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Abstract   
  

The  Fibonacci  Sequence  is  a  sequence  of  numbers  that  has  been  observed  greatly  in  nature.  One  aspect  of  the                     
Fibonacci  Sequence  and  nature  that  has  been  studied  minimally  is  with  fruits.  Thus,  the  research  question  that                   
guided  this  study  is:  what  trends  can  be  seen  in  the  relationship  between  the  numbers  of  the  Fibonacci  Sequence                     
without  any  manipulation  and  numerical  values  including  the  number  of  seeds  and  the  number  of  carpels  present  in                    
Rutaceae  and  Rosaceae  fruits?  The  goal  of  this  study  was  to  examine  how  much  of  a  relationship  there  is  between                      
the  Fibonacci  numbers  and  fruits.  The  method  of  descriptive  research  was  used  to  describe  the  naturally  occurring                   
phenomenon.  The  number  of  seeds  and  the  number  of  carpels  from  140  fruits  were  recorded;  there  were  7  types  of                      
fruits  from  each  of  the  two  fruit  families  and  10  pieces  of  each  fruit.  The  data  was  then  analyzed  to  find  the                        
percentage  of  numbers  that  were  Fibonacci  numbers.  The  major  conclusion  is  that  Fibonacci  numbers  tend  to  be                  
more   present   in   the   number   of   seeds   and   carpels   of   Rosaceae   fruits   when   compared   to   Rutaceae   fruits.   
  

  
1. Introduction   

  
Leonardo  Bigollo  Pisano,  also  known  as        

Fibonacci,  was  a  mathematician  during  the  late  12th          
and  early  13th  centuries.  His  most  famous  work          
includes  his  book,   Liber  Abaci ,  which  translates  to          
the  Book  of  Calculation.  In  this  book,  Fibonacci          
discusses  the  answer  to  a  theoretical  math  question          
that  he  created  (Gies,  2021).  The  theoretical  situation          
reads,  “[a]  certain  man  had  one  pair  of  rabbits           
together  in  a  certain  enclosed  place,  and  one  wishes           
to  know  how  many  are  created  from  the  pair  in  one             
year  when  it  is  the  nature  of  them  in  a  single  month              
to  bear  another  pair,  and  in  the  second  month  those            
born  to  bear  also”  (Sigler,  2003).  His  solution  to  this            

question  was  the  sequence  of  numbers  now  known  as           
the  Fibonacci  Sequence.  This  sequence  is  recursive,         
and  a  term  of  the  sequence  is  found  by  adding  the             
two  previous  terms.  It  follows  the  pattern         
0,1,1,2,3,5,8,13,21   and   continues   infinitely.   

The  applications  of  the  Fibonacci  Sequence  have         
been  discovered  in  a  wide  variety  of  fields  with  the            
most  prominent  being  in  nature.  One  example  of  the           
sequence  in  nature  is  that  the  number  of  petals  on  a             
flower  tends  to  be  a  number  of  the  Fibonacci           
Sequence.  Sudipta  Sinha  (2017),  from  the        
Department  of  Mathematics  at  Burdwan  Raj  College,        
finds  that  lilies  and  irises  have  3  petals  while           
delphiniums  have  8  petals.  Both  of  these  numbers  are           
Fibonacci  numbers.  The  sequence  is  also  found  in  the           
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number  of  spirals  in  pinecones  and  even  in  the           
lengths   of   the   bones   in   the   human   finger.   

One  application  of  the  Fibonacci  Sequence  that         
has  not  been  studied  to  the  extent  that  it  has  in  other              
fields  is  in  fruits.  There  has  been  some  evidence  of            
the  Fibonacci  numbers  in  fruits,  but  the  research  is           
very  limited  and  broad.  Some  of  the  surface  level           
evidence  includes  the  fact  that  apples  have  five          
sections  which  is  a  Fibonacci  number  and  bananas          
have  three  sections  which  is  also  a  Fibonacci  number           
(Allen,  2018).  Aside  from  this  basic  evidence  of  the           
Fibonacci  Sequence  in  fruits  there  are  a  few  scholarly           
studies  that  expand  upon  these  ideas.  Dr.  Grzegorz          
Skorny  and  Jakub  Śledziowski  (2015)  from  the         
University  of  Technology  and  Economics  in  Szczecin         
conducted  research  on  the  presence  of  Fibonacci         
numbers  in  the  symmetry  of  selected  fruits.  They          
used  “[t]he  method  of  visual  and  theoretical  analysis”          
to  complete  their  research  and  came  to  the  conclusion           
that  “Fibonacci  numbers  in  botany  are  interpreted  in          
fruit  cross-sections  of  various  fruits”  and  that  in  some           
fruits  the  multiples  of  Fibonacci  numbers  can  be          
observed.  They  ultimately  did  find  some  evidence  of          
the  Fibonacci  numbers  in  fruits  however  their         
research  is  very  broad  since  they  do  not  explain  any            
connections  or  trends.  They  also  focus  on  random          
fruits  and  the  multiples  of  Fibonacci  numbers  as          
opposed  to  the  original  numbers  of  the  sequence.          
This  does  not  make  their  research  any  less  accurate  or            
reliable  since  they  did  find  evidence  of  the  numbers           
in  a  broader  sense.  Other  researchers  have  looked          
more  in  depth  into  this  topic  by  focusing  on  one            
specific  fruit.  For  instance,  both  Judithlynne  Carson         
and  Paul  C.  Erken  examined  the  phyllotaxy  of  the           
pineapple  fruit  and  plant.  Ekern  (1968),  in  his  article           
for  the   Botanical  Gazette   published  by  the  University          
of  Chicago  press,  discovered  that  the  “ratio  between          
the  number  of  turns  about  the  plant  axis  and  the            
number  of  leaves  between  two  leaves  superimposed         
in  the  vertical”  in  pineapple  plants  were  values  of  the            
Fibonacci  Sequence.  Specifically,  he  found  that        
Cayenne  Pineapples  have  a  phyllotaxy  of  13/34;  both          
of  these  numbers  are  Fibonacci  numbers.  His         
research  proves  that  different  varieties  of  pineapples         
have  phyllotaxies  that  consist  of  Fibonacci  numbers.         
Carson  (1978)  conducted  similar  research  and  found         
that  the  number  of  hexagons  on  the  outside  of           

