
1957] MASON:  CONCEPT  OF  THE  FLOWER 81

THE  CONCEPT  OF  THE  FLOWER  AND  THE  THEORY  OF
HOMOLOGY^

Herbert  L.  Mason

In  seeking  sound  concepts  around  which  to  build  our  ideas  of  the  tax-
onomy  of  the  flowering  plants,  we  find  that  confidence  in  our  concepts
of  the  flower  has  steadily  deteriorated  since  the  exposition  and  later  clari-
fication  of  the  classical  theory  of  the  flower  and  especially  since  the  pub-
lication  by  Zimmermann  (1930)  of  the  telome  theory.  The  ideas  embodied
in  the  classical  theory  —  namely,  that  the  parts  of  the  flower  are  metamor-
phosed  leaves  —  had  their  beginnings  early  in  botanical  history,  going  back
at  least  to  Linnaeus  and  several  of  his  associates.  The  most  significant
enunciations  of  the  theory,  however,  are  accorded  to  Caspar  Friedrick
Wulff  (Samassa,  1896)  and  to  the  poet-philosopher  Wolfgang  von  Goethe
(1790).  It  is  important  to  realize  that  the  classical  theory  embodied  the
concept  of  homology  that  was  being  discussed  by  the  18th  and  19th  cen-
tury  anatomical  philosophers  of  Germany  and  France,  including  also  such
menasCuvier  (1800),  Oken  (1807),  and  St.  Hilaire  (  1807)  .  The  concept
originated  in  the  thinking  of  the  classical  geometricians  and  was  here
being  applied  to  biology.  The  language  was  vague  because  its  abstractions,
although  clear  to  its  authors,  were  burdened  with  confusions  of  logical
types  that  led  to  confusion  of  understanding  among  the  readers  in  their
attempts  to  apply  it.  For  instance,  Goethe  spoke  of  the  parts  of  the  flower
as  being  "metamorphosed  leaves"  while  Oken  created  bewilderment
among  zoologists  by  speaking  of  the  "humerus  of  the  head."  These  ideas
became  variously  known  in  botany  as  the  "classical  theory  of  the  flower"
or,  more  broadly,  as  "the  theory  of  morphology,"  alluding  here  to  the  con-
cept  of  homology  that  was  embodied  in  it.  It  met  with  immediate  criticism
as  presenting  an  illogical  consequence,  since  "that  which  never  was  a  leaf
could  scarcely  be  a  metamorphosed  leaf."

There  followed  a  period  of  great  discussion.  Of  the  clarifications  which
emerged,  that  expressed  by  the  British  botanist,  Lindley  (1838,  p.  59),
seems  especially  worthy  of  our  attention  because  it  constitutes  one  of  the
first  clear  expressions  of  the  concept  of  morphological  equivalence.  Said
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Lindley,  ^'It  has  been  observed  in  a  report  made  to  the  British  Association
at  their  meeting  in  Cambridge  in  1833,  when  adverting  to  this  doctrine,
that  when  those  who  first  seized  upon  the  important  but  neglected  facts
out  of  which  the  modern  theory  of  morphology  has  been  constructed,
asserted  that  all  appendages  of  the  axis  of  the  plant  are  metamorphosed
leaves,  more  was  certainly  stated  than  evidence  would  justify:  for  we
cannot  say  that  an  organ  is  a  metamorphosed  leaf  which  in  point  of  fact,
never  was  a  leaf.  What  was  meant,  and  that  which  is  supported  by  the
most  conclusive  evidence,  is,  that  every  appendage  of  the  axis,  whether
leaf,  bract,  sepal,  petal,  stamen  or  carpel,  is  originally  constructed  of  the
same  elements,  arranged  upon  a  common  plan,  and  varying  in  their  man-
ner  of  development,  not  on  account  of  any  original  difference  of  structure,
but  on  account  of  special  and  local  predisposing  causes;  of  this  the  leaf
is  taken  as  the  type  because  it  is  the  organ  which  is  most  usually  the
result  of  the  development  of  those  elements;  is  that  to  which  other  organs
generally  revert  when,  from  any  accidental  disturbing  cause,  they  do  not
assume  the  appearance  to  which  they  were  originally  predisposed;  and
moreover  is  that  in  which  we  have  the  most  complete  state  of  organ-
ization."

There  are  several  interesting  ideas  embodied  in  Lindley's  statement
with  which  we  may  or  may  not  agree.  But  what  is  important  to  my  thesis
is  the  concept  of  morphological  equivalence  which  assumes  that  equiva-
lent  structures  have  had  a  like  origin,  are  arranged  in  accordance  with  a
common  plan,  and  differ  from  one  another  in  their  further  development  as
a  consequence  of  special  and  local  predisposing  causes.  This  assumes  some
sort  of  identity  in  the  early  ontogenetic  stages.  Some  such  ideas  as  here
expressed  have  governed  the  thinking  in  morphological  research  for  a
century  and  a  half.  To  a  large  measure  they  have  been  responsible  for  the
common  practice  of  interpreting  one  structure  in  terms  of  another  on  the
assumption  that  all  structures  are  deviations  from  a  prior  "common  plan."
Each  structure  is  assumed  to  have  arisen  through  the  ontogenetic  modi-
fication  of  a  pre-existing  structure.  Thus  the  concepts  of  the  classical
theory  and  of  morphological  equivalence,  at  least  as  to  their  explanation,
are  definitely  ontogenetic  concepts  whose  explanation  rests  in  knowledge
of ontogeny.

The  alternative  to  these  ideas  is  that  structures  arise  anew,  possibly
upon  a  foundation  of  the  old,  but  in  no  sense  to  be  regarded  as  being  a
modification  of  the  old.  A  structure  arising  in  this  manner  is  said  to  arise
sui  generis.  This  idea  also  has  followers,  among  them  Gregoire  (1938).
I  do  not  imply  in  placing  this  theory  in  apposition  to  the  preceding  that
it  does  not  also  entail  an  ontogenetic  explanation.

