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 Abstract 

 Crows  are  an  enigma  to  the  world  of  biology—still  under-researched  and  the  extent  of  their  cognitive  abilities 
 remains  unknown.  Throughout  millennia,  crows  have  influenced  human  cultures,  including  artwork,  literature, 
 poetry,  and  language.  From  reverence  to  repulsion,  human  perceptions  of  crows  have  evolved  throughout  history.  As 
 a  recurring  avian  symbol  in  human  society,  our  goal  was  to  summarize  recent  and  historical  research  on  the  complex 
 and  intricate  minds  of  crows  and  ravens,  while  creating  artwork  in  response  to  our  work.  In  addition,  we  wanted  to 
 inform  the  public  of  crows’  ecological  importance  and  presence  in  urban  environments.  This  manuscript  synthesizes 
 recent  scientific  discoveries  of  crows  and  ravens  and  includes  our  original  artwork  as  figures.  Exploring  crow 
 behavior  and  biology,  this  review  paper  is  organized  into  five  thematic  sections  characterizing  the  life  of  a 
 crow—neuroscience, communication, learning, urban habitat, and interactions with humans. 
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 1.  Introduction 

 With  a  high  neural  density  and  well-developed 
 nidopallium,  crows  possess  complex  brain  structures 
 and  intricate  neuronal  organization  that  necessitate  a 
 more  nuanced  understanding  of  avian  consciousness. 
 Crow  communication  is  elaborate.  From  caws  to 
 chortles,  they  produce  a  variety  of  sounds  used  to 
 orally  convey  valuable  information  about  possible 
 predators,  as  well  as  utilizing  body  movements  to 
 inform  each  other  about  their  surroundings.  Patterns 
 of  communication  are  affected  by  geographic  region, 
 social  learning,  and  family  dynamics.  Crows  react  to 
 potential  threats  in  their  environment  by  combining 
 the  use  of  detailed  spatial  memory,  tool-making 
 abilities,  and  caching  behavior.  Cities  offer  a  plentiful 
 habitat  for  crows  to  feed,  nest,  and  avoid  predators. 
 Crows  often  use  common  city  features  to  their 
 advantage—whether  using  cars  to  crack  nuts  or 
 roadways  to  drop  prey,  they  are  well-adapted  to  live 

 within  cities.  Although  crows  thrive  in  an  urban 
 matrix,  human  city  residents  often  view  these  birds  as 
 a  nuisance.  The  objective  of  this  manuscript  is  to 
 further  the  audience's  understanding  of  corvid 
 behavior  and  culture  in  a  way  that  attempts  to  reduce 
 negative  connotations  towards  crows  while  giving 
 readers  a  glance  into  the  complex  workings  of  these 
 intelligent  creatures.  This  paper  discusses  novel 
 discoveries  in  the  field  of  crow  behav  ioral  ecology, 
 with  the  goal  of  helping  the  reader  become  more 
 knowledgeable,  aware,  and  interested  in  the  secret 
 world  of  crows.  In  this  paper,  we  hope  that  our 
 compilation  inspires  young  scientists  to  continue 
 where  others  have  left  off  in  the  world  of  avian 
 research.  This  manuscript  can  be  read  as  detailed 
 background  information  on  some  of  the  recent 
 research  on  corvids,  but  also  has  the  potential  to  be 
 utilized as a starting point to inspire future research. 

 2.  Neuroscience 
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 Since  the  1900s,  our  understanding  of  avian 
 cognitive  abilities  has  grown  considerably—shifting 
 from  a  myopic,  rigid  viewpoint  of  bird  behavior  as 
 fixed  and  genetically  inherited,  to  comprehending 
 their  greater  cognitive  flexibility.  Novel  discoveries 
 in  the  field  of  crow  neurobiology  have  shattered  the 
 black  box  of  animal  intelligence.  As  recently  as 
 twenty  years  ago,  scientists  believed  crows  processed 
 information  through  simple  mechanisms  of  input  and 
 output  based  on  the  genetic  inheritance  of  fixed 
 action patterns (Figure 1). 

 Figure  1.  The  Mechanical  Wiring  of  Crow  Brains;  By 
 Leah Jones Neuray 
 This  figure  depicts  the  input  and  output  information 
 processing  system  crows  were  commonly 
 misunderstood  to  have.  Input  refers  to  information 
 being  collected  utilizing  any  of  the  five  senses.  Using 
 watercolor,  this  painting  shows  the  misconception  of 
 the  gears  of  a  crow's  brain  working  to  take  in 
 information  and  output  it.  It  is  now  understood  that 
 crows  are  more  complex  than  other  organisms  that 
 function  this  way  and  the  simple  system  depicted 
 above is a false impression. 