different  types  of  pineapples  are  also  Fibonacci         
numbers.  She  goes  further,  however,  and  gives  some          
potential  reasons  for  why  these  numbers  could  be          
present  in  pineapples  and  the  outside  factors  that          
could  have  contributed  to  the  variation  she         
discovered.  She  explains  that  “[t]he   Ananas   genus         
grows  in  an  area  of  wide  geographic  distribution  on           
the  South  American  continent,  in  altitudes  ranging         
from  sea  level  to  6000  feet,  and  from  conditions  of            
semi-aridity  to  hot,  humid  forests”  (Carson,  1978).        
This  wide  variety  of  factors  is  a  potential  reason  why            
different  pineapples  have  different  phyllotaxies,  but  it         
does  not  change  the  fact  that  the  majority  had           
numbers   of   the   Fibonacci   Sequence.   

Beata  Zagórska-Marek  from  Wroclaw  University,       
Institute  of  Botany  conducted  similar  research  on  the          
phyllotaxy  of  magnolia  fruits.  Zagórska-Marek       
(1994)  found  that  certain  types  of  magnolia  fruits          
have  phyllotaxis  values  such  as  5:8  and  8:13  that           
contain  Fibonacci  numbers.  Instead  of  simply        
identifying  these  values  like  Carson  and  Ekern  did,          
Zagórska-Marek  goes  even  further  and  examines  the         
frequency  at  which  the  Fibonacci  number  appear  in          
the  phyllotaxy  of  the  different  magnolia  fruits.  She          
concluded  that  “most  magnolia  fruits  show  the         
Fibonacci  pattern  in  their  carpel  arrangements  about         
75%  of  the  time”  (Figlar,  2002;  Zagórska-Marek,         
1994).   

From  these  examples,  it  is  clear  that  there  is  some            
relationship  between  Fibonacci  numbers  and  different        
types  of  fruits.  However,  the  research  conducted  has          
focused  mainly  on  the  phyllotaxy  of  the  plants  that           
the  fruits  come  from  as  opposed  to  the  fruits           
themselves.  The  research  has  also  either  examined  a          
random  selection  of  fruits  or  focused  on  one  specific           
fruit;  no  research  has  been  conducted  examining         
different  categories  of  fruits  or  comparing  them.  This          
is  one  of  the  major  gaps  in  this  topic  of  study  because              
there  has  been  very  little  research  conducted  related          
to  the  trends  that  can  be  seen  in  the  relationship            
between  the  numbers  of  the  Fibonacci  Sequence  and          
numerical   values   present   in   the   fruits   themselves.   

