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ABSTRACT 

The cosmopolitan bird family Corvidae comprises of more than 120 bird species including crows, ravens, rooks, jackdaws, 
jays, magpies, treepies, choughs and nutcrackers. They are medium to large size birds which are found worldwide except for 
the tip of South America and the polar ice caps. They do not migrate significantly and adjust their range-use to the 
availability of resources. Here, we present various behavioural studies to synthesize the literature regarding the intelligence 
and feeding ecology of corvids, their scatter hoarding behaviour and various steps involved in this behaviour. We also 
discuss, via examples, some ecosystem services provided by corvids. The innovation and creativity of corvids is described via 
their memorization abilities, feeding skills, group behaviour and use of tools (for example, bending of wires for foraging). To 
prevent stealing of their caches, Corvids keep track of observing conspecifics, employ various caching and recaching 
approaches and exploit environmental agents to minimize their quantity of auditory and visual information available to 
them (conspecifics). They infer mental state of their conspecifics via process driven simulation, accomplished by running of 
non-verbal and non-linguistic multimodal rules. They are omnivorous and their diet consists of various invertebrates, 
nestlings of other birds, small mammals, fruits, seeds and carrion. They are regarded as the key functional species for 
regeneration and maintenance of forests, through seed dispersal. Seed dispersal is accomplished by means of a unique 
“scatter-hoarding” behaviour. Because of their seed dispersal services, corvids could work as an important and efficient 
habitat restoration tool. 

Key words: Corvids, Intelligence, Seed dispersal, Scatter-hoarding, Tools. 

INTRODUCTION 

More than 120 species of crows, ravens, rooks, 
jackdaws, jays, magpies, treepies, choughs and 
nutcrackers have been included in the 
cosmopolitan bird family corvidae (Goodwin, 
1983; Vander Wall, 1990). Among them about 20 
species of Corvids are found in India (Praveen et 
al., 2016) and about 10 species have been 
reported from the Himalayan region (Dewar, 
2006). Over one-third of the entire family is 
constituted by the genus Corvus, which includes 
crows, jackdaws, ravens and rooks. Corvids, the 
moderate to large sized birds, with powerful feet 
and bills, are found throughout globe except for 
tip of South America and polar ice caps (Clayton 
et al., 2003). Most of them are found in tropical 
South and Central America, Southern Asia and 
Eurasia. Corvids are generally sedentary and do 

not migrate but during food shortage, eruptive 
migration occurs (Robertson, 2000). They adjust 
their range-use according to availability of food 
and other resources. The concentration of 
Corvidae in urban habitats is very large which can 
be explained by the availability of fodder in the 
form of food waste, mild winter weather 
conditions and less pressure from animal 
predators (Conole and Kirkpatrick, 2011; Ramalho 
and Hobbs, 2012). 

Due to their high ecological adaptability, they live 
in both rural and urban habitats and their high 
metabolism contributes to their omnivorous 
character (Ramalho and Hobbs, 2012; Zimaroyeva 
et al., 2016). They show extraordinary intelligence 
and are included amongst the most intelligent 
birds studied so far (Prior et al., 2008). As 
compared to humans their brain to body mass 
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ratio is slightly lower. They have shown tool 
making ability and self-awareness (Rutz et al., 
2016; Bayern et al., 2018) which was once 
attributed only to some of the higher mammals 
including humans (Tomasello and Call, 1997). 
Many corvid species hoard  seeds at different 
places in soil, a behaviour known as ‘‘scatter-
hoarding” (Goodwin, 1983;  Madge and Burn, 
1994; de Kort and Clayton, 2006; Tomback 2016; 
Green et al., 2019). The findings from various 
behavioural studies of corvids with respect to 
their intelligence and feeding ecology and the 
application of their scatter hoarding behaviour in 
ecosystem services especially in habitat 
restoration, with examples from oak and pine 
forests are reviewed 

INTELLIGENCE IN CORVIDS 

The social, neurological and cognitive analysis of 
these birds make them interesting contenders for 
their capability to attribute mental states 
(Keefner, 2016).They are extremely social animals 
which interact within social complexes besides, 
their conspecifics. (Clayton and Emery, 2007). The 
positive relationship between cognitive 
sophistication and complicacy of social relations 
as per “social brain hypothesis” indicates that 
corvids are highly intelligent problem solvers 
(Dunbar, 1998).According to Keefner (2016) 
corvids infer mental conditions of conspecifics via 
process-driven simulation, accomplished by 
operating non-linguistic rules of different models, 
the semantic pointers. This explanation 
eliminates the language requirement to attribute 
mental states to conspecifics which is biologically 
plausible for corvids. Though views against non-
human animal ability to attribute mental states to 
conspecifics are there yet they are becoming 

increasingly implausible (Davidson, 1982; Keefner, 
2016). 