 Both  fascinating  and  complex,  the  neuroanatomy 
 of  a  crow’s  brain  reveals  the  depth  of  its  cognitive 
 abilities.  Crows  have  brain  regions—such  as  the 
 forebrain—comparable  to  primates  and  scientists 
 assume  these  brain  areas  function  similarly 
 (Colombo,  2019).  Just  like  primates,  highly 
 intelligent  creatures  such  as  crows  deserve  thorough 
 scientific  research  and  continued  study.  The 
 forebrain,  the  region  near  the  forehead,  allows  for 
 effective  information  processing.  Two  major  regions 
 of  human  and  crow  brains  include  the  hippocampus, 
 which  assists  in  learning,  memory,  and  spatial 

 awareness,  and  the  amygdala,  which  interprets 
 emotions  and  responds  to  perceived  threats.  The 
 parallel  functionality  of  these  brain  structures  reveals 
 that  crows  and  humans  may  process  information  in 
 congruent  ways,  shedding  light  on  the  fascinating 
 similarities  in  neuroanatomy  (Figure  2)  (Marzluff,  et 
 al., 2012, & Miyaoka, et al., 2012). 

 Figure 2. The Anatomy of a Crow Brain; By Marina 
 Seidl 
 A colorized, simplified, and concise recreation of one 
 of John Marzluff’s depictions of the anatomy of a 
 crow's brain. This figure contains labels and a key 
 that describe the areas of the brain in the forebrain, 
 midbrain, and hindbrain. This marker-drawn piece 
 demonstrates some of the key anatomical features as 
 well as the activity areas/functions associated with 
 the brain regions. Understanding how corvid brains 
 are organized and how they are unique can help 
 researchers dive deeper into their cognitive abilities  . 

 The  evolution  of  human  and  crow  brains 
 represents  an  example  of  convergent  evolution  due  to 
 similar  shared  selective  pressures.  Both  organisms 
 possess  distinct  brain  regions  that  perform 
 comparative  functions––however,  instead  of  a 
 prefrontal  cortex  (PFC),  crows  have  evolved  a 
 nidopallium  caudolateral  (NCL)  (Hahn,  et  al.,  2021). 
 This  integral  structure  located  in  the  forebrain 
 performs  many  of  the  same  functions  as  the 
 mammalian  PFC,  facilitating  higher-level  thinking  in 
 crows  such  as  flexible  behavior,  integrative  planning, 
 and  decision-making  (Güntürkün,  2005).  In  addition, 
 despite  the  absence  of  a  neocortex,  crows 
 demonstrate  many  skills  often  attributed  to  this  brain 
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 region  in  primates:  spatial  reasoning,  conscious 
 thought,  and  self-awareness  (Butler  &  Cotterill, 
 2006).  The  cerebellum––located  in  the  midbrain 
 behind  the  spinal  cord  and  brain  stem—manages 
 motor  control  and  directs  voluntary  movements  in 
 both  humans  and  crows.  The  size  of  the  cerebellum 
 may  directly  correlate  with  an  organism’s  motor 
 skills,  including  balance  and  physical  coordination. 
 An  enlarged  cerebellum  may  facilitate  precise 
 forelimb  control,  like  those  seen  in  squirrels  and 
 primates  (Paradiso  et  al.,  1997).  The  cerebellum 
 controls  beak  movements  in  crows;  therefore,  the 
 comparatively  large  size  of  the  cerebellum  may 
 explain  crows’  precise  beak  coordination,  who  utilize 
 their  beaks  as  a  multi-functional  Swiss  army  knife 
 (Figure 3). 

 Figure 3. Swiss Army Crow; By Marina Seidl 
 A  drawing  of  a  swiss  army  knife  as  a  metaphor  for 
 the  different  cognitive  abilities  of  corvids.  Crows 
 have  a  multitude  of  abilities  that  aid  them  in  their 
 daily  lives  and  help  them  survive  and  reproduce. 
 Some  of  these  depicted  in  the  figure  above  include 
 problem-solving,  decision-making,  primary 
 consciousness,  memory,  sensory  perception, 
 planning,  tool  use,  and  more.  All  of  these  cognitive 
 “tools”  are  like  the  different  pieces  of  a 
 multifunctional swiss army knife. 

