embed structures within similar structures.4 
Moreover, crows can solve simple analogy problems. They matched pairs 
of items based on the relationship between them, such as same–same or 
different–different, even with new stimuli.5

Carrion crows also exhibit basic, non-symbolic mathematical cogni-
tion.6 They can approximate numerical quantities, discriminate between 
numbers and visually recognize geometric shape regularities, providing 
foundational building blocks of arithmetic and geometry.7 As songbirds, 
their cognitive control over vocalizations allows them to be trained to 
produce calls volitionally, effectively expressing small counts through 
vocal output.8

Furthermore, carrion crows possess powerful spatial and object 
working memory that safeguards relevant information kept in mind from 
distractions.9,10 They process working memory contents according to 
abstract principles—such as same versus different—to guide goal-directed 
behavior11 and also demonstrate volitional attention, selectively focus-
ing on relevant stimuli to support complex cognitive tasks.12 Finally, 
they can precisely time their actions to fit the requirements of the task.13 
Together, these abilities highlight the remarkable cognitive flexibility of 
carrion crows, underpinned by their learning, memory and executive 
functions, making them exemplary models for high-level cognition in a 
nonprimate species.

Brain anatomy
Crows, like all modern birds, are reptiles in evolutionary terms, repre-
senting the only surviving branch of theropod dinosaurs. Their line-
age diverged from mammals more than 360 million years ago. Over 
this immense timespan, birds evolved a telencephalon (the “endbrain”) 
with a structure very different from mammals, yet capable of support-
ing sophisticated cognition. Instead of the layered cerebral cortex—or 
neocortex—found in mammals, birds developed a pallial telencephalic 
architecture organized into compact, nucleus-like processing centers.14 In 
crows, these pallial regions are exceptionally dense with neurons, reaching 
concentrations two to three times higher than in primates. For example, 
ravens possess roughly 1.2 billion pallial neurons, similar to a capuchin 
monkey, despite having a brain four times smaller.15 This high neuron 
density is one factor supporting corvids’ impressive cognitive abilities.

At the core of corvid cognition is the nidopallium caudolaterale 
(NCL), a higher-order associative region analogous to the primate pre-
frontal cortex. The NCL receives input from secondary sensory areas, 
connects with hippocampal regions supporting memory and spatial 
cognition, interfaces with limbic structures encoding internal states and 
motivation and sends output to premotor and motor systems.16 The NCL 
is key to enable goal-directed actions in crows.

Neuronal mechanisms of corvid intelligence
With the help of our recently published anatomical atlas of the crow 
brain, it is now possible to investigate the neurophysiological mechanisms 
underlying executive functions in detail.17 Same as in studies with awake, 
behaving monkeys, we can record single-neuron activity in carefully 
trained crows. These recordings, taken during controlled behavioral tasks, 
provide direct links between cognitive performance and neuronal activity.

A growing body of work shows that neurons in the NCL operate at 
the apex of the crow’s perception–action cycle. They integrate sensory 

information, maintain and manipulate it in a working memory buffer 
to bridge gaps between events, actions and consequences, and route 
this information to motor-related structures to guide adaptive behavior. 
NCL neurons categorize incoming percepts in ways that generalize to 
novel situations. Some neurons are tuned to numerosity,6 representing 
magnitude categories, while others encode task rules, flexibly updating 
behavior almost instantly to support goal-directed tasks.11

Moreover, crows appear to consciously experience their world. 
Neurons in the NCL reflect what the bird actually perceives, not just the 
physical properties of a stimulus. They signal whether or not the crow has 
noticed a faint stimulus of equal intensity, capturing the bird’s subjective 
experience rather than the stimulus intensity alone.18 They also represent 
voluntary planning and execution of actions, such as the instructed num-
ber of pecks.19 To support the precise timing of upcoming movements, 
NCL neurons track time intervals.13 Together, these findings demonstrate 
how NCL activity underlies the sophisticated cognitive control observed 
in carrion crows and highlight the potential of combining behavioral 
and neurophysiological approaches to uncover the causal mechanisms 
of corvid intelligence.

Conclusion and outlook
Carrion crows are valuable models for higher cognition because they 
exhibit primate-like intelligence despite lacking a neocortex. Their pallial 
endbrain represents a remarkable evolutionary alternative to the primate 
cortex. Their brains are accessible to electrophysiological recordings 
and imaging techniques, and they may increasingly become amenable 
to molecular approaches as these methods are further developed for 
songbirds. This will make it possible to compare neural mechanisms 
in birds and mammals more directly. As versatile generalists in the 
wild, they exhibit exceptional behavioral flexibility, which is a naturally 
occurring trait that can be translated into the laboratory for controlled 
study. Studying these animals can help distinguish universal cognitive 
mechanisms from mammal-specific features.

Leveraging this research presents exciting opportunities to advance 
our understanding of cognitive evolution. Combining behavioral para-
digms probing social cognition, tool use and problem-solving with in vivo 
imaging and neuromodulation could reveal how neural computations 
support flexible, goal-directed behavior. Techniques developed in song-
birds—such as optogenetics, high-resolution tracing, calcium imaging 
and single-cell transcriptomics—could be adapted to crows to dissect 
circuits underlying decision-making, working memory and planning. 
These approaches promise not only to illuminate the neuronal mecha-
nisms of corvid intelligence but also to provide a broader framework for 
understanding the evolutionary trajectories and convergent solutions 
underlying advanced vertebrate cognition.
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	Fig. 1 A carrion crow in an aviary.