The brain to body weight ratio of corvids equals 
to great apes and is slightly lower than humans. It 
is well established fact that cognitive abilities 
correlate with larger brain size, and that the 
family Corvidae have usually larger brains 
compared to other birds (Lefebvre and Sol, 2008). 
Several studies have demonstrated that the New 
Calidonian Crows use sticks to probe for larvae 
(Hunt, 1996; Rutz et al., 2010) and this ability to 
use tools is explained by its extraordinary larger 
brain (Cnotka et al., 2008). These corvids develop 
their tool making skills in a highly scaffolded 
learning environment that facilitates the 
cumulative technological evolution of tool designs 
(Holzhaider et al., 2010; Jelbert et al., 2019). 
Young ones of corvids remain with their parents 
for long period and hence get enough time to 
learn necessary skills and promote intelligence. 
When corvids were collated to mammals like cats 
and dogs in an experiment to test food seeking 
ability, they over shadowed the mammals 
(Krushinskii et al., 1979). A statistical analysis of 
various scientific studies showed that corvids are 
the most innovative birds in terms of finding new 
ways and means to acquire food for themselves in 
the wild (Rincon, 2005). The creativity and 
innovation of corvids is represented through their 
memorization abilities, feeding skills and group 
behaviour. Social complexity might correspond to 
their high cognition as living in groups; members 
need to distinguish between age, sex and 
dominance and update this information on 
regular basis (Bond et al., 2003). 

The common magpie or Eurasian magpie (Pica 
pica) is known to recognize itself in mirror during 
self-recognition test (MSR), a simple behavioural 
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technique to determine whether an animal or a 
bird has the ability of visual self-recognition (Prior 
et al., 2008). 

Next, it has been observed that some members of 
corvids secretly observe other birds while hiding  
eatables, and report to the same place when 
owners leave (Burnell et al., 1985; Wait et al., 
1992). They keep eye on  watching conspecifics 
and shift food items to various hiding places and 
ultimately to the safest hides to protect their 
catch (Owen and James, 2004). 

If we have facts to believe that ability of 
attribution of mental state to conspecifics is not 
only present in mammals, we should now, 
therefore, move forward to answer whether and 
how the mechanisms responsible for it differ 
among non-mammals and mammals. As done 
with Chimpanzees (Wobber et al., 2014), research 
on how various cognitive mechanisms like 
attribution of mental states to conspecifics 
develop in these birds may provide good and 
interesting distinction for human development.  
Though mammalian biases have practical 
benefits, we should not allow them to affect 
comparative research and to set unfair limits on 
future research. Like corvids, some members of 
cephalopods (for example, Octopuses and cuttle 
fishes), are highly intelligent and have capability 
and potential beyond our expectations (Mather, 
2008; Hochner, 2008; Ikeda, 2009). These must 
not be discarded from future research on 
intelligence due to their non-mammalian 
character. 

FEEDING ECOLOGY OF CORVIDS 

Corvids are omnivorous and their diet consists 
of various invertebrates, nestlings of birds, 
rodents, fruits, seeds, and carrion. However, 

some corvids, especially crows, rely on man-made 
foods as they are well adapted to human 
settlements (Evans et al., 2009; Conole and 
Kirkpatrick, 2011). It has been found that some 
corvids (like House Crow) are predatory in nature 
and prey upon chicks of other birds like 
Himalayan Bulbul, domestic fowl (Goodwin, 1976 
and Ryall, 1992). In winter, corvids form foraging 
flocks. However, various corvids consume 
agricultural pests including worms, grasshoppers, 
etc. thereby act as biological control agents 
(Madden et al., 2015; Belkacem et al., 2017). 

Some corvids (for example, crows) would attempt 
to steal food from even the largest eagles like 
Haliaeetus leucocephalus and Aquila rapax 
thereby depicting the process of food robbing 
(Roberts, 1992). Many crows commute miles 
along established flight routes to forage for food. 
Studies have shown that crows travel more 
distances during non-breeding season than in 
breeding season for searching food (Morishita et 
al., 2004). Therefore, the impact of food 
availability on various breeding parameters (like, 
incubation period, clutch size, etc.) of corvids 
needs to be investigated species-wise. 