 While  primates  and  crows  share  similar  abilities, 
 including  problem-solving,  reasoning,  and  planning, 
 the  morphological  organization  of  their  brains  is 
 different.  Unlike  primates,  who  display  extensive 
 brain  cortical  folding,  crows  do  not  have  separate 
 brain  layers.  The  crow  brain  is  organized  in  tightly 
 packed,  dense  neuronal  clusters,  called  nuclei,  with 
 greater  densities  in  the  forebrain  region  (Figure  4; 
 Olkowicz, 2016). 

 Figure 4. Laundro-clusters; By  Linnea Anderson 
 A  drawing  of  laundry  as  a  metaphor  for  the 
 comparable  brain  structures  of  primates  and  corvids. 
 Primates  have  layered  brain  folds,  much  like  clean, 
 folded,  laundry.  Crows,  on  the  other  hand,  have 
 tightly  packed  clusters,  much  like  a  pile  of  dirty, 
 wrinkled,  laundry.  Using  metaphors  to  interpret  the 
 anatomy  of  organisms  can  aid  in  the  understanding 
 of how those structures function. 

 Previously,  scientists  believed  the  organization 
 and  placement  of  specialized  neurons  determined  a 
 species'  cognitive  abilities.  However,  with  additional 
 research,  the  circuitry  and  the  transmission  of 
 information  between  neurons  may  better  explain  an 
 animal’s  cognitive  abilities  (Shanahan,  2012).  By 
 studying  the  circuitry  and  structure  of  the 
 neuron-dense  pallium  of  crows,  scientists  revealed 
 functional  similarities  in  the  way  the  neurons  fire  and 
 communicate.  Surprisingly,  with  smaller  neural 
 clusters  and  tightly  packed  neuroanatomy,  corvids 
 have  more  neurons  per  brain  area  (i.e.  higher  neural 
 density) than a primate brain (Olkowicz, 2016). 

 Although  primary  consciousness,  defined  as 
 external  and  internal  awareness  demonstrated  by  an 
 organism  (Griffin,  2003),  is  often  considered  a  unique 
 identifying  trait  of  primates—particularly  of 
 humans—some  birds  and  mammals  may  possess  a 
 similar level of self-awareness (Figure 5). 

 Yet  in  non-human  animals,  recognizing 
 consciousness  from  a  neurobiological  or  behavioral 
 perspective  presents  a  challenge.  Interspecies 
 comparisons  of  intelligence  may  be  misleading,  like 
 comparing  apples  to  oranges,  with  animals  displaying 
 a  more  advanced  spatial  intelligence  compared  to 
 humans’  linguistic  prowess  (de  Waal,  2016). 
 However,  research  suggests  that  crows  have  a  unique 
 and  sophisticated  sense  of  self-awareness—a  proxy 
 for intelligence (Figure 6; Nieder, et al., 2020). 
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 Figure 5. The Steady Climb; By Ingrid Lam 
 A watercolor piece depicting the progression of how 
 much researchers know about corvid cognitive 
 abilities. On the pyramid in this figure, humans are 
 placed at the top. This demonstrates how humans are 
 thought to be the most cognitively advanced species. 
 The painting depicts how crows are climbing higher 
 on the pyramid of our conceptions of organism 
 intelligence and competence. 

 Figure 6. A Noble Bird Cage; By Ingrid Lam 
 An acrylic painting of a corvid perched on a crown 
 demonstrates the resilience and courageousness of 
 the crow. This painting is inspired by egg tempera 
 style renaissance era paintings. Painted in a portrait 
 style, the main foreground of the painting is a crow. 
 This is a counterintuitive cultural depiction of crows 
 in a positive light. 

 By  observing  neural  response  in  the  pallium 
 region  of  a  crow’s  brain  during  tasks  involving 
 spatial  awareness  and  self-awareness,  scientists 
 documented  that  crows  possess  a  basic  level  of 
 consciousness  (Nieder,  et  al.,  2020).  Recent  research 
 on  crow  neurobiology  suggests  newly  defined  brain 
 structures  may  help  explain  corvids’  high 
 intelligence,  including  both  causal  reasoning  and 
 sensory consciousness (Marzluff et al.,  2012). 