As  we  look  into  modern  concepts  of  the  flower  we  find  that  both  the
classical  theory  and  the  concept  of  homology  generally  are  being  seriously
questioned  as  logical  bases  for  morphological  interpretation.  New  ap-
proaches  to  the  problem  are  being  investigated  outside  the  scope  of  the
classical  theory  and  the  concept  of  homology.  Since  a  sound  taxonomy  of
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the  flowering  plants  and  especially  a  sound  basis  for  phylogenetic  inter-
pretation  must  rest  upon  an  understanding  of  the  flower,  I  have  attempted
to  review  these  concepts  and  evaluate  this  controversy  in  the  hope  of  de-
veloping  at  least  an  adequate  working  hypothesis  concerning  the  flower
that  might  prove  of  value  to  taxonomy.

As  we  examine  the  various  theories  of  the  flower  that  have  deviated
from  the  classical  theory,  nearly  all  point  to  the  fact  that  the  classical
theory  fails  to  explain  one  aspect  or  another  of  the  flower.  Most  workers
pointed  to  various  features  of  the  carpel,  especially  to  its  relation  to  struc-
tures  resulting  in  an  inferior  ovary,  as  not  being  interpretable  in  terms  of
the  homologies  of  appendages.  With  these  difficulties  as  a  beginning,  other
difficulties  became  apparent,  and  there  ensued  a  re-evaluation  of  all  points
of  difference  between  carpels  and  typical  leaves  and  of  other  parts  of  the
flower  in  their  departure  from  appendages  homologous  with  leaves.  Some
workers  have  investigated  the  organogenesis  of  the  flower  apex  in  com^
parison  with  that  of  the  shoot  and  have  pointed  to  differences.  As  a  result
of  their  researches  upon  these  problems,  Thomas  (1934),  Thompson
(1935),  Gregoire  (1938),  and  Lam  (1948)  insist  that  an  entirely  new
approach  to  the  interpretation  of  the  flower  is  called  for.  In  fact  Gregoire
would  overthrow  homology  as  being  inapplicable  to  any  comparison  of  the
flower  and  the  shoot,  and  would  insist  that  the  flower  is  an  organ  sui
generis  and  not  in  any  ontogenetic  sense  comparable  with  a  shoot.  This
point  is  amply  discussed  and  the  argument  met  by  Boke  (1947).

I  do  not  intend  systematically  to  discuss  here  the  points  raised  by  each
of  these  investigators  ;  what  I  am  concerned  with  is  a  re-evaluation  of  the
investigative  and  intellectual  approaches  to  the  problem.

There  are  at  least  two  basic  approaches  to  the  study  of  the  flower.  The
first  of  these,  the  traditional  method,  employed  the  concept  of  homology
as  a  system  of  logic  interpreting  structures  in  terms  of  abstract  categorical
levels  of  morphological  equivalence,  without  necessarily  knowing  the  pre-
cise  details  of  ontogenetic  elaboration  beyond  identity,  origin,  and  relative
position.  This  method  has  been  useful,  for,  although  it  did  no  more  than
categorize  structures  in  terms  of  the  formal  relations  of  a  unitary  classi-
fication,  it  aided  in  determining  what  were  comparable  structures  and  at
the  same  time  provided  a  basis,  on  the  one  hand,  for  explaining  points  of
likeness  between  two  structures,  and,  on  the  other,  a  point  of  departure
for  ordering  and  explaining  the  differences  between  structures.  This  has
been  the  chief  use  to  taxonomy  of  the  classical  method  of  morphology.

The  other  approach  to  the  problem  seeks  more  precise  information.  It
presumes  to  base  its  interpretations  upon  discovering  the  detafls  of  onto-
genetic  elaboration.  Obviously,  if  such  researches  are  faithfully  followed
to  their  conclusion  and  the  details  of  ontogenetic  elaboration  carefully
worked  out,  we  will  have  a  considerable  body  of  fact  upon  which  to  base
our  judgments  and  our  interpretations,  but  such  facts  will  in  no  way
eliminate  the  need  of  a  logical  system  nor  obviate  the  necessity  of  estab-
lishing  intellectual  concepts  for  interpretation.
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As  we  review  the  controversy  of  the  flower,  it  appears  to  be  a  contro-
versy  between  these  two  approaches  to  the  interpretation  of  the  flower.
The  researches  of  Zimmermann  and  his  development  of  the  telome  theory
call  for  detailed  investigation  of  anatomical  organization  and  ontogeny
at  a  level  of  structural  organization  below  that  envisaged  in  the  system
of  logic  developed  by  Goethe  for  the  classical  theory  of  the  flower,  which
operated  strictly  on  the  level  of  gross  organography.  If  we  are  to  employ
the  concept  of  homology  to  function  at  this  more  detailed  level,  we  will
have  to  redesign  our  system  of  logic  so  that  it  will  be  useful  in  terms  of
the  structures  that  pertain  at  this  level  of  organization.  To  some,  the
telome  serves  this  purpose  (Zimmermann,  1930).  The  telome  is  defined
in  terms  of  empirical  criteria  derived  from  the  structure  of  the  extinct
Psilophytalean  genus  Rhynia  wherein  the  terminal  segment  of  the  axis
beyond  the  last  dichotomy  is  accepted  as  the  basis  of  the  concept  of  the
telome.  The  segment  of  the  axis  upon  which  the  telome  rests  is  called  the
mesome.  Thus  telomes,  as  they  give  rise  to  new  telomes  in  their  ontogeny,
become  mesomes.  It  follows  that  if  we  can  get  at  the  facts  of  anatomy,  we
shouM  be  able  to  trace,  through  the  structure  of  the  individual,  the  onto-
genetic  history  of  telome  elaboration,  and,  through  the  ontogeny  of  elabo-
ration  of  the  individual,  we  may  be  able  to  interpret  the  phylogeny  of
telome  differentiation  in  the  origin  of  organs.  This  is  the  simple  logic  of
the  case,  and  we  read  such  phrases  as  "seeking  the  evidence  of  ancient
dichotomies"  (Lam,  1948).  Obviously  the  details  of  morphological  differ-
entiation  in  the  higher  plants  are  more  complicated  than  those  evident  in
the  fossil  Rhynia.  These  complications  are  systematically  explained  in
the  telome  theory  by  a  series  of  elementary  processes  accounting  for  the
origin  of  the  telome  and  its  phylogenetic  elaboration  to  produce  the  most
complicated  of  higher  plants.  I  shall  not  go  into  this  in  detail,  but  will
discuss  some  limitations  to  its  use  in  comparative  morphology.  It  is  suf-
ficient  here  to  call  attention  to  the  fact  that,  like  the  cell,  the  telome  is
thought  of  as  a  ubiquitous  structure  in  the  plant.