In  order  to  examine  trends,  specific  groups  of          
fruits  must  be  selected  so  that  connections  and          
comparisons  can  be  made.  There  are  a  variety  of           
different  ways  in  which  fruits  are  categorized         
including  “kingdom,  division,  class,  subclass,  order,        
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family,  genus,  species,  variety,  cultivar,  and  strain”         
(International  Agency  et.  al.,  2003).  Two  specific         
families  of  fruit  that  are  extremely  popular  in  the           
United  States  are  Rosaceae  and  Rutaceae.  Rosaceae         
is  the  rose  family  and  some  of  the  common  fruits  that             
fall  under  this  category  are  apples,  apricots,  and          
pears;  Rutaceae,  on  the  other  hand,  is  the  rue  family            
and  consists  of  fruits  like  lemons,  limes,  and  oranges           
(International  Agency  et.  al.,  2003).  Within  a  fruit,          
there  are  many  different  numerical  values  that  can  be           
calculated,  including  the  number  of  seeds  and         
carpels.  Seeds  can  be  defined  as  “the  structures          
containing  the  embryo  plant  for  the  next  generation”          
(Rost,  2006).  Their  structure  and  appearance  vary         
drastically  based  on  what  plant  they  are  coming  from.           
The  number  of  seeds  in  a  fruit  depends  on  the            
number  of  carpels;  a  carpel  is  “the  structure  which           
includes  both  the  ovary  and  its  associated  ovule(s)  in           
a  flower”  (Seed  &  Fruit  Development,  n.d).  These          
carpels  fuse  when  fruit  grow  and  therefore  can  be           
seen  in  fruit  as  well.  They  hold  seeds  which  is  why             
the  number  of  seeds  depends  on  the  number  of           
carpels  (Rost,  2006).  Both  of  these  values  can  be           
easily  identified  and  measured  without  any        
equipment   necessary.   

The  question  that  comes  up  when  discussing  this          
topic  is:  what  trends  can  be  seen  in  the  relationship            
between  the  numbers  of  the  Fibonacci  Sequence        
without  any  manipulation  and  numerical  values        
including  the  number  of  seeds  and  the  number  of           
carpels  present  in  Rutaceae  and  Rosaceae  fruits?  This          
question  guided  the  research  conducted  in  this  study.          
As  explained,  there  is  very  broad  evidence  of  the           
Fibonacci  numbers  in  fruits  and  there  have  not  been           
any  connections  made  between  the  different  types  of          
fruits  and  their  relationship  to  the  sequence.  The          
reason  Rosaceae  and  Rutaceae  fruits  were  chose         
specifically  was  because  they  were  the  most         
accessible  fruits  and  most  popular  fruits  in  the  United           
States.  None  of  the  existing  research  has  studied  the           
number  of  seeds  and  very  minimal  research  has          
examined  the  number  of  carpels  in  relation  to  the           
Fibonacci  Sequence.  Most  of  the  research  has  instead          
focused  on  phyllotaxy.  The  purpose  of  the  research          
that  was  conducted  in  this  study  was   to  identify  any            
trends  in  the  relationship  and  understand  the  extent  to           
which  the  Fibonacci  Sequence  and  the  number  of          

seeds  and  carpels  are  connected.  The  results  of  the           
experiment  will  help  to  identify  what  trends  are          
present  and  determine  whether  or  not  there  is  a           
connection  between  these  fruits  and  the  Fibonacci         
Sequence.  The  original  hypothesis  is  that  there  will          
be  a  greater  relationship  between  the  number  of          
carpels  and  Fibonacci  numbers  when  compared  to  the          
number  of  seeds.  This  is  speculated  because  carpels          
are  a  more  structured  component  of  fruits  with  less           
variation   than   seeds.   
  

2. Materials   and   Methods   
  

Researchers  who  conducted  similar  research  on        
the  applications  of  Fibonacci  numbers  used  a  wide          
variety  of  methods,  however  the  method  used  for  the           
purpose  of  this  study  was  descriptive  research.         
Descriptive  research  “is  defined  as  a  research  method          
that  describes  the  characteristics  of  the  population  or          
phenomenon  studied”  (Descriptive  Research,  2021).       
The  research  conducted  in  this  study  focused  on          
describing  the  naturally  occurring  relationship       
between  the  Fibonacci  Sequence  and  fruits  which  is          
why  this  method  was  the  best  option.  This  research           
was  also  quantitative  which  provided  the  numerical         
evidence  that  was  lacking  in  the  previous  studies  in           
the  field.  The  analysis  of  the  data  was  accomplished           
using  descriptive  statistics.  Descriptive  statistics       
ensures  that  the  data  is  not  altered  so  much  that  it  is              
no  longer  relevant  while  also  ensuring  that  the  data           
can  be  described  properly.  Since  the  purpose  of  the           
study  was  to  describe  this  natural  phenomenon,  using          
descriptive  research  to  analyze  the  data  allowed  for          
the  data  to  be  presented  without  too  much  alteration.           
Using  this  method  of  descriptive  research  and         
descriptive  statistics  will  answer  the  research        
question  by  providing  the  trends  and  relationships         
between  the  two  variables.  Mirroring  how        
Zagórska-Marek  analyzed  her  data  in  her  study,  the          
research  conducted  in  this  study  will  provide  what          
percentage  of  the  times  the  trends  occurred.  The          
limitation  of  this  method,  however,  is  that  it  will  not            
explain  why  such  trends  occur  but  instead  simply          
identify  them.  For  the  time  frame  and  purpose  of  this            
study,  explaining  the  reason  why  these  trends         
occurred  was  simply  not  feasible  and  would  require          
much  more  time  and  higher  knowledge  of  the  subject.           
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This  is  something  that  can  be  researched  in  the           
future,  though,  to  provide  an  explanation  as  to  why           
the   trends   discovered   in   this   study   exist.   