 3.  Communication 

 Crows  communicate  through  a  wide  variety  of 
 sounds  using  their  syrinx  to  produce  a  diverse  array 
 of  chortles,  caws,  grunts,  barks,  and  coos 
 (Chamberlain,  et  al.,  1968).  Known  as  one  of  the 
 more  vocal  birds,  crow  vocalization  may  signify 
 danger,  food  resources,  or  social  interactions.  For 
 example,  crows  in  the  same  familial  group  learn  and 
 mimic  the  calls  of  other  individuals,  gradually 
 learning  appropriate  tones  and  phrasing  for  differing 
 situations.  During  this  period  of  adolescence,  crows 
 observe  diverse  behaviors  such  as  caching  of  food, 
 tool  use,  and  predator-specific  vocalizations  (Max 
 Planck  Society,  2020).  Crows  utilize  a  traditional 
 loud,  hoarse  caw  sound  when  communicating,  with 
 variations  to  signal  alarm,  distress,  or  group  assembly 
 (Siriwardena,  2015).  In  addition,  researchers  have 
 observed  some  regional  variation  in  crow  dialects 
 based  on  geographic  location  (Westerfield,  2011). 
 Regional  variations  in  vocalizations  and  body 
 language  in  crows  resemble  the  four  different  dialects 
 of  American  English  spoken  within  the  north,  south, 
 west,  and  midland  areas  of  the  United  States 
 (Marzluff, 2005).    

 Crows  live  in  close-knit  family  groups,  often 
 consisting  of  two  to  eight  individuals,  and  form 
 strong  familial  bonds  involving  extended  parental 
 care and social learning (Figure 7; Marzluff, 2005). 

 Figure 7. The Crows from Springfield (Inspired by 
 The Simpsons); By Linnea Anderson 
 A drawing representing the crows as the Simpsons 
 family, showing the strong bonds of corvid families. 
 The Simpsons family is a pop culture symbol. They 
 are commonly known throughout America as the 
 classic family. Crows are similar in that they stick 
 together in their familial groups and rely on each 
 other for communication and learning. 
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 The  rich  and  complex  patterns  of  verbal  and 
 gestural  communication  among  crows  represent 
 evidence  of  social  learning,  which  is  the 
 comprehension  of  novel  behaviors  acquired  through 
 observation  (Wascher  et  al.,  2012)  .  In  addition,  the 
 horizontal  transfer  of  information  from  crow  parents 
 to  their  offspring  suggests  the  ability  to  recognize 
 individual  human  faces,  and  convey  information 
 about  the  potential  danger  level  of  people  passing  by 
 (Marzluff,  2010).  During  an  extended  period  of 
 adolescence,  juvenile  crows  may  assimilate  skills 
 through  observation,  experience,  modeling,  and 
 practice.  Interestingly,  crow  familial  groups  may 
 react  differently  in  the  presence  of  aerial  versus 
 terrestrial predators (i.e. owl and raccoon; (Figure 8). 

 Predator-specific  calls  may  encode  valuable 
 information  to  crows,  warning  the  group  of 
 approaching  predators.  Changes  in  vocalization 
 patterns  suggest  a  perceived  assessment  of  threats. 
 Raccoons,  for  example,  may  hunt  primarily  crow 
 chicks  and  eggs,  as  opposed  to  owls,  who  may  hunt 
 crows  at  any  stage  of  their  lives,  therefore  raccoons 
 are assessed as a higher threat. 

 Figure 8. Notes of Terror; By Ingrid Lam 
 A watercolor piece showing the rich and complex 
 verbal communication of crows. Especially in the 
 presence of an aerial predator such as an owl, crows 
 react to threats. Crows have a diverse range of 
 sounds they make, including warning signals and 
 alerts of potential predators. Owls and raccoons are 
 common predators of crows and are a threat to crow 
 families and eggs. 

 4.  Learning 

 Crows  can  not  only  remember  specific  facial 

 features  and  behaviors  of  predators  and  threatening 
 individuals,  but  they  can  also  pass  this  specific 
 knowledge  on  to  their  offspring.  The  mind  of  a  crow 
 operates  like  that  of  a  chess  player:  capable  of 
 planning multiple steps ahead (Figure 9). 

 Figure 9. Checkmate; By Ingrid Lam 
 A figure of crows as chess pieces. Each chess piece 
 on the board is the head and wings of a crow. Crows' 
 minds are complex and able to plan ahead. With 
 abilities to understand things spatially, the cognitive 
 capacities of corvids are expansive and involve 
 multiple layers of complex neural flexibility. 

 In  addition,  crows  have  a  well-developed  spatial 
 and  working  memory;  when  caching,  they 
 intentionally  hide  food  in  trees  or  tall  grass, 
 attempting  to  conceal  these  food  resources  from  other 
 pilfering  crows,  with  the  goal  of  returning  at  a  later 
 time  to  relocate  these  items  for  consumption. 
 Perishable  food  may  be  retrieved  earlier  than  other 
 food  resources,  demonstrating  a  high  degree  of 
 planning  and  cognitive  flexibility  (Emery  &  Clayton, 
 2004). 

