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I.  The  Nestling  Feathers  of  the  Mallard  {Anas  boscas).

In  a  recent  paper  in  '  The  Ibis  '  it  is  pointed  out  that  "  there
is  no  branch  of  ornithology  that  has  remained  so  long  neglected
as  the  study  of  nestling  birds,  nor  is  there  one  in  which  so  many
problems  await  solution"  (1),  That  the  study  of  nestling  feathers
has  been  neglected  will  be  admitted  when  it  is  mentioned  that  up
to  1906  it  was  not  realized  that  the  true  feathers  (pennse)  may  be
preceded  by  two  generations  of  nestling  feathers  (prepennse),  that
ornithologists  have  not  yet  made  up  their  minds  whether  the
familiar  coat  worn  by  newly-liatched  chicks  and  ducklings  corre-
sponds  to  the  first  (protoptile)  or  to  the  second  (mesoptile)
nestling  coat  of  Penguins,  and  that  morphologists  have  not  yet
ascertained  whether  nestling  and  other  feathers  originally  con-
sisted  of  one  shaft  or  of  two  complete  shafts  like  the  nestling  and^
adult  feathers  of  the  Emu.

True  or  definitive  feathers  vary  greatly  in  size  and  structure  ;
nevertheless,  they  may  be  said  to  belong  either  to  a  plumose
(metaptile)  or  to  a  pennaceous  (teleoptile)  type.  The  plumose
true  feathers  are  characterized  by  barbules  which  may  possess
cilia  but  never  have  booklets  (hamuli)  ;  in  pennaceous  feathers
some  of  the  barbules  are  armed  with  booklets,  by  means  of  which
the  barbs  are  "woven"  into  a  web  —  in  the  wing-quills  of  flying
birds  we  have  highly  specialized  teleoptiles  ;  in  the  plumose
feather  from  a  Mallard  represented  in  PI.  I.  fig.  1  we  have  an
example  of  a  simple  metaptile,  bearing  a  protoptile.

In  Penguins  all  the  true  feathers  are  probably  preceded  by
both  protoptiles  and  mesoptiles  (text-fig.  3),  but  in  many  birds
there  is  only  one  nestling  coat  —  the  mesoptiles  have  either  been
completely  suppressed  or  are  represented  by  inconspicuous  and
barely  recognizable  vestiges.

In  most  birds  there  are  numerous  hair-like  feathers  associated
with,  and  intimately  related  to,  the  true  feathers.  As  these
hair-like  feathers  are  preceded  by  minute  prepennse  —  are,  in  fact,
degenerate  pennse,  —  they  might  be  known  as  filopennse.

Further,  in  many  birds  there  appear  between  the  true  or
contour  feathers  (pennae)  true  down  feathers  (plumulfe).  In  all
the  Ducks,  Geese,  and  Penguins  examined  the  plumulse  are
preceded  by  preplumulse.
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The  relation  of  the  various  kinds  of  fea,the^^s  of  mature  birds  to
Jiestlhig  feathers  is  indicated  in  the  following  table  :  —

I'apillte.

Filaraenta
(Cryptoptiles).

Prefiloplumse
(Prefilopennfe)

I. Prepeiinaj
(Protoptiles).

II. Prepennse
(Mesoptiles).

Prepluniulae.

Filopiumafi
(PilopennaB).

Plnmose PeiiiiaB
(Metaptiles).

Pennaceous Peiinas
(Teleoptiles).

Plumules.