  
2.1   Sample   
    

A  wide  variety  of  fruits  were  used  in  this  study            
because  having  a  large  sample  allows  for  more          
connections  to  be  made  and  for  the  results  to  be  more             
accurate.  The  two  fruit  families  that  were  used  in  the            
research  were  Rosaceae  and  Rutaceae.  These  specific         
families  were  chosen  because  they  are  the  most          
popular  in  the  United  States  and  the  fruits  that  come            
from  these  families  are  easily  accessible.  Seven  fruits          
were  then  selected  from  each  family  so  that  there           
would  be  enough  data  to  analyze  and  find          
connections.  The  seven  Rosaceae  fruits  that  were         
selected  included  peaches,  Fuji  apples,  Granny  Smith         
apples,  Honey  Crisp  apples,  Gala  apples,  pears,  and          
cherries.  The  seven  Rutaceae  fruits  that  were  selected          
included  lemons,  limes,  Navel  oranges,  Cara  Cara         
oranges,  grapefruits,  tangelos,  and  mandarin  oranges.       
These  specific  fourteen  fruits  were  chosen  based  on          
local  availability  and  accessibility.  Some  fruits  such         
as  kumquats  and  loquats  are  not  easily  accessible  and           
therefore  were  not  included  in  the  research.  This,          
however,  is  a  potential  limitation  of  the  study  as           
certain  fruits  were  excluded.  Future  research  could  be          
conducted  including  those  fruits  which  were  not         
included  in  this  study.  Furthermore,  ten  pieces  of          
each  of  these  fourteen  fruits  were  examined  leading          
to  a  total  of  140  fruits.  The  reason  why  ten  pieces  of              
each  fruit  were  used  in  the  research  is  so  that  the  data             
is  as  accurate  as  possible;  by  having  multiple  pieces           
of  the  same  fruit,  it  allows  for  any  potential  variances            
our  outliers  in  the  data  to  be  accounted  for.  It  also             
provides  enough  data  for  the  percentages  to  be          
calculated.  Most  existing  research  in  the  field  did  not           
include  this  repetitive  data  collection  component        
making  their  results  more  general.  In  order  for  the           
results  of  this  study  to  be  detailed  and  applicable,           
multiple   pieces   of   each   fruit   were   used.   
    

2.2   Data   Collection   
    

The  data  that  was  collected  using  these  140  pieces           
of  fruit  was  the  number  of  the  seeds  and  the  number            

of  carpels.  First,  the  number  of  carpels  was  collected           
by  cutting  the  fruit  so  that  the  cross  section  shows  all             
the  carpels.  For  instance,  in  Figure  1,  a  Gala  apple  is             
cut  so  that  its  cross  section  shows  the  five  carpels  that             
are  present.  If  the  number  of  carpels  was  unclear           
because  they  were  not  fully  formed  or  if  they  were            
merged  with  other  sections,  then  the  number  of          
carpels   that   were   clear   was   recorded.     

  
Figure   1.   Cross-section   of   Gala   Apple.   
  

  
Figure   2.   Navel   Orange   with   Unclear   Carpels.   
  

As  seen  in  Figure  2,  the  carpel  that  is  outlined  in             
blue  was  not  included  in  the  total  count  because  it            
was  not  a  distinct  carpel.  Since  it  does  not  reach  all             
the  way  to  the  peel  of  the  orange,  it  was  excluded             
from  the  data.  Therefore,  that  Navel  Orange  had  10           
carpels.  Next,  the  number  of  seeds  per  fruit  was           
collected  by  simply  removing  the  seeds  from  each          
piece  of  fruit  and  counting  them.  This  data  was  also            
recorded  so  that  it  could  be  analyzed  later.  Seeds  that            
were  not  fully  developed  were  not  counted  in  the           
data.  This  included  seeds  that  were  flat  or  those  that            
were  significantly  smaller  than  other  seeds  in  the          
same  piece  of  fruit.  If  these  seeds  had  been  included            
in  the  data,  the  results  could  have  been  exaggerated.           
These  seeds  are  not  fully  developed  and  therefore  do           
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not  qualify  as  a  seed  that  should  be  counted  for  the             
purpose  of  this  study.  These  steps  were  then  repeated           
for   each   of   the   140   pieces   of   fruit.   
  

2.3   Data   Analysis   
    
Once  all  the  data  was  collected,  it  was  analyzed.           