Corvids like Jungle Crow feed on insects like 
mantis and Scarabedae beetles in winter when 
these insects are inactive. These insects are 
common in a variety of habitats and are probably 
food sources for corvids like jungle crows. The 
beetles are primary consumers of plants, and 
mantis is a predator in the food web. The 
predation of such insects has a chance of 
increasing biodiversity at producer level and 
primary consumers of forest ecosystems (Kullberg 
and Ekman, 2000). Control of one organism will 
inevitably affect the other organisms in the food 
web, and history warns us against extravagant 
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hunting of crows because their removal increases 
the population of insects, such as grasshoppers 
and beetles which in turn greatly damages the 
regional economies (Forbush, 1927; Inugai and 
Haga, 1953). The inorganic matter like clay and 
pebbles have been found in fecal matter of some 
corvid species (for example, crows) (Liu et al., 
1986; Suzuki, 2002; Kurosawa et al., 2003). 
Analysis of nutrients and impor-tance of inorganic 
materials is required. 

Food sharing- an altruistic behaviour among some 
corvid species like jackdaws and others is of great 
interest. This may be an early manifestation of 
behaviour which is important in adult life of these 
birds i.e., courtship feeding, or it can be an 
unusual behaviour which might have resulted 
from being reared in captivity. Furthermore, 
other corvid species like rooks and scrub jays 
actively transfer food from possessor to receiver, 
which suggests food offering as corvid-wide 
character (deKort et al., 2003). Likewise, male 
Eurasian Jays provide gifts (like food) to females. 
The female is attracted to male if male could give 
desired gifts to her (Keefner, 2016). 

SEED DISPERSAL AND SCATTER-HOARDING 

Zoochory, the dispersal of seeds by animals, is of 
various types on the basis of manner in which 
seeds are transferred viz. endozoochory, 
epizoochory and synzoo-chory. Endozoochory is 
zoochory by ingestion and following defecation or 
regurgitation (Jordano, 2000). Some plant seeds 
are sticky that allows them to adhere to the body 
of their dispersers (mostly woolly or furry 
animals), the zoochory referred to as epizoochory 
(Will and Tackenberg, 2008). On the other hand 
some animals carry out synzoochory by actively 
picking up seeds from plants and depositing them 

at different places (Vander Wall and Beck, 2012). 
In each form of zoochory, the ways of seed 
obtainment, transfer, and deposition vary, thus 
influencing the spatial scattering and distribution 
of dispersed seeds. In rainforests of tropical 
regions 40–90% of woody species depend on 
zoochory (Jordano, 2000) 

It is well established that some corvids are 
important for seed dispersal through Scatter-
hoarding (Green et al., 2019). These scatter 
hoarders select seeds as food, transfer them in 
their bill, and hide them in little and variously 
distributed caches. On the other hand, Larder-
hoarders place all food materials in few central 
locations. Most corvid species store food items 
for later utilization (Balda and Kamil, 2006, de 
Kort and Clayton, 2006; Tomback 2016), fact 
investigated in populations of bigger-seeded trees 
from Northern part of the globe. Crows and 
ravens of genus Corvus and Perisoreus jays 
favourably store animal prey and carrion (Waite 
and Reeve, 1992; Bugnyar and Kotrschal, 2002), 
whereas nutcrackers (Nucifraga spp.) and most 
jays (Aphelocoma, Cyanocitta, and Calocitta) 
chiefly store seeds (Madge and Burn, 1994; 
Tomback, 2016). 

The phenomenon of Scatter-hoarding changes 
into seed dispersal when seeds are not retrieved 
by the hoarder. Despite powerful spatial memory, 
corvids fail to retrieve some of the stored seeds 
or they cache excess seeds and nuts than their 
upcoming harsh winter needs (Balda et al., 1997; 
DeGange et al., 1989).They may recover the 
cotyledons after the seedling is established. The 
hoarder may also be thrown out of its territory or 
may die and perish, resulting in increased amount 
of seeds in caches (Bossema, 1979; Vander Wall, 
1990). Whatever may be the cause for seed 
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abandonment, if location of deposition is 
appropriate and fit for germination, the target 
plant ends up with benefit (Vander Wall, 1990; 
Whelan et al., 2008). 