Not  all  of  the  discontent  with  the  classical  theory  emanates  from  fol-
lowers  of  the  telome  theory.  My  point  is  that  the  wave  of  reactivated  dis-
content  began  with  the  detailed  anatomical  analysis  of  structure  called
into  operation  by  the  telome  theory  and  rests  primarily  upon  evidence
pertaining  to  an  anatomical  level  of  organization  not  adequately  account-
ed  for  in  the  classical  theory  of  Goethe  based  on  organography.

It  should  be  clear  that  the  telome  theory  —  namely,  that  plant  struc-
tures  are  compounded  of  telomes  in  accordance  with  the  operation  of  the
elementary  processes  —  like  the  classical  theory  and  the  principle  of
homology  is  a  system  of  logic.  As  a  system  of  logic  it  is  designed  to  inter-
pret  structures  on  the  basis  of  criteria  significant  to  telomes  and  the  ele-
mentary  processes  significant  to  their  elaboration.  The  principle  of  homol-
ogy,  on  the  other  hand,  is  a  system  of  logic  designed  to  interpret  structures
through  the  logic  of  comparison  resting  upon  comparable  criteria  signifi-
cant  to  morphological  equivalence.  The  logical  consequences  of  the  prin-
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ciple  of  homology  are  not  to  be  judged  by  the  criteria  of  the  telome  theory.
These  criteria  are  pertinent  only  to  the  logical  system  for  which  they  were
developed.  There  is  nothing  inherent  in  the  telome  theory  that  can  invali-
date  either  the  classical  theory  or  the  principle  of  homology.  We,  as  the
designers  of  these  systems  of  logic,  can,  if  the  facts  warrant,  say  that  one
system  explains  the  situation  much  better  than  the  other  and  we  may
accept  or  reject  on  that  basis.  On  the  other  hand  we  may  alter  the  system
of  logic  to  make  it  more  effective,  and,  if  the  altered  system  proves  to  be
more  efficacious,  we  may  replace  the  old  with  the  new.

Having  investigated  the  problem  of  the  flower  both  by  studying  its
presentation  in  the  literature  and  by  reviewing  the  structural  features  of
a  large  number  of  different  kinds  of  flowers,  I  have  assessed  this  contro-
versy  as  resting  primarily  in  difficulties  with  our  system  of  logic,  in  part
with  our  failure  to  establish  adequate  diagnostic  criteria  for  the  categories
into  which  we  would  classify  the  structures  of  the  flower  and  in  part  with
a  confusion  of  description  with  ontogeny  and  phylogeny,  rather  than  with
any  unusual  difficulties  inherent  in  floral  anatomy.  The  chief  anatomical
difficulty  is  largely  a  matter  of  determining  ^when  is  a  structure  a  new
structure?'  meaning  by  this,  when  does  it  depart  from  being  an  integral
part  of  the  structure  that  bears  it?  This,  I  think,  can  be  answered  strictly
within  the  framework  of  the  principles  of  homology,  viewing  each  case,
to  be  sure,  in  its  ontogenetic  setting,  but  primarily  viewing  each  structure
for what it is.

In  discussing  the  concept  of  homology  I  shall  employ  a  diagrammatic
design  (fig.  1  )  which  may  be  spoken  of  as  an  organization  system  (Wood-
ger,  1929).  This  is  strictly  a  design  for  displaying  an  idea,  and  as  I  em-
ploy  it,  it  is  not  to  be  construed  as  meaningful  to  any  other  purpose.  Its
purpose  here  is  to  display  the  scope  and  detail  of  the  application  of  the
concept  of  homology  as  it  appears  serially  in  the  plant,  how  homology  is
to  be  interpreted  in  cases  of  regeneration,  and  through  this,  how  structures
that  may  otherwise  appear  as  anomalous  may  be  effectively  explained.
From  serial  homology  we  may  proceed  to  general  homology,  a  transitive
relation  which  rests  upon  the  notion  that  "things  equal  to  the  same  thing
are  equal  to  one  another."  We  will,  however,  use  the  term  "equivalent"  in
the  sense  we  attribute  to  Lindley,  rather  than  the  term  "equal,"  which
jnplies  detailed  identity.  I  shall  employ  as  exemplary  the  homologies  of
the  appendages  of  the  axis  of  the  shoot  and  of  the  flower  in  the  flowering
plants.

Organization  System  of  a  Higher  Plant

Whether  an  organism  develops  from  a  one-celled  zygote,  from  a  single
meristematic  cell,  or  from  a  group  of  meristematic  cells,  there  is  a  pattern
of  organization  resulting  from  its  ontogeny  that  reflects  the  plasticity  of
the  cell  in  its  capacity  for  division  and  differentiation.  This  pattern  of
organization  has  a  dual  aspect.  It  is  reflected  first  as  an  increase  in  struc-
tural  complexity  brought  about  simply  by  the  continued  increase  and
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A

Fig. 1. Diagram of organization system resulting from increase in complexity due
to cell division and cell differentiation.