The  first  step  was  to  calculate  the  percentage  of  fruit            
whose  number  of  seeds  were  Fibonacci  numbers.         
This  was  done  by  dividing  the  number  of  data  points            
that  were  a  Fibonacci  number  by  the  total  number  of            
data  points  which  was  ten.  Since  ten  pieces  of  each            
fruit  were  used,  there  were  ten  total  data  points  for            
the  number  of  seeds.  This  was  then  repeated  for  each            
of  the  14  types  of  fruits.  Next,  the  percentage  of  fruit             
whose  number  of  carpels  were  Fibonacci  numbers         
was  calculated  and  repeated  for  each  of  the  14           
different  fruits  using  the  same  method  as  previously          
but  instead  with  the  data  points  for  the  carpels  (see            
Appendix  A  for  all  data  points).  Although  0  is           
technically  a  Fibonacci  number,  for  the  purposes  of          
this  study  0  was  not  considered  a  Fibonacci  number           
because  this  would  skew  the  results.  Since  0  was  a            
commonly  occurring  number  in  the  data,  if  it  were           
considered  a  Fibonacci  number  then  it  would  seem          
like  there  was  a  greater  relationship  when  in  reality           
there  was  not.  The  next  calculation  that  was  made           
was  finding  the  percentage  of  fruits  within  each          
family  whose  number  of  seeds  were  Fibonacci         
numbers.  Then,  the  percentage  of  fruits  within  each          
family  whose  number  of  carpels  were  Fibonacci         
numbers  was  calculated.  These  percentages  were        
calculated  using  the  same  method  as  earlier  but  this           
time  with  all  the  fruits  in  each  family  as  opposed  to             
the  individual  fruits.  These  percentages  provided  the         
trends  between  Fibonacci  numbers  and  fruits  and  thus         
answered  the  research  question.  A  trend  was         
considered  significant  if  it  had  a  percentage  that  was           
greater  than  40%.  This  specific  percentage  was         
chosen  because  there  was  a  40%  chance  that  a           
number  from  the  data  set  was  a  Fibonacci  number.           
This  number  was  calculated  by  finding  the         
probability  that  a  number  in  the  data  set  was  a            
Fibonacci  number.  The  highest  and  lowest  numbers         
in  the  data  were  identified  and  then  the  probability           
that  one  of  those  numbers  was  a  Fibonacci  number           
was   calculated.         

3. Results   
  

There  were  many  trends  that  were  identified  upon          
completion  of  this  study;  some  of  which  supported          
the  original  hypothesis  and  others  which  did  not.          
First,  the  results  of  the  Rosaceae  fruits  will  be           
discussed.  100%  of  Rosaceae  fruit  used  in  this  study           
had  carpels  that  added  up  to  Fibonacci  numbers          
which  means  in  each  of  70  Rosaceae  fruits  examined,           
the  number  of  carpels  was  a  Fibonacci  number.          
Furthermore,  in  65.71%  of  the  Rosaceae  fruits,  the          
number  of  seeds  was  a  Fibonacci  number.  Some          
fruits,  however,  had  much  higher  percentages  while         
others  had  much  lower  ones;  100%  of  the  peaches           
and  cherries,  for  instance,  had  a  number  of  seeds  that            
added  up  to  a  Fibonacci  number  while  only  20%  of            
Fuji  apples  had  the  same;  this  can  be  seen  in  Figure  3              
along  with  the  percentages  from  the  rest  of  the           
Rosaceae  fruits.  This  percentage  (65.71%)  is  an         
average  of  all  the  Rosaceae  fruits  and  is  considered           
signficant  because  it  is  higher  than  40%.  As          
explained  in  the  previous  section,  any  percentage         
greater  than  40%  is  considered  signficant.  While  the          
Rosaceae  fruits  had  significant  correlation  with  the         
Fibonacci  numbers  (100%  &  65.71%),  the  Rutaceae         
fruits   had   a   much   less   drastic   relationship.     

  
Figure   3.   The   Percentage   of   Rosaceae   Fruits   Whose   
Number   of   Seeds   Added   Up   to   a   Fibonacci   Number.   
  

In  only  21.43%  of  Rutaceae  fruits,  the  number  of           
seeds  was  a  Fibonacci  number;  similarly,  in  only          
18.57%  of  Rutaceae  fruits,  the  number  of  carpels  was           
a  Fibonacci  number.  This  shows  a  clear  trend  when           
comparing  the  two  fruit  families:  Fibonacci  numbers         
tend  to  be  more  present  in  the  number  of  seeds  and             
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carpels  of  Rosaceae  fruits  in  comparison  to  Rutaceae          
fruits.  Figures  3  and  4  clearly  show  this  distinction  in            
the  number  of  seeds;  the  blue  represents  Rosaceae          
fruits  while  the  orange  represents  Rutaceae  fruits.  It          
is  clear  that  the  Rosaceae  fruits  have  much  higher           
percentages  than  the  Rutaceae  fruits  do  showing  that          
Fibonacci  numbers  are  more  present  in  the  number  of           
seeds   of   Rosaceae   fruits.   