 With  an  impressive  cognitive  tool  kit,  crows 
 demonstrate  the  ability  to  learn,  recall,  and  utilize 
 insight  to  solve  complex  problems  in  their  daily  lives. 
 Their  impressive  spatial  memory  represents  an 
 adaptive  advantage.  Some  behavioral  scientists  call 
 crows  flying  monkeys  due  to  their  advanced, 
 primate-like  intelligence  (Marzluff,  2005).  In 
 addition,  crows  hold  funerals  as  a  way  to  learn  about 
 any  potential  danger.  Through  the  implementations  of 
 customary  funerals  and  secretive  caching,  crows  use 
 their  strong  spatial  and  working  memory  as  a  survival 
 skill and cultural meme  (Figure 10; Swift, 2015). 

 Today,  scientists  understand  that  birds  in  the 
 Corvus  genus  have  sophisticated  cognitive  abilities. 
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 For  example,  in  multigenerational  family  groups, 
 crows  may  learn  how  to  utilize  tools,  the  act  of 
 utilizing  an  object  to  complete  an  action,  in  pursuit  of 
 food  resources.  Young  crows  mimic  and  mirror 
 specific  actions  while  watching  their  adult 
 counterparts.  In  New  Caledonian  crows,  (  Corvus 
 moneduloides)  ,  tool  use  may  demonstrate  evidence  of 
 social  learning  and  generate  positive  emotional 
 behavior.  When  utilizing  tools,  New  Caledonian 
 crows  completed  a  spatial  problem-solving  task 
 faster,  demonstrating  a  complex  memory,  and 
 elaborate  understanding  of  object  permanence—the 
 ability  to  remember  an  object  even  when  out  of  sight 
 (McCoy  et  al.,  2019).  Understanding  motivation  and 
 goal-directed  enrichment  of  animals-both  in  captivity 
 and  the  wild-represents  a  promising  avenue  for  future 
 crow research. 

 Figure 10. The Mourning Birds; By Pritam Khalsa 
 A dramatized depiction of a crow's funeral in a 
 cemetery. Crows gather around the dead to 
 understand the dangers of the area. Often thought to 
 be funerals, crows gather information and learn from 
 deceased crow/s to avoid danger and threats. 
 Survival skills are an observable trait that can be 
 shown in many ways. 

 5.  Cities: Prosperity in a Concrete Jungle 

 Cultural  evolution  occurs  when  one  species  adapts 
 over  time  through  social  learning.  A  murder  of  crows 
 may  demonstrate  the  cultural  transmission  of 
 knowledge  in  raising  their  young  or  warning  others 
 of  the  imminent  danger  of  distinct  predators  (Max 
 Planck  Society,  2020).  With  the  growth  and 

 development  of  human  societies  throughout 
 millennia,  humans  have  influenced  the  types  of 
 available  habitats  for  crows.  Patterns  of  cultural 
 evolution  among  humans,  with  the  agricultural 
 revolution  ten  thousand  years  ago,  and,  more 
 recently,  the  rise  of  urbanized  city  centers,  have 
 influenced  the  realized  niche  of  crow  populations 
 worldwide.  Cities  represent  an  attractive  urban 
 nesting,  and  foraging  habitat,  for  crows,  from  the 
 surplus  of  human  food  waste  to  fewer  predators.  At 
 present,  living  in  an  urban  matrix  such  as  a  city 
 center  provides  crows  with  a  diverse  range  of 
 plentiful,  nutrient-rich  food  resources,  in  addition  to 
 shelter,  tools,  and  protection,  resulting  in  a  decrease 
 in  the  area  of  territory  utilized  by  urban  crows  (Król 
 and  Hernik,  2020).  Crows’  behavioral  ingenuity, 
 cognitive  flexibility,  and  resourcefulness  allow  them 
 to  thrive  in  cities,  reaching  population  sizes  thirty 
 times  larger  compared  to  crows  living  in  forested 
 wildlands (Marzluff, 2001). 