A to BC represents the complexity arising purely from the multiplication of cells.
The three cell  lineages A to  DG,  A  to  EH,  and A to  FI  represent  differentiation
through the activities within each of the three meristem systems and represent a com-
plexity resulting from cell differentiation. Regeneration homology is indicated by
A' B' C' where a new system is generated at the organ level. Interpretation is achieved
by correlating A' with A, B' with B, and C with C.

disposition  of  large  numbers  of  cells,  as  A  to  BC  (fig.  1  )  ,  especially  where
the  pattern  results  from  different  planes  of  cell  division.  The  pattern  of
organization  is  reflected  secondly  as  an  orderly  increase  in  complexity
resulting  from  the  differentiation  of  the  meristem  DEF  and  channelling
the  diversity  into  lineages  of  differing  tissues,  tissue  systems,  and  organs
ordered  in  accordance  with  their  respective  meristem  origins,  as  A  to  DG,
A  to  EH,  and  A  to  FI.  Let  us  suppose  that  these  represent  the  hneages
originating  in  the  three  meristem  systems  from  promeristem  through  pro-
toderm,  procambial  strands,  and  ground  meristem,  and  the  cell  and  tissue
lineages  of  each  meristem  system  to  its  structural  destiny.  By  superimpos-
ing  the  idea  of  increased  structural  complexity  through  cell  division  on
different  planes  over  that  of  the  results  of  meristematic  differentiation,  as
shown  in  the  system  chart  (iig.  1  )  ,  we  obtain  the  impression  of  an  organs
ization  system  that  may  be  of  great  utility  in  the  interpretation  of  com-
parable  structures  on  any  given  plant,  as  well  as  a  basis  for  determining
what  on  any  given  plant  is  comparable;  through  such  serial  comparison
we  may  determine  what  structures  on  different  plants  are  comparable.  We
may  interpret  the  design  as  constituting  a  hierarchy  of  different  levels  of
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organization  in  which  each  of  the  lower  levels  participates  within  the
limits  of  its  meristematic  origin  in  the  structural  organization  of  each  suc-
cessively  higher  level,  and  at  length  each  is  an  integral  part  of  the  organ-
ismic  whole.  Analytically  this  presents  a  design  in  order  approachable
through  mathematical  induction.

Aside  from  the  cell  division  hierarchy  and  the  resulting  segregation
mentioned  above,  it  is  also  possible  to  trace  in  these  same  patterns  hier-
archies  of  structural  specialization  and  of  associated  functional  specializa-
tion.  And  since  each  phylogenetic  step  of  structural  advance  was  accom-
plished  as  a  precise  step  in  the  ontogeny  of  an  individual  through  the
activity  of  mutagenic  agencies  or  other  cytological  phenomena  by  which
an  individual  deviated  from  its  predecessors  to  the  extent  of  this  step,  the
hierarchy  of  organization  also  reflects,  to  a  limited  extent,  through  logical
implication,  the  basis  for  a  phylogenetic  explanation  as  it  relates  to  struc-
tural  pattern.  The  reasoning  here  is  clear,  but  because  of  the  nature  of
the  facts  it  may  be  clearer  than  the  evidence.  The  reasoning  is  as  follows.
There  is  no  step  in  phylogeny  that  structurally  is  not  first  evident  as  a
step  in  the  ontogeny  of  an  individual  regardless  of  its  cause.  So  far  as  the
empirical  phenomena  upon  which  these  rest  are  concerned,  and  especially
as  phylogeny  relates  to  any  particular  phylogenetic  step,  ontogeny  and
phylogeny  are  one.  It  is  possible  to  abstract  successive  steps  in  phylogeny
out  of  their  context  of  successive  ontogenies.  We  may  then  speak  of  a
unitary  phylogenetic  sequence.  Through  the  many  changes  that  have  in-
volved  the  structural  differentiation  of  plants,  however,  it  is  no  longer
possible  to  separate  these  as  discrete  historical  steps  in  either  phylogeny
or  ontogeny.  Because  of  this,  the  ideally  sound  biogenetic  law  of  Haeckel
(1876)  that  ontogeny  recapitulates  phylogeny  is  difficult  of  application
except  in  very  general  terms.  The  common  properties  of  equivalent  struc-
tures  must  be  assumed  to  represent  their  common  ancestral  connections
from  which  they  deviate  in  their  separate  ontogenies  and  phylogenies.  It
would  seem,  therefore,  that  the  concept  of  morphological  equivalence
rests,  to  this  extent,  on  the  biogenetic  law.  In  our  organization  diagram,
therefore,  as  they  relate  to  an  individual,  the  older  phylogenetic  facts  are
probably  to  be  found  lower  in  the  system  than  are  the  younger.  (In  this
predecessor-successor  relation  of  morphological  facts  based  upon  levels  of
identity,  we  see  the  basis  for  the  connected  system  necessary  for  the  logic
of  homology.)  To  my  thesis,  the  operation  of  the  biogenetic  law  is  most
clear  when  a  preceding  structure  serves  as  a  structural  foundation  for  a
phylogenetically  following  structure  and  must  be  resynthesized  in  each
ontogeny  in  order  that  the  following  structure  may  be  synthesized.  This
may  be  the  full  scope  of  the  meaningfulness  of  the  biogenetic  law  in  plants.

The  Cell  and  its  Role  in  Ontogeny

Since  each  individual  begins  as  a  single  cell  and  each  step  in  the  com-
plexity  and  differentiation  of  the  whole  results  from  cell  division  into  like
or  different  kinds  of  cells,  it  will  be  apparent  that  all  known  operational
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dynamics  in  the  structural  ontogeny  of  the  individual  are  on  the  level  of
dividing  cells,  plus  any  subsequent  modifications  of  any  individual  cell.
Dividing  cells  occur  at  nearly  all  structural  levels  of  the  hierarchy,  and
such  meristematic  cells,  through  the  subsequent  development  of  descend-
ent  cell  lineages,  may  either  carry  the  main  organization  system  toward
its  completion  or  may  initiate  a  cell  lineage  capable  of  developing  a  new
structure  that  may  be  an  ontogenetic  departure  from  the  structure  in
which  the  original  cell  arose.  Thus  at  the  junction  of  the  petiole  and  the
blade  of  the  leaf  of  Tolmiea  menziesii  and  in  the  crenations  on  the  leaf
margin  of  various  species  of  Bryophyllum,  buds  develop  that  generate  new
plants  as  complete  as  those  which  develop  from  seed.  Organographically
these  initiating  meristems  occur  at  a  high  level  in  the  organization  system.
However,  in  the  inception  of  this  activity  we  must  think  of  the  meristems
as  returning  to  a  lower  level  in  the  system  and  thus  as  regenerating  a  new
system.  It  is  a  very  important  fact  that  neither  the  resulting  system  nor
the  structure  produced  in  any  way  distorts  the  interpretation  of  the  organ
on  which  these  initiating  meristems  arose.  In  the  cases  here  mentioned  the
organs  bearing  the  new  "system"  are  still  and  always  will  be  leaves.