  
Figure   4.   The   Percentage   of   Rutaceae   Fruits   Whose   
Number   of   Seeds   Added   Up   to   a   Fibonacci   Number   

  
Figures  5  and  6  show  the  drastic  difference         

between  Rosaceae  and  Rutaceae  fruits  in  regard  to          
the  number  of  carpels.  It  is  clear  that  the  Fibonacci            
numbers  are  more  present  in  the  number  of  carpels  of            
Rosaceae  fruits  than  they  are  in  the  Rutaceae  fruits.           
Thus,  the  major  trend  that  can  be  seen  when           
comparing  the  two  families  is  that  Fibonacci  numbers          
tend  to  be  more  present  in  the  number  of  seeds  and             
carpels  of  Rosaceae  fruits  in  comparison  to  Rutaceae          
fruits.   

  
Figure   5.   The   Rosaceae   Fruits   Whose   Number   of   
Carpels   Added   Up   to   a   Fibonacci   Numbers   

  
Figure   6.   The   Percentage   of   Rutaceae   Fruits   Whose   
Number   of   Carpels   Added   Up   to   a   Fibonacci   Number   
  

4. Discussion   
    

While  there  were  trends  when  comparing  the  two          
different  fruit  families,  there  were  also  some  trends          
and  conclusions  that  could  be  made  when  comparing          
fruits  within  a  family.  Within  the  Rosaceae  family,          
for  instance,  there  was  much  more  variation  with  the           
percentages  when  looking  at  the  number  of  seeds  as           
opposed  to  when  looking  at  the  number  of  carpels.           
One  of  the  most  significant  trends  in  the  Rosaceae           
family  is  that  in  100%  of  Rosaceae  fruits,  the  number            
of  carpels  was  a  Fibonacci  number.  There  were  not           
any  significant  trends  like  this  in  the  Rutaceae  family,           
however  there  were  some  outlying  percentages.  In         
most  of  the  Rutaceae  fruits,  the  number  of  seeds  was            
not  a  Fibonacci  number.  Most  of  the  percentages          
were  0%,  however  100%  of  the  grapefruits  had  seeds           
that  added  up  to  a  Fibonacci  number  and  50%  of  the             
lemons  had  seeds  that  also  added  up  to  a  Fibonacci            
number  (as  seen  in  Figure  4).  This  is  drastically           
different  than  the  rest  of  the  Rutaceae  fruits.  Besides           
these  conclusions,  most  of  the  data  was  extremely          
varied   and   no   additional   trends   could   be   identified.   

The  key  finding  of  this  study  is  that  Fibonacci           
numbers  tend  to  be  more  present  in  the  number  of            
seeds  and  carpels  of  Rosaceae  fruits  in  comparison  to           
Rutaceae  fruits.  The  purpose  of  this  study  was  to           
examine  what  trends  occur  in  the  relationship         
between  Fibonacci  numbers  and  these  selected  fruits.         
The  results  of  this  study  prove  that  while  there  are           
some  patterns  that  can  be  seen,  there  are  also  lots  of             
variances  in  the  data.  The  major  trend  that  was           
discovered  supports  the  idea  that  the  presence  of          
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Fibonacci  numbers  in  fruits  and  more  generally  in          
nature  is  purposeful.  However,  the  drastic  variances         
that  were  seen  in  the  data  also  support  the  opposite:            
that  the  presence  of  Fibonacci  numbers  in  fruits  and           
nature   is   a   coincidence   and   there   is   no   pattern.   

  
4.1   Limitations   &   Future   Research   

    
There  are  some  limitations,  however,  with  the         

research  that  was  conducted.  Only  14  fruits  were          
examined  which  is  just  a  fraction  of  the  possible           
fruits  to  be  studied.  Also,  only  10  pieces  of  each            
fruit  were  used;  this  is  a  potential  idea  for  future            
research.  Future  research  could  be  conducted  to  see          
whether  the  trend  discovered  in  this  study  applies          
to  other  categories  of  fruit  and  other  fruit  families.           
Future  research  could  also  include  a  larger  sample          
size  to  ensure  that  the  trends  are  valid  and  are            
consistently  present.  This  would  help  to  better         
understand  the  presence  of  the  Fibonacci  numbers         
in  nature  as  well  as  to  identify  whether  the           
relationship  is  simply  coincidental  or  if  it  is          
reoccurring.  Researchers  could  use  more  than  10         
pieces  of  each  fruit  to  make  sure  the  trends  they            
find  are  more  accurate.  They  could  also  use  more           
than  14  types  of  fruits.  Another  limitation  of  this           
study  is  that  it  does  not  explain  why  these  trends            
occur;  this  is  a  limitation  of  the  method  because  it            
only  identifies  the  trends.  For  the  purpose  of  this           
study,  explaining  why  the  trends  occurred  was  not          
feasible  or  necessary.  Future  research,  however,        
could  attempt  to  explain  why  the  conclusions  of          
this  study  exist  and  what  factors  impact  the         
presence  of  Fibonacci  numbers  in  fruits.  This  is          
important  to  study  because  it  would  help  explain          
why  the  Fibonacci  Sequence  is  present  and  nature          
as  well  as  because  it  would  open  up  a  whole  new             
field   of   study   that   could   have   real-life   implications.   