Numerous broadleaved trees and shrubs in 
Northern temperate zone including walnuts 
(Juglans spp.), hazelnuts (Corylus spp.), hickories 
(Carya spp.), chestnuts (Castan-ea spp. and 
Aesculus spp.), beeches (Fagus spp.), and oaks 
(Quercus spp.), depend-entirely on scatter-
hoarders for the purpose of seed dispersal 
(Vander Wall, 1990). Moreover, among 100 pine 
species, 19 have developed wingless seeds which 
are adapted to dispersal by scatter-hoarders 
(Tomback and Linhart, 1990). Further-more, 
species having winged seeds (P. jeffreyi, P. 
lambertiana, and P. coulteri) are dispersed 
secondarily by corvid hoarders and rodents after 
initial dispersal by wind (Vander Wall and 
Longland, 2004; Tomback, 2016). 

As scatter-hoarders act both as seed dispersers 
and seed predators, plants developed adaptations 
in structure, and production patterns of seeds 
which increase mutual benefit from animal co-
workers (Vander Wall, 2010; Vander Wall and 
Beck, 2012). Generally, these plants develop large 
seeds having high carbohydrate levels and 
moderate levels of proteins and lipids due to 
which they rapidly satiate animals. Quick hoarder 
satiation consequently increases likelihood that 
seeds are not only consumed but stored (Vander 
Wall and Beck, 2012). Likewise, long handling 
time required to process seeds is believed to 
recommend scatter-hoarding than instant 
consumption. Considerable labour is required to 
peel off thick seed coats. More the time hoarder 
takes in eating food at source, longer the time it is 
revealed to its predators and more seeds the 

competitors can take away (Vander Wall, 2010). 
Seeds in ground are odourless and hard to 
discover by others (seed predators), consequently 
minimizing additional losses (Borchert et al., 
1989). Many seeds contain defensive chemical 
compounds, (like tannins in acorns) which are not 
digested easily and that allow them to be stored 
for an extended period without decay and 
decompose. However, it has been found that 
acorns are uncooperative and they remain viable 
in the seed bank hardly for a year’s time (Fleck 
and Woolfenden, 1997). These structural 
adaptations likely evolved in reaction to seed 
dissemination by hoarders (Vander Wall, 2010). 

The scatter-hoarding behaviour of corvids involve 
the following three important steps- 

1) Selection of seeds at the tree,  

2) Transportation of the seeds and 

3) Deposition of these seeds.  

1) Selection of seeds 

Corvids are choosy in selecting seeds for hoarding 
and it has been worked out that many bird 
species inspect and examine seeds before 
consumption and avoid seeds with obvious 
damage done by insects (Fleck and 
Woolfenden,1997).They exam-ine seeds not only 
by visual method but they rattle seeds in their 
bill, which also allows them to abandon the 
damaged ones (Dixon et al., 1997; Langen 1999). 
Nut-crackers (Nucifraga columbiana) rejected 
about 4.5% of pinyon pine seeds, which were 
later found spoiled (Vander Wall and Balda, 
1977). This avoidance increases the seed dispersal 
quality in general. 
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Seed size and their chemical composition also 
influence seed choices. Blue Jays removed seeds 
from black oak (Q. velutina), pin oak (Q. palustris), 
and willow oak (Q. phellos), while neglecting 
northern red oaks (Q. borealis) and white oaks (Q. 
alba) due to the fact that acorns of red oak have 
larger diameter and the acorns of white oak 
germinate early that does not benefit the bird 
(Darley-Hill and Johnson,1981). 

2) Transportation of seeds 

After selection, scatter hoarding corvids transport 
the seeds in their beak, or crop. The sublingual 
pouch in various species is an adaptation 
particularly for effective transfer of seeds to 
longer distances (Bock et al., 1973). 
Transportation distances can vary from a single 
hop from the source tree to longer flights that are 
several miles in length. An important fact is, seeds 
are mostly transported among patches of habitat, 
differing scatter hoarding corvids from scatter-
hoarding rodents which occasionally cross open 
patches but commonly disperse seeds over very 
short distances (Vander Wall, 1990). 

It has been found that plants are very much 
benefited from such colonization events were the 
dispersal distance is longer (Nathan et al., 2008). 
North American oaks undergo rapid northward 
growth of few hundred meters a year, driven 
chiefly by seed dispersal due to corvids (Johnson 
and Webb, 1989). 

Corvid species collect seeds at exorbitant pace 
when available and may collect many per visit, 
based on the size of the target seeds. Pinyon Jays 
collect 56 pine seeds per visit, while nutcrackers 
500 seeds per day (Marzluff and Balda, 1992; 
Hutchins et al., 1996). 