How  and  where  new  anatomical  lineages  may  develop  and  to  what
extent  they  develop  will  depend  upon  the  "special  and  local  predisposing
causes  of  ontogeny."  These  predisposing  causes  may  result  in  the  produc-
tion  of  such  structures  as  a  sporangium  on  a  sporophyll,  the  extension  of
a  structure  by  toral  growth,  the  production  of  some  teratological  struc-
ture,  the  development  of  a  tissue,  or  the  extension  of  a  vascular  system.
If  such  a  structure  is  defined  in  terms  of  its  inherent  properties,  it  is  pri-
marily  significant  for  what  it  is.  Only  if  it  is  defined  in  terms  of  some  posi-
tional  relation  is  it  ever  significant  for  where  it  is.  In  some  cases  it  may
be  significant  to  the  defining  type  of  the  structure  that  bears  it,  as  for
instance,  a  megasporangium  on  a  sporophyll  is  significant  to  this  sporo-
phyll  being  also  a  carpel;  but  neither  what  the  sporangium  is,  nor  where
it  is,  is  in  any  wav  significant  to  the  interpretation  of  the  carpel  as  being
also an appendage.

Such  ontogenetic  and  phylogenetic  facts  are  useful  in  the  explanations
of  likenesses  and  differences  by  which  we  classify,  but  they  neither  serve
to  describe  nor  define  the  classes  of  like  structures.  As  we  contemplate
these  matters  we  are  first  concerned  with  the  identity  of  the  structure,
then  with  its  connected  relations  in  a  classified  system  of  structures.  We
discover  in  the  properties  of  our  material  the  order  and  connectedness  that
relates  the  classes  of  structures.  We  then  explain  it  with  our  notions  of
ontogeny  and  phylogeny.  Our  first  task  is  to  discover  and  describe  and
thus  determine  what  are  homologous  structures.  We  move  then  to  ex-
planation.

It  would  seem  important,  therefore,  that  if  we  are  to  seek  to  explain
such  structures  and  their  relations,  we  must  direct  our  attention  first  to
the  organization  level  of  dividing  and  differentiating  cells  regardless  of
the  higher  organization  level  of  which  these  cells  may  have  been  a  part.
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The  primary  fact  is  the  capacity  of  a  meristematic  cell.  The  anatomical
environment  of  this  meristematic  cell  may  influence  the  nature  of  what
develops  from  it,  but  we  must  realize  that  when  this  development  is  com-
plete  the  resulting  structure  may  be  categorically  independent  of  the
structure  that  originally  produced  the  cell.  What  is  important  is  the
nature  and  identity  of  this  resulting  structure.

Through  the  vagaries  of  meristematic  initiation,  such  structures  may
develop  anywhere  in  the  organization  system.  Where  the  predisposing
causes  of  their  synthesis  become  organized  in  the  gene  pattern,  they  are
to  be  regarded  as  normally  a  part  of  the  ontogeny  of  the  plant  and  may  be
represented  by  any  tissue,  tissue  system,  or  organ,  or  by  modifications  or
by  parts  of  these.  In  effect,  in  their  ontogenetic  elaborations  they  consti^
tute  organization  systems  of  their  own  and  can  be  abstractly  superimposed
upon  the  general  organization  system  and  correlated  in  a  one  to  one  man-
ner  with  comparable  structures  as  they  may  occur  anywhere  on  the  plant
(fig.  1,  A',  B',  C).  Thus  parenchyma  is  parenchyma,  anywhere  on  the
plant,  irrespective  of  the  structure  that  gives  rise  to  its  initiating  cell  or
cells.  We  may  think  of  it  as  being  related  solely  to  the  predisposing  causes
of  parenchyma,  whatever  that  combination  of  conditions  and  events  may
be.  Likewise  any  other  structure  as  it  may  occur  normally  or  abnormally
is  to  be  regarded  primarily  in  terms  of  what  it  is  rather  than  the  nature  of
its  meristematic  origin.  What  is  important  in  each  of  these  cases  is,  'What
is  the  structure  that  results  from  such  activity?'  and  not,  'From  where  did
it arise?'

The  Concept  of  Homology

As  mentioned  above,  the  concept  of  homology  had  its  origin  among  the
ancient  geometricians  and  was  applied  to  biology  by  the  anatomical  phi-
losophers  at  the  beginning  of  the  last  century.  In  biology  it  found  its  first
linguistic  form  in  the  doctrine  of  metamorphosis  of  Wulff  and  Goethe.
Thus  homology  is  not  solely  a  biological  notion.  It  is  to  Owen  (1848)  that
we  turn  for  most  of  the  current  notions  of  homology  as  applied  in  biology.
Owen  thought  of  homology  as  a  serial  system,  although  he  expressed  him-
self  in  a  manner  that  introduced  some  confusion  between  his  serial  sys  em
and  his  example,  namely  the  serial  segmentation  of  animals  to  which  he
applied  the  notion.  Homologies  outside  of  a  given  serial  system  could  be
drawn  wherever  the  necessary  comparisons  could  be  made  and  relations
established.  These  relations  served  to  connect  the  serial  systems  of  diverse
organisms.  This  Owen  spoke  of  as  establishing  general  homology.  In  view
of  current  controversy  it  appears  that  some  clarification  of  these  notions
is in order.

Homology  as  employed  in  biology  is  an  adaptation  of  the  notions  of
set  theory,  relations  theory,  and  the  theory  of  types,  together  aimed  at
establishing  the  formal  relations  between  the  structures  of  organisms
(  Woodger,  1937  )  .  The  relations  that  we  in  biology  speak  of  as  "homology"
differ  from  ordinary  relations  because  the  field  of  the  relations  is  the
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organism,  which  comprises  a  dynamic  system.  The  relations  thus  imply
the  operations  of  the  dynamic  system  that  have  brought  them  about.  So
compelling  is  this  implication  that  to  many  it  has  become  an  integral  part
of  the  concept,  with  the  dire  consequences  that  the  formaUty  of  the  rela-
tions  is  often  confused  by  having  some  anticipated  notion  of  the  implica-
tion  built  into  it.  However,  the  actual  homology  rests  solely  upon  the
formal  relations  in  the  serial  system,  and  these  should  be  established  in-
dependently  of  any  implication  to  be  derived  from  them  or  to  be  antici-
pated  in  their  behalf  and  independently  of  any  explanation  that  may  be
forthcoming  from  our  understanding  or  our  misunderstanding.