 Crows  are  generalist,  opportunistic  foragers,  with 
 a  highly  flexible  and  diverse  diet.  Optimal  foraging 
 theory  suggests  that  crows  may  seek  out  food 
 resources  with  the  least  search  time  and  most 
 efficient  foraging  efforts  to  conserve  energy  (Zach, 
 1979).  Yet  the  year-round,  stable  availability  of 
 nutritionally  deficient  food  resources  within  cities 
 may  negatively  affect  crow  health  (Heiss,  2009). 
 While  the  diet  of  rural  crows  consists  of  a 
 protein-rich  array  of  resources  such  as  berries, 
 insects,  small  mammals,  nestlings  of  other  bird 
 species,  larvae  fish,  and  frogs,  urban  crows  may 
 forage  on  human  garbage,  fast  food,  bird  seed  or  pet 
 food.  Histology  studies  suggest  higher  blood 
 cholesterol  levels  among  urban  crows  compared  to 
 their  rural  counterparts;  a  reduction  in  the  nutritional 
 value  of  food  resources  may  reduce  reproduction 
 rates,  with  lower  nestling  birth  weights  (  Townsend,  et 
 al.,  2019)  .  However,  the  lower  reproductive  rates  of 
 urban  crows  may  not  result  in  lower  crow  population 
 sizes,  as  rural  areas  may  pose  greater  threats, 
 resulting  in  higher  mortality  (Heiss,  et  al.,  2009)  . 
 Thus,  differences  in  food  accessibility,  nutritional 
 value,  and  threats  to  survival  may  influence  the 
 crow’s  lifespan.  In  addition  to  providing  crows  with  a 
 reliable,  calorie-rich  variety  of  food  resources,  cities 
 offer  a  vast  array  of  potential  tools  (Marzluff,  2005). 
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 The  sophisticated  cognitive  abilities  of  crows  allow 
 them  to  easily  modify  both  natural  and 
 human-created  objects  in  an  urban  matrix,  solving 
 everyday  problems  with  ingenuity  and  ease  through 
 trial-and-error  learning.  For  example,  carrion  crows 
 (  Corvus  corone  )  in  Japan  may  drop  nuts  in  proximity 
 to  the  automobile  wheels  or  in  front  of  cars  at  traffic 
 stop  lights.  After  the  traffic  resumes,  the  wheels  drive 
 over  the  nut,  crushing  the  tough,  inedible  shell,  and 
 exposing  the  nutritious  kernel  (Marzluff,  2005).  Over 
 time,  this  behavior  was  transmitted  among  a 
 population  of  crows,  evidence  of  cultural  learning 
 among individuals. 

 Cities  may  represent  a  type  of  ecological  enemy 
 release.  By  protecting  crows  from  the  presence  of 
 many  predators  abundant  in  rural  and  forested 
 areas––hawks,  owls,  eagles,  raccoons,  and 
 foxes––crows  may  focus  their  efforts  on 
 reproduction,  social  learning,  and  foraging  (Sorace, 
 2002).  Predator  detection,  mobbing,  and 
 communication  efforts,  including  dive-bombing 
 potential  predators,  represent  exhausting  and 
 energy-depleting  activity.  Therefore,  urban  crows 
 may  allocate  more  of  their  daily  time  budget  to 
 teaching  their  young,  nest-building,  and  exploring 
 resources in an urban matrix. 

 Figure 11. The Peril of Cities; By Pritam Khalsa 
 The dangers of urban spaces and humans are a threat 
 to crows. This figure depicts monsters meant to 
 represent humans terrorizing the crows in the city. 
 Using watercolor, this painting dramatizes the threats 
 of bustling cities to the well-being of crows. Dangers 
 like intentional poisonings, cars, loud noises, 
 unhealthy food waste, and more, can prevent crows 
 from thriving in urban locations. 

 Although  cities  offer  an  attractive  novel  habitat, 
 humans  may  represent  a  formidable  threat  to  urban 
 crow  populations.  In  the  Pacific  Northwest  of  the 
 United  States,  city  locals  in  Portland,  Oregon 
 advocated  for  the  relocation  or  removal  of  crows 
 from  the  city  center  due  to  their  messy  droppings, 
 loud  vocalizations,  and  large  downtown  winter  roosts 
 during  cold  weather.  In  2014  and  2018,  the  city 
 utilized  avitrol  pellets,  a  lethal  neurotoxin,  to  kill 
 crows (Figure 11). 

 In  2019,  after  public  outcry  and  vocal 
 condemnation  by  the  Audubon  Society  of  Portland, 
 Portland  city  officials  banned  the  future  use  of  avitrol 
 to  prevent  the  intentional  poisoning  of  crow 
 populations  (Profita,  2019).  This  example  illustrates 
 how  local  governments  may  knowingly  violate  The 
 Migratory  Bird  Treaty  Act,  which  provides  legal 
 protection  for  crows,  among  other  birds.  Even  with 
 this  protection,  state  legislation  in  the  United  States 
 may  legalize  killing  crows  without  a  license  or  allow 
 the  elimination  of  crows  if  they  pose  a  significant 
 threat  to  agriculture,  livestock,  or  tree  nurseries. 
 Therefore,  urban  crows  may  face  lethal  consequences 
 if  they  are  perceived  as  a  nuisance  or  threat  to  human 
 livelihoods. 