1.  The  Prepennce.

The  most  concise  and  authoritative  statement  I  have  come
across  about  nestling  feathers  occurs  in  '  ISTewton's  Dictionar}'-  of
Birds.'  It  is  there  stated  that  neossoptiles  {i.  e.  protoptiles)  "  are
characterized  by  (1)  a  very  short  calamus,  (2)  an  insignilicant  or
ill-defined  rhachis  —  if  there  be  one  at  all,  (3)  the  almost  universal
absence  of  cilia,  (4)  long  and  slender  rami  (barbs),  and  (5)  the
absence  of  an  aftershaft  except  in  Dromreus  "  ;  in  another  para-
graph  it  is  stated  that  the  barbules  (radii)  of  the  aftershaft  have
no  cilia  (2).  A  more  recent  statement  about  neossoptiles  is  that
the  feathers  forming  the  familiar  coat  of  newly  hatched  ducklings
and  chicks  are  not  protoptiles  but  mesoptiles,  and  hence  corre-
spond  to  the  feathers  forming  the  long  fur-like  second  coat  of
Penguins  (3).

I  may  at  once  state  that  in  Mallard  ducklings  the  outer
nestling  coat  consists  of  typical  protoptiles  characterized  by
(1)  a  well-developed  calamus  which  may  contain  over  twenty
"  cones,"  (2)  a  well-developed  rhachis,  (3)  well-developed  and  in
some  cases  hook-like  cilia,  (4)  short  stiff,  as  well  as  long  slender
barbs,  and  (5)  by  a  well-developed  aftershaft,  the  barbules  of
which  bear  cilia.

In  ducklings  the  protoptiles  vary  in  size  —  some  are  over  30  mm.
in  length  and  resemble  plumose  (metaptile)  feathers,  others  are
uiider  10  mm.  in  length  and  resemble  preplumulpe.  But  the
small  as  well  as  the  large  protoptiles  consist  of  a  calamus,  a  shaft,
and  an  aftershaft.  In  addition  to  assisting  the  preplumulfe,  and
later  the  plumulfe,  in  diminishing  the  flow  of  heat  from  the  skin,
the  protoptiles,  as  a  rule,  prevent  water  reaching  the  under  coat
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of  true  down  ;  by  the  pigment  they  contain  they  help  to  make
the  duckling  inconspicuous.

(1)  The  Wing-Quill  FrotoptileH.

Though  Ducks  have  been  living  under  domestication  for  well-
nigh  two  thousand  years,  their  nestling  feathers  have  appai'ently
never  been  systematically  examined.  That  no  serious  attempt
has  been  made  to  study  the  nestling  feathers  of  ducks  and  other
Anseres,  and  of  fowls  and  other  Galli,  is  made  evident  by  a
perusal  of  Mr.  Pycraft's  important  monograph  on  the  Emperor
and  Adelie  Penguins.  In  an  interesting  chapter  on  the  com-
position  and  sequences  of  the  neossoptiles,  after  pointing  out  that
"  the  penguin  must  certainly  be  regarded  as  having  preserved
what  must  be  looked  upon  as  a  somewhat,  perhaps  very,  ancient
succession  of  plumages,"  Mr.  Pj'^craft  states  that  "  in  the  light  of
my  I'ecent  discovery  "  it  is  clear  that  the  "  down  "  feathers  of  the
Galli  and  Anseres  "do  not,  as  I  imagined,  represent  a  primitive
type  of  down  feather  homologous  with  the  woolly,  and  so  pre-
sumably  degenerate  down  of  say  the  Alcida?,  but  answer  to
mesoptyles.  The  protoptyle  or  first  generation  of  feathers  would
seem  to  be  wanting  in  these  birds,  but  I  had  the  good  fortune  to
discover  small  tufts  of  down  adhering  to  the  tips  of  the  meso-
ptyles  of  a  young  Chlo'&phaga  rubidicejjs.  Thus  we  may  assume
that  this  first  genera,tion,  since  it  has  not  yet  been  traced,  has
been  lost  in  all  the  Galli,  and  probably  all  the  Anseres  save
perhaps  this  species  and  one  or  two  allied  genera"  (3).