Serial  homology  actually  is  the  serial  system  of  class  relations  in  ascend-
ing  order  into  which  any  given  structure  may  be  classified.  For  example,
a  petal  of  a  flower  belongs  to  the  following  series  of  classes:  —  petal,  co-
rolla,  perianth,  flower  part,  appendage.  Each  class  level  represents  an  in-
crease  in  the  scope  of  structures  that  are  included  as  homologous  organs.
Each  class  expresses  the  homologous  relation  of  its  included  terms.  Thus
a  leaf  and  a  petal  bear  the  homologous  relation  "appendage"  to  one  an-
other.  Each  class  at  each  level  comprises  a  logical  type.

One  may  insert  classes  or  subclasses  into  this  system  as  occasion  may
demand  so  long  as  they  are  inserted  in  a  proper  serial  order  determined
by  the  scope  of  the  relations  that  are  expressed.  The  number  of  properties
and  the  nature  of  the  properties  upon  which  the  class  is  based  is  not  im-
portant.  Its  position  in  the  series  is.  This  is  because  each  such  class  stems
from  the  logical  conjunction  of  subclasses,  and  hence  it  represents  the
logical  connection  of  the  subclasses  in  series  with  the  class.  We  thus  have
in  the  system  the  basis  for  establishing  order  and  connectedness  among
the  morphological  properties  of  organisms.  Through  their  connectedness
their  morphological  equivalence  is  implied.

As  one  approaches  the  system  analytically,  it  will  be  found  that  the
basis  of  the  implication  accrues  by  mathematical  induction,  each  subclass
at  each  level  adding  its  increment  to  the  logical  type  of  its  predecessor  to
establish  its  own  logical  type.  And  as  each  new  logical  type  is  thus  estab-
lished,  the  scope  of  the  relations  expressed  is  thereby  narrowed.  The  com-
pelling  feature  of  the  impHcation  is  enhanced  by  the  orderliness  of  these
accruing  foundations  of  relations  and  the  realization  that  they  are  found-
ed  in  ontogeny.  Also,  as  they  relate  to  the  interpretations  of  phylogeny
they  give  some  semblance  of  meaning  to  the  biogenetic  law  in  that  the
properties  of  each  predecessor  class  must  be  synthesized  in  ontogeny  as
the  foundation  for  the  synthesis  of  the  properties  of  successor  classes.  This
is  solely  logical  implication  and  not  logical  proof.  The  scope  of  the  rela-
tions  of  the  more  inclusive  classes,  however,  is  significant,  since  it  serves
to  give  a  sequence  of  order  to  the  properties.

Because  of  the  complex  nature  of  higher  plants,  the  serial  system  must
be  thought  of  in  terms  of  various  structural  levels  of  homology  rather
than  in  terms  of  a  single  organographic  series  culminating  in  the  individ-
ual  as  the  class  that  includes  all.  The  organographic  series  provides  a  very
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incomplete  concept  of  serial  homology.  It  should  be  clear  that  homologies
are  possible  on  different  levels  of  organization  of  ontogeny.  The  cytologist
employs  the  concept  at  the  level  of  cells  and  cell  contents.  Here  homolo-
gies  of  very  broad  scope  are  possible.  The  basis  of  homology  rests  in  the
identity  of  the  structure,  and  it  implies  origin  from  a  pre-existing  similar
structure.  At  a  higher  level  in  the  system  the  anatomist  employs  the  con-
cept  of  homology  for  tissues  and  tissue  systems.  Here  like  or  equivalent
cells  are  organized  into  tissues  arising  from  a  common  or  equivalent  meri-
stem  as  they  become  a  part  of  a  higher  organizational  tissue  system.  In
such  cases  the  homology  often  becomes  restricted  within  the  scope  of  the
ontogenetic  lineage  cut  off  in  the  differentiation  of  the  promeristem  into
protoderm,  procambium  strands,  and  ground  meristem.

A  third  level  of  homology  may  be  spoken  of  as  the  organographic  level
involving  identity  and  positional  relations  of  organs  and  appendages.  Here
we  are  concerned  with  cells,  tissues,  and  tissue  systems  constituting  organs
and  appendages  as  these  arise  similarly  from  like  meristems  and  are  ar-
ranged  upon  a  common  plan.

As  we  ascend  the  levels  of  structural  complexity,  the  scope  of  possible
homologies  is  reduced  and  becomes  more  localized  as  to  areas  of  the  plant
and  involves  fewer  serial  structures.  Likewise,  in  general  homology,  the
higher  the  organizational  level  the  fewer  are  the  homologies  that  can  be
broadly  drawn.  Thus,  on  the  organographic  level  one  is  less  able  to  draw
broad  homologies  than  one  is  on  the  level  of  tissues  and  cells.  For  in-
stance,  carpels  are  confined  to  the  angiosperms,  tracheids  are  present  in
several  classes  of  plants,  while  cells  are  characteristic  of  all  plants.

Because  of  the  capacity  of  dividing  cells  to  generate  structures  morpho-
logically  unrelated  to  the  organ  that  bears  them,  one  must  recognize  this
state  of  affairs  in  his  concept  of  homology.  It  calls  for  an  assessment  of
the  situation  in  terms  of  what  structures  result  and  how  they  may  be  cor-
related  with  the  organization  system  as  a  whole.  The  homologies  of  such
structures  become  evident  through  their  identity  and  their  assignment  to
the  proper  level  in  the  serial  system  of  the  whole.  For  such  homologies
I  shall  use  the  term  ''regeneration  homology."