3) Deposition of seeds 

Corvids stock food by pushing it into substrate 
with the help of beaks, placing it in a manner that 
it can’t be seen, and topping it with surrounding 
materials. Based on the type of substrate, the 
food item is placed either into a crevice, or the 
hoarders use their beak to make the space before 
depositing the food (Bossema, 1979). The seeds 
are generally deposited at a vertical drop of 1–5 
cm, which hampers dehydration and generally 
develops a shield for protection from predators 
(Greenberg et al., 2012). 

Although our comprehension of effect-iveness of 
corvid seed dispersal has grown up substantially, 
further study is needed on the importance of 
seed dispersal distance in furnishing fitness 
benefits to plants. Also, the potential effects of 
climatic shifts on complex species interactions like 
seed dispersal mutualisms needs to be worked 
upon (Cairns et al., 2007; Walther, 2010) 

HABITAT RESTORATION BY CORVIDS 

Scatter-hoarding corvid species do not bury seeds 
with the aim of seedling cultivation but due to the 
fact that majority of corvids dump seeds as food 
items at places which are suitable for seed 
germination, this leads indirectly to forest 
regeneration without the intention of corvid 
species involved (Tomback et al., 2001). Some 
worth mentioning habitats restored by corvids 
are: 

Oak woodland: In Western Europe, it has been 
identified that contribution of Jays in restoring 
and maintaining oak habitat through seed 
dissemination. In spite of the fact that many 
foresters regard corvids as pests, early debates in 
various journals of forestry reveal their 
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contribution to oak regeneration (Madden et al., 
2015). Foresters in Germany vigorously take edge 
of various ecosystem services furnished by jays. In 
“ecological silviculture” wooded areas are 
decreased and large oaks which act as a source of 
seeds are protected so as to increase oak seedling 
growth. A study of habitat use pattern and 
nesting of jays revealed that maintaining of 
complex and diverse habitat structure may 
enlarge jay densities and concomitant re-
establishment of oak (Pons and Pausas, 2008; 
Pesendorfer et al., 2016). But, unfor-tunately 
many corvid species are still harmed and killed 
with the wrong assumption that they are pests 
only. This needs to be changed. 

White bark pine: Keystone species of Rocky 
Mountains of western North America, White bark 
pine (Pinus albicaulis) (Tomback, 2005), has 
dwindled because of blister rust infestation (due 
to a pine beetle (Dendroctonus ponderosae), and 
forest fires (Scott and McCaughey, 2006; 
Tomback and Achuff, 2010). Clark’s Nutcracker, a 
chief seed disperser of this pine species 
(Tomback, 1982), and cone abundance thresholds 
recognized for their feeding are at present used 
to tag areas for restoration attempts (McKinney 
et al., 2009; Barringer et al., 2012). Managers are 
now using various ways and means for enhancing 
and increasing mutualism between pines and 
nutcrackers (Pine-Nutcracker mutualism) to 
restore the pine. 

Pine and oak: vegetation of these plants in 
Channel Islands National Park of Southern 
California is growing from 150 years of grazing 
(Van Vuren and Coblentz, 1987). The extent of 
these habitats on these Islands is aided by 
endemic Scrub-Jays of the region (Morrison et al., 
2011). It has been found that on Santa Rosa 

Island, lacking jays, the recovery of pine and oak 
habitats is very slow as compared to areas where 
it is present. In absence of these corvids, 
restoration of pine and oak habitats on Santa 
Islands would require a huge fund investment, 
labour and lot of time (Morrison et al., 2011; 
Pesendorfer et al., 2016). Despite great 
advancements in modelling of behavioural 
mechanisms involved in seed scattering by endo-
zoochory and epizoochory, the compre-hension 
of  function of behaviour in zoochory, and 
particularly of scatter hoarding, lags behind 
abiotic dispersal by wind or water (Cousens et al., 
2010; Pesendorfer et al., 2016). The possible role 
of different corvid species in seed dispersal of 
various medicinal plants needs to be studied in 
detail. 

CONCLUSION 

Though the role of various corvids in habitat and 
forest restoration is well known in certain regions 
of the world but such studies in India particularly 
in Himalayan region are awaited. The detailed 
studies on conservation status of corvid species 
with special emphasis on their ecosystem services 
are needed to substantiate the already available 
data.  
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