  
5. Conclusion   

  
Despite  these  limitations,  there  are  many       

implications  of  this  study.  For  instance,  the  results          
of  the  study  reflect  the  overall  complexity  of  the          
topic.  While  the  conclusion  supports  the  idea  that          
Fibonacci  numbers  are  present  in  nature,  the         
variances  in  the  data  support  the  idea  that  this           

relationship  is  coincidental.  There  has  been  no         
definitive  conclusion  made  yet  on  why  these         
numbers  appear  in  nature.  One  of  the  major  theories           
is  that  of  optimization.  Cristina  Olimpia  (2008)         
from  the  University  of  Agricultural  Sciences  and         
Veterinary  Medicine  in  Romania  explains  that  “the         
reason  for  this  arrangement  forms  seems  to  be  an           
optimal  packing  to  obtain  an  maximum  efficiency.”         
This  theory  that  nature  follows  the  pattern  of  the           
Fibonacci  Sequence  to  achieve  optimal  sunlight  and         
optimal  growth  could  potentially  explain  the  results         
found  in  this  study.  The  Fibonacci  numbers  could          
have  been  present  in  the  Rosaceae  fruits  in  order  to            
optimize  the  number  of  seeds  for  further  growth.          
However,  as  Dan  Reich  from  Temple  University         
explains  “almost  any  reasonable  arrangement  of        
leaves  has  the  same  sunlight-gathering  capability”        
which  disproves  Olimpia’s  claim.  Despite  this,  the         
results  of  this  study  could  be  used  in  the  future  to             
help  create  a  new  idea  for  why  Fibonacci  numbers           
are  present  in  nature.  Moving  away  from  why  the           
Fibonacci  Sequence  is  present  in  nature  since  that          
has  not  yet  been  thoroughly  identified,  there  are          
other  reasons  why  the  trends  discovered  in  this          
study  are  important.  Since  nature  is  full  of  patterns,           
by  understanding  these  patterns  it  helps  to         
understand  how  nature  develops.  Having  a  better         
understanding  of  how  fruits  develop  as  well  as  what          
patterns  are  present  can  lead  to  a  greater          
understanding  of  nature  itself.  These  conclusions        
address  a  topic  that  has  been  studied  minimally,  but           
also  supports  similar  existing  conclusions.  Skorny        
and  Śledziowski,  Carson,  Ekern,  and  Zagórska-        
Marek  all  concluded,  in  some  manner,  that         
Fibonacci  numbers  are  present  in  certain  fruits,  but          
not  all  fruits.  The  research  conducted  in  this  study           
supports  this  claim.  However,  many  new  questions         
are  presented  from  these  conclusions  with  the         
biggest  one  being  why  the  Rosaceae  fruits  had  a           
larger  correlation  to  the  Fibonacci  Sequence  than         
the  Rutaceae  fruits  did.  Since  the  gap  in  the  field  of             
study  was  addressed,  the  present  research        
contributes  to  a  growing  body  of  knowledge         
surrounding  the  presence  of  the  Fibonacci  Sequence         
in   nature.   
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Appendix   
  

Table   A1:   Number   of   Seeds   and   Carpels   in   Rosaceae   
FruitsNote.     
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Fruit   Name   (Number)   Number   
of   Seeds   

Number   of   
Carpels   

Gala   Apple   (1)   6   5   

Gala   Apple   (2)   4   5   

Gala   Apple   (3)   6   5   

Gala   Apple   (4)   9   5   

Gala   Apple   (5)   6   5   

Gala   Apple   (6)   3   5   

Gala   Apple   (7)   3   5   

Gala   Apple   (8)   8   5   

Gala   Apple   (9)   7   5   

Gala   Apple   (10)   5   5   

http://www.britannica.com/biography/Fibonacci
http://www.britannica.com/biography/Fibonacci
http://www.goldennumber.net/nautilus-spiral-golden-ratio/
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http://fruitandnuteducation.ucdavis.edu/generaltopics/AnatomyPollination/SeedFruit_Development/#%3A~%3Atext%3D
http://naturography.com/the-
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Note.    The   numbers   in    blue    font   are   Fibonacci   
numbers.   
  
  

Table   A2:   Number   of   Seeds   and   Carpels   in   Rutaceae   
Fruits   
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Fuji   Apple   (1)   8   5   