Any  deviation  that  is  evident  in  a  practical  application  of  this  system
must  seek  its  explanations  in  regeneration  homology.  This  will  be  particu-
larly  evident  when  a  structure  attains  properties  assignable  to  a  structure
other  than  that  on  which  it  occurs.  It  will  also  be  evident  when  a  tissue
occurs  in  the  confines  of  a  meristem  system  in  which  such  tissues  do  not
ordinarily  arise.

The  Need  for  Clear  Definitions

In  the  practical  application  of  homology  to  the  problems  for  which  the
logical  system  is  devised,  it  becomes  imperative  that  such  structures  and
abstractions  employed  be  clearly  as  well  as  inclusively  and  exclusively
defined.  The  chief  problems  in  estabhshing  homology  are  precisely  trace-
able  to  these  difficulties  of  definition  or  to  semantic  problems  in  not  under-
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Standing  the  level  of  abstraction  and  the  resulting  error  as  to  what  criteria
are  involved.  Whereas  a  sporangium  may  be  significant  to  the  concept
"carpel,"  it  is  not  significant  to  the  concept  "appendage"  and  has  nothing
to  do  with  the  inclusion  of  carpels  as  appendages.  There  may  be  many
other  features  of  carpels  that  may  be  significant  to  the  concept  of  carpel
or  significant  to  the  carpel  of  some  particular  kind  of  plant,  but  they  play
absolutely  no  role  in  the  abstractions  of  the  category  "appendage"  which
are  based  upon  the  common  characters  of  kinds  of  appendages.  We  are  not
concerned  with  the  characters  of  carpels  whereby  they  may  be  unlike
other  appendages.  We  are  only  concerned  whether  or  not  they  possess  the
characters  that  are  diagnostic  of  the  abstract  concept  "appendage."  To
the  extent  that  these  characters  are  present,  we  classify  the  carpel  as  an
appendage  and  to  this  extent  it  fulfills  the  classical  theory  as  amended  by
Lindley.  To  this  extent  also,  the  assignment  of  the  carpel  to  the  concept
"appendage"  constitutes  another  relation  step  in  our  logical  system.  We
must  be  aware,  however,  that  logic  is  not  self-validating,  and  in  this  case
it  is  no  more  vahd  than  is  the  significance  of  the  criteria  of  morphological
equivalence  that  we  have  accepted.  The  logical  system  is  only  a  method  of
handling  the  facts  that  we  accept  as  valid.  We  cannot  hold  the  system
responsible  for  the  validity  of  these  facts.  Our  logic  cannot  correct  our
mistakes,  although  sometimes  it  may  assist  in  pointing  them  out.

When  we  find  carpels  that  display  characters  that  confuse  us  as  to  what
structural  category  in  which  to  include  them,  it  seems  to  me  necessary  to
investigate  whether  or  not  we  are  dealing  with  a  simple  situation  or  with  a
phenomenon  that  may  be  better  handled  through  the  logic  of  regeneration
homology.  Perhaps  the  occurrence  of  sporangia  on  sporophylls  is  such  a
case.  Some  seem  to  think  that  a  sporangium  is  normally  terminal  on  a
cauline  structure.  Should  this  be  true  the  problem  of  sporangia  on  append^
ages  fits  naturally  into  the  logical  system  of  regeneration  homology.  We
would  presume  that  through  the  predisposing  causes  of  ontogeny  a  meri-
stematic  event  takes  place  that  generates  a  sporangium  on  an  appendage,
and  these  facts  make  of  the  appendage  a  sporophyll.  When  provision  for
the  synthesis  of  the  predisposing  causes  becomes  organized  in  the  gene
system,  the  production  of  sporangia  on  appendages  is  normal.  Such  an
event  in  no  way  destroys  the  homologies  of  the  sporophyll  as  an  append-
age.  It  is  in  every  way  comparable  to  the  occurrence  of  buds  on  the  margin
of  the  leaf  of  Bryophyllum.

I  deliberately  employed  the  sporangium  in  this  example  because  it  was
easy  to  discuss  and  seemed  to  fit  in  well  as  an  example.  There  are  other
stem-like  tissues  reported  in  carpels  that  have  raised  questions  of  their
reference  to  appendages.  The  explanations  of  these  should  be  sought  upon
an  anatomical  level  of  homology  and  evidence  sought  as  to  what  struc-
tures  are  represented  and  what  has  been  their  ontogenetic  history.  Next
the  problem  is  to  find  the  extent  of  their  organization  and  what  their  re-
sulting  homologies  may  be.

The  fact  that  we  seek  identity  in  the  old  does  not  mean  that  new  struc-
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tures  might  not  appear  and  that  new  structures  are  not  possible  in  the
gynoecium.  It  does  mean  that  before  we  can  assign  them  as  being  new
structures,  we  must  have  some  criteria  other  than  our  confusion  in  the
interpretation  of  the  old,  upon  which  to  base  our  decision.  A  new  struc-
ture  is  one  which  does  not  possess  the  diagnostic  criteria  that  would  per-
mit  it  to  be  classified  in  any  existing  category  of  structures  at  the  same
organization  level.

Much  of  this  confusion  stems  from  lack  of  clarity  as  to  what  constitutes
any  particular  organ  or  structure.  For  example,  much  of  the  problem  of
the  inferior  ovary  stems  from  the  fact  that  we  do  not  have  an  adequate
definition  of  a  receptacle  drawn  from  characters  that  are  diagnostic  of  a
receptacle.  The  result  has  been  that  we  seek  evidence  of  receptacles  in
criteria  that  are  not  diagnostic  of  such  a  structure,  as,  for  example,  the
employment  by  Smith  (1943)  of  recurrent  bundles  in  the  structures  sur-
rounding  the  ovary  in  Santalaceae  as  evidence  that  this  structure  is  a
receptacle.  If  the  structure  surrounding  the  inferior  ovary  and  traversed
by  the  recurrent  bundles  in  the  Santalaceae  is  a  receptacle,  it  must  be  so
on  some  other  evidence,  for  recurrent  bundles  are  not  diagnostic  of  recep-
tacles,  nor  are  branched  or  unbranched  bundles  so  diagnostic.  In  seeking
diagnostic  criteria  for  the  receptacle,  about  all  that  I  can  find  common
to  the  several  hundred  kinds  of  flowers  I  have  examined  is  that  the  recep-
tacle  of  all  of  them  bears  flower  parts  and  is  at  least  operationally  terminal
on  an  axis.  I  have  seen  no  evidence  whatsoever  in  the  vascular  system  that
provides  for  a  universally  applicable  set  of  criteria  by  which  one  might
recognize  a  receptacle  as  different  from  any  other  structure  related  to
stems.  We  must  bear  in  mind  that  the  plant  does  not  define  "receptacle."
We  as  humans  define  it,  and  we  define  it  for  our  own  devices.