 6.  Changing  . Crows Throughout the Ages 

 Throughout  history,  crows  and  humans  have  lived 
 in  close  physical  proximity,  developing  a  commensal 
 relationship.  Even  before  the  development  of  major 
 urban  cities  globally,  crows  have  been  closely 
 intertwined  with  ancient  human  cultures  with  their 
 iconography  and  artistic  symbolism  among  diverse 
 First  Nation  Indigenous  tribes  in  the  United  States. 
 For  example,  crows  represent  an  integral  part  of 
 storytelling,  cultural  regalia,  and  religious 
 symbolism:  crows  signify  wisdom  to  Pueblo  and  the 
 Tlingit  tribes,  and  a  sacred  bird  and  adept 
 communicator  to  Sioux  tribes.  During  ceremonial 
 Sioux  Ghost  Dances,  tribal  members  weave  a  crow’s 
 feathers  into  their  clothing;  once  the  final  flood 
 washes  upon  the  earth,  the  crow  feathers  would 
 safely  lift  tribal  members,  delivering  them  safely  to 
 the  heavens.  For  Sioux,  Tlingit,  Hopi,  Chippewa,  and 
 Pueblo  tribes,  crows  represent  an  interesting  duality: 
 creator  of  the  world  yet  also  a  wily,  sentient  trickster 
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 (Marzluff,  2005).  Recognizing  the  diverse  artistic, 
 symbolic,  and  cultural  representation  of  crows  in 
 Indigenous  cultures  will  foster  greater  awareness  of 
 this sacred bird among First Nation peoples. 

 Yet,  humans’  perception  of  crows  has  shifted 
 throughout  history,  from  reverence  to  revulsion.  In 
 Middle  Ages  and  Renaissance  Europe,  crows  were 
 viewed  as  an  omen  of  foreboding  evil  (Król  & 
 Hernik,  2020).  During  the  American  Civil  War 
 (1861-1865),  crows  assumed  a  negative  connotation, 
 representing  a  harbinger  of  death  as  soldiers  and 
 civilians  observed  crows  actively  scavenging  on 
 human  corpses  (Marzluff,  2005).  At  this  time, 
 literature  prominently  featured  crows  as  symbols  of 
 negative  prophecy,  painful  loss,  or  unimaginable 
 tragedy.  In  the  words  of  19th-century  American 
 writer  and  poet,  Edgar  Allan  Poe,  the  Raven 
 represents  a  macabre  symbol  of  grief:  quoth  the 
 raven,  nevermore.  This  illustrates  the  power  of  birds 
 as  a  symbol  of  loss  and  tragedy  and  underscores  their 
 impact  on  human  culture  and  society  in  diverse  ways 
 (Figure 12). 

 Figure 12. Through the Looking Glass of Fear; 
 By  Leah Jones Neuray 
 This figure shows a pair of glasses facing two crows 
 on a branch. The glasses represent the way people 
 negatively view crows as symbols of death. The 
 misconceptions about crows culturally are the cause 
 for the disregard of corvids as a valuable species. 
 Seen in visual art, poetry, indigenous stories, and 
 more, the culture regarding crows has seldom been 
 positive. 

 In  addition,  19th-century  artists  from  American 
 ornithologist  and  painter,  John  James  Audubon 
 (1785-1851),  to  Dutch  post-impressionist  painter, 
 Vincent  van  Gogh  (1853-1890),  represented  crows  in 
 their  works.  Celebrated  for  his  detailed  paintings  of 

 crows  in  naturalistic  habitats,  Audubon  depicted 
 crows  in  a  representational  style.  In  European 
 masterpieces,  crows  may  depict  hidden  meanings. 
 For  example,  Vincent  van  Gogh’s  iconic  painting, 
 Wheat  Field  With  Crows  ,  depicts  a  large  expanse  of 
 wheat  fields  with  a  nearby  murder  of  crows  circling 
 the  tumultuous  sky  above.  In  this  painting,  one  of  van 
 Gogh’s  last,  crows  may  symbolize  the  sadness  and 
 loneliness  that  characterized  his  final  days  (van  Gogh 
 Museum Amsterdam, N.D). 