As  PI.  I.  figs.  2  &  3  show,  I  have  succeeded  in  tracing  two
generations  of  nestling  feathers  in  the  Indian  Runner  Duck  and
in  the  common  Domestic  Goose,  and  thereby  have  proved  that
the  coat  worn  by  newly-hatched  Ducks  and  Geese  consists  of
proto])tiles  corresponding  to  the  first  or  protoptile  nestling  coat
of  Penguins.  In  the  case  of  the  King  Penguin  the  first  or
protoptile  coat  is  apparently  in  the  act  of  disappearing  ;  but  in
all  the  Anseres  and  Galli  I  have  examined  it  is  the  second  coat
that  has'  been  lost  or  is  in  the  act  of  disappearing.  Though  in
the  wings  of  some  Ducks  and  Geese  well-developed  mesoptiles
still  make  their  appearance,  the  tail-quill  mesoptiles  are  either
vestigial  or  have  been  completely  suppressed.  That  the  pro-
toptile  is  in  the  act  of  disappearing  in  the  tail  of  the  Penguin  is
suggested  by  PL  I.  fig.  4,  while  PI.  II.  fig.  5  clearly  indicates
that  as  the  mesoptile  was  suppressed  in  the  tail  of  the  Mallard
the  protoptile  was  enlarged.

With  the  help  of  a  prematurely  developed  "nestling  tail"  the
Mallard  duckling  begins  to  dive  at  the  end  of  the  second  week,
but,  owing  to  the  development  of  the  wings  being  retarded,  flying-
only  becomes  possible  at  the  end  of  the  eighth  week.  That  the
development  of  the  wing  is  from  the  outset  retarded  is  suggested
by  PI.  II.  fig.  6,  a  ten  days'  duck  embryo.  In  this  embryo  the
papillae  which  deA'elop  into  the  tail-quill  protoptiles  are  large,
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but  the  wing-quill  papillse  are  only  beginning  to  make  their
appeanince  *  .

In  a  five  weeks'  duckling  some  of  the  tail-quills  measure
50  mm.,  but  the  wing-quill  rudiments  at  the  end  of  the  fifth
week  only  measure  4  mm.  The  wing  of  a  twenty-five  days'
MallaiTl  is  x^epresented  in  PI.  II.  fig.  7,  natui'al  size,  and  the
protoptile  of  a  secondary  wing-quill  of  a  thii'ty-eight  days'
Mallard  in  PI.  II.  tig.  8.  Though  the  wing-papillae  appear  late
they  soon  develop  into  filaments  —  filaments  of  a  thirteen  days'
Mallard  embryo  are  represented  in  PI.  III.  fig.  9.  With  the
exception  of  the  calamus  the  development  of  the  protoptile  is,  as

Text-fisfure  1.

Part of a barb from the shaft of a protoptile of a 16 days' duckling showing
barbules  spirally  twisted  at  their  origin.  X  25  dia.

Text-figure  2.

Distal part of a barbule of a protoptile of a 23 days' duckling
showing  cilia.  X  250  dia.

a  rule,  completed  before  the  end  of  the  twenty-eighth  day  of
incubation,  so  that  the  vascular  pulp  —  which  made  the  develop-
ment  of  the  nestling  feather  possible  —  may  be  converted  into
bloodless  pith  before  hatching.  Even  when  the  duckling  escapes
from  the  shell  the  nestling  coat  consists  of  bristle-like  filaments.
But  as  the  duckling  dries,  the  thin  friable  sheaths  which  pro-
tected  the  protoptiles  during  development  disintegrate,  with  the
i-esvilt  that  the  protoptiles  expand  and  provide  the  duckling
with  a  wonderfully  complete  outer  nestling  coat.  A  wing-quill

* It is conceivable that tliere is some relation between the slow development of
the wing and the persistence of wing-quill mesoptiles.
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protoptile  of  a  twenty-six  clays'  duck  embryo  artificially  removed
from  a  filament  (like  the  long  filaments  in  PI,  III.  fig.  9)  is
represented  in  PI.  III.  tig.  10.

The  wing-quill  protoptiles  are  complete  feathers  :  i.  e.,  each
consists  of  a  calamus,  