On  the  Role  of  the  Telome

If  the  telome-mesome  complex  is  significant  in  the  interpretations  of
morphology,  it  cannot  be  employed  in  any  problem  of  diagnostic  com-
parison  that  employs  the  logic  of  homology  above  the  level  of  meristem
differentiation  in  the  organization  system.  This  is  because  the  telome,  like
the  cell,  is  a  ubiquitous  structure.  It  is  presumed  to  be  a  characteristic  of
everything  and  therefore  cannot  be  diagnostic  of  anything.  The  logic  of
homology  follows  strictly  the  pattern  of  diagnostic  comparison.  To  be
significant,  an  attribute  must  be  diagnostic.  The  cell  is  significant  to  ho-
mology  only  on  a  cytological  level  where  cells  are  compared  with  cells.
If  the  telome  is  significant  to  homology,  it  can  be  significant  only  on  levels
where  telomes  are  significant  to  the  diagnosis  of  the  structure.  It  may  be
possible  to  make  such  diagnoses  on  the  basis  of  kinds  of  telome  systems
if  these  are  valid  structures.

Conclusion

This  reorganization  of  our  logical  S3/stem  I  believe  will  give  us  at  least
a  sound  working  hypothesis  for  the  flower  which  we  can  use  in  developing
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our  concepts  of  phylogenetic  taxonomy.  The  concept  of  homology,  be-
cause  of  its  ontogenetic  impHcations  and  because  phylogeny  also  has
ontogenetic  implications,  provides  us  with  the  necessary  basis  for  handling
the  problems  of  likenesses  and  differences  as  they  involve  comparable
structures.  There  is  no  problem  of  phylogenetic  divergence,  as  it  is  sub-
ject  to  investigation  in  taxonomy,  that  is  not  pursued  from  the  point  of
view  of  the  logic  of  the  concept  of  homology  as  it  relates  to  the  properties
of organisms.

When  we  turn  from  the  plant  to  contemplate  what  we  have  seen  and  to
interpret  its  significance,  we  must  inevitably  rely  either  upon  the  intuitive
judgments  of  what  appear  to  be  immediately  self-evident  facts,  or  we
automatically  resort  to  a  logical  system  based  upon  reasoning.  The  one  is
the  intellectual  foundation  of  sight  recognition,  the  other  the  intellectual
foundation  of  identification.  Both  have  an  important  place  in  interpretive
science.  Neither  is  self-validating  and  therefore  either  may  lead  to  erro-
neous  judgments.  The  security  of  the  one  rests  in  the  validity  of  the  imme-
diate  self-evidence.  The  security  of  the  other,  as  it  relates  to  our  problem,
rests  first  in  the  validity  of  the  logical  system  and  then  in  the  vaHdity  of
the  diagnostic  criteria.

It  therefore  becomes  important  that  we  develop  an  adequate  logical
system  such  as  we  strive  for  in  perfecting  the  system  of  homology.  It  is
also  important  that  we  seriously  re-examine  the  validity  of  the  diagnostic
criteria  of  the  structures  and  the  abstractions  that  we  employ  as  signifi-
cant  to  our  interpretations.  Upon  this  will  rest  the  validity  of  their  self-
evidence,  so  important  to  our  intellectual  manipulations.

We  must  not  assume  that  simply  because  we  may  have  more  detailed
and  complete  facts,  as  important  as  this  is,  that  we  can  avoid  operating
within  the  framework  of  intuitive  judgment  and  logical  systems  in  our
interpretation.  If  we  had  all  of  the  facts  of  structure  and  ontogeny,  we
would  only  shift  in  our  intellectual  contemplation  of  them  from  a  prepon-
derant  leaning  upon  logical  systems  to  a  heavier  reliance  upon  intuitive
judgment.  This  is  because  sight  recognition  would  play  a  greater  role.  The
validity  of  our  judgments  will  still  rest  upon  individual  human  capacities
for  discrimination  as  to  significance.  We  still  will  be  plagued  by  the  curse
of  him  who,  without  understanding  them,  employs  the  faulty  judgments
made  by  himself  or  others.  The  plant  is  responsible  for  what  is  there.  What
the  plant  and  its  structures  mean  to  us  is  our  responsibility,  and  it  is  not
solely  a  responsibility  of  discovery,  important  as  this  is,  because  discov-
eries  must  be  interpreted  to  be  understood.

Department of Botany,
University of California, Berkeley.
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MITOTIC  CHROMOSOME  STUDIES  IN  THE
GENUS  ASTRAGALUS^

S.  CoNRADE  Head

The  genus  Astragalus  L.,  tribe  Galegeae  of  the  Leguminosae,  consists
of  about  1,500  species  occurring  in  northern  Africa,  Europe,  northern  and
central  Asia,  and  in  the  western  hemisphere.  Some  sixty  genera  have  been
proposed  as  segregates  from  it,  and  several  taxonomic  revisions  of  the
genus  or  parts,  of  it  for  North  America,  based  on  morphological  characters,
have  been  presented  (Jones,  1923;  Rydberg,  1929;  Barneby,  1945,  1947,
1949,  1956).  Of  these,  the  more  conservative  treatments  of  Jones  and
Barneby  have  been  found  more  practical  for  the  purposes  of  this  study.

Very  little,  however,  is  known  about  the  cytology  of  this  genus.  Accord-
ing  to  Senn  (1938),  "Only  two  per  cent  of  the  species  of  the  huge  genus
Astragalus  have  been  studied.  These  species  are  based  on  an  8  series  with

1 This paper represents a portion of a thesis submitted in partial fulfillment of the
requirements for the degree of Master of Science in Botany at the State College of
Washington, Pullman. 1955.
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