 Lastly,  English  language  word  etymology––the 
 study  of  words  and  their  cultural  context  and 
 connotations––conveys  human  perceptions  of  crows 
 throughout  history.  While  the  popular  lexicon  of  a 
 group  of  people  may  shift  in  popularity  and  usage 
 over  time,  many  historical  and  modern  interpretations 
 of  crow  biology  remain  in  use  today.  For  example, 
 the  English  idiom,  to  eat  crow,  signifies  facing 
 humiliation  or  defeat  by  admitting  one’s  defeat  or 
 setting  aside  one’s  pride.  Interestingly,  the  origin  of 
 this  colloquial  saying  may  be  attributed  to  English 
 author,  Rudyard  Kipling  in  a  short  story  written  in 
 1885,  as  a  character  eats  a  wild  crow,  a  metaphor  for 
 an  inescapable  situation.  To  crow  over  someone 
 means  to  brag,  gloat,  or  loudly  delight  in  someone 
 else’s  defeat,  yet  to  crow  at  someone  may  reference 
 the  hoarse,  piercingly  loud  vocalizations  of  crows 
 (Figure  13;  Voice  of  America  Learning  English, 
 2017). 

 Figure 13. To Crow or Not to Crow; By Marina Seidl 
 Watercolor painting depicting crow vocalizations in 
 response to potential danger, in this case, a raccoon. 
 Crows can respond to different threats using different 
 sounds to warn other crows of predators. Although 
 thought to be obnoxious pests with their caws and 
 croaks, crows communicate with each other using 
 those noises. Corvids have a complex language 
 researchers are still trying to understand. 
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 Despite  their  close  relationship  with  humans  and 
 fascinating  representation  in  art,  language,  and 
 literature,  crows  are  often  viewed  as  noisy,  obnoxious 
 pests.  This  perception  may  be  partly  accurate,  as 
 research  suggests  that  rural  crows  may  shift  their 
 behavior  after  being  shot  and  killed  for  pilfering 
 crops  or  calling  loudly  in  proximity  to  humans.  While 
 the  Migratory  Bird  Act  outlines  guidelines  for  crow 
 protection,  these  regulations  marginally  protect  crows 
 due  to  existing  loopholes:  it  is  legal  to  kill  crows  124 
 days  of  the  year  in  response  to  the  destruction  of 
 property,  wildlife,  livestock,  fruit  or  ornamental  trees, 
 nuisance,  or  human  health  hazard,  with  no  bag  limit 
 (U.S. Fish & Wildlife, N.D.). 

 7.  Conclusion 

 Overall,  groundbreaking  research  on  the  behavior, 
 biology,  and  cognitive  abilities  of  crows  shed  new 
 light  on  these  intelligent  vertebrates.  Findings  like 
 these  indicate  the  vast  amount  of  information  left  to 
 discover  and  study  the  behavioral  functions  and 
 cognitive  abilities  of  the  crow.  Although  some 
 humans  still  associate  crows  with  noise,  annoyance, 
 and  vexation,  many  learn  the  remarkable  abilities  of 
 the  bird.  With  continued  research  on  crows,  humans 
 may  develop  a  more  nuanced  understanding  of  the 
 complex,  multifaceted,  and  deep-rooted  interactions 
 with  crows,  shaping  the  cultural  co-evolution  of  both 
 humans  and  crows  in  the  future.  Co-evolution  defines 
 a  vast  majority  of  the  crow  and  human  relationship, 
 representing  the  significance  each  species  has  in  each 
 other's  lives  and  its  continued  growth  throughout 
 history.  The  unique  layering  of  neurons  and  other 
 anatomical  brain  structures  allows  crows  to  have  a 
 diverse  cognitive  tool  kit.  Corvid  intelligence  and  the 
 extent  of  their  levels  of  consciousness  have  only 
 recently  begun  to  be  explored.  Researching  this 
 further  can  explain  the  depth  of  crowd  social  learning 
 and  communication.  Crows  share  close-knit  family 
 groups  and  can  learn  from  each  other,  a  skill  found  in 
 many  cognitively  advanced  species.  Other  skills 
 include  tool  use  and  the  ability  to  adapt  and  thrive  in 
 urban  and  rural  environments.  These  abilities  can 
 indicate  to  researchers  the  extent  of  corvid 
 complexity.  This  paper  was  written  to  inspire  future 
 researchers  to  expand  what's  known  about  corvids  in 

 the  world  of  behavioral  ecology.  Corvids  are  avians 
 that  deserve  full  exploration  of  their  cognitive 
 abilities  and  complex,  intriguing,  culture.  Their 
 history  has  been  constantly  intertwined  with  humans 
 and  merits  a  deeper  dive  into  the  secret  world  of 
 crows. 
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