Fuji   Apple   (2)   9   5   

Fuji   Apple   (3)   6   5   

Fuji   Apple   (4)   11   5   

Fuji   Apple   (5)   8   5   

Fuji   Apple   (6)   10   5   

Fuji   Apple   (7)   9   5   

Fuji   Apple   (8)   9   5   

Fuji   Apple   (9)   9   5   

Fuji   Apple   (10)   10   5   

Peach   (1)   1   1   

Peach   (2)   1   1   

Peach   (3)   1   1   

Peach   (4)   1   1   

Peach   (5)   1   1   

Peach   (6)   1   1   

Peach   (7)   1   1   

Peach   (8)   1   1   

Peach   (9)   1   1   

Peach   (10)   1   1   

Honeycrisp   Apple   (1)   3   5   

Honeycrisp   Apple   (2)   1   5   

Honeycrisp   Apple   (3)   8   5   

Honeycrisp   Apple   (4)   4   5   

Honeycrisp   Apple   (5)   1   5   

Honeycrisp   Apple   (6)   3   5   

Honeycrisp   Apple   (7)   2   5   

Honeycrisp   Apple   (8)   3   5   

Honeycrisp   Apple   (9)   5   5   

Honeycrisp   Apple   (10)   7   5   

Pear   (1)   1   5   

Pear   (2)   3   5   

Pear   (3)   1   5   

Pear   (4)   2   5   

Pear   (5)   0   5   

Pear   (6)   1   5   

Pear   (7)   0   5   

Pear   (8)   0   5   

Pear   (9)   8   5   

Pear   (10)   0   5   

Cherry   (1)   1   1   

Cherry   (2)   1   1   

Cherry   (3)   1   1   

Cherry   (4)   1   1   

Cherry   (5)   1   1   

Cherry   (6)   1   1   

Cherry   (7)   1   1   

Cherry   (8)   1   1   

Cherry   (9)   1   1   

Cherry   (10)   1   1   

Granny   Smith   Apple   (1)   7   5   

Granny   Smith   Apple   (2)   11   5   

Granny   Smith   Apple   (3)   3   5   

Granny   Smith   Apple   (4)   5   5   

Granny   Smith   Apple   (5)   11   5   

Granny   Smith   Apple   (6)   1   5   

Granny   Smith   Apple   (7)   7   5   

Granny   Smith   Apple   (8)   13   5   

Granny   Smith   Apple   (9)   5   5   

Granny   Smith   Apple   (10)   8   5   

Fruit   Name   (Number)   Number   
of   Seeds   

Number   of   
Carpels   

Navel   Orange   (1)   0   11   

Navel   Orange   (2)   0   10   

Navel   Orange   (3)   0   10   

Navel   Orange   (4)   0   9   

Navel   Orange   (5)   0   10   
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Note.   The   numbers   in    orange    font   are   Fibonacci   
numbers.   
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Navel   Orange   (6)   0   12   

Navel   Orange   (7)   0   10   

Navel   Orange   (8)   0   11   

Navel   Orange   (9)   0   10   

Navel   Orange   (10)   0   12   

Mandarin   Orange   (1)   0   8   

Mandarin   Orange   (2)   0   9   

Mandarin   Orange   (3)   0   8   

Mandarin   Orange   (4)   0   9   

Mandarin   Orange   (5)   0   9   

Mandarin   Orange   (6)   0   9   

Mandarin   Orange   (7)   0   10   

Mandarin   Orange   (8)   0   11   

Mandarin   Orange   (9)   0   9   

Mandarin   Orange   (10)   0   9   

Lemon   (1)   0   8   

Lemon   (2)   13   7   

Lemon   (3)   1   9   

Lemon   (4)   13   10   

Lemon   (5)   9   8   

Lemon   (6)   8   10   

Lemon   (7)   12   10   

Lemon   (8)   11   11   

Lemon   (9)   1   8   

Lemon   (10)   14   11   

Lime   (1)   0   11   

Lime   (2)   0   11   

Lime   (3)   0   11   

Lime   (4)   0   9   

Lime   (5)   0   10   

Lime   (6)   0   11   

Lime   (7)   0   9   

Lime   (8)   0   11   

Lime   (9)   0   8   

Lime   (10)   0   10   

Cara   Cara   Orange   (1)   0   11   

Cara   Cara   Orange   (2)   0   9   

Cara   Cara   Orange   (3)   0   10   

Cara   Cara   Orange   (4)   0   9   

Cara   Cara   Orange   (5)   0   10   

Cara   Cara   Orange   (6)   0   8   

Cara   Cara   Orange   (7)   0   8   

Cara   Cara   Orange   (8)   0   9   

Cara   Cara   Orange   (9)   0   9   

Cara   Cara   Orange   (10)   0   10   

Grapefruit   (1)   3   14   

Grapefruit   (2)   3   11   

Grapefruit   (3)   2   13   

Grapefruit   (4)   1   12   

Grapefruit   (5)   1   11   

Grapefruit   (6)   1   14   

Grapefruit   (7)   2   12   

Grapefruit   (8)   3   13   

Grapefruit   (9)   1   13   

Grapefruit   (10)   2   13   

Tangelos   (1)   0   14   

Tangelos   (2)   0   11   

Tangelos   (3)   0   13   

Tangelos   (4)   0   10   

Tangelos   (5)   0   11   

Tangelos   (6)   0   11   

Tangelos   (7)   0   10   

Tangelos   (8)   0   10   

Tangelos   (9)   0   10   

Tangelos   (10)   0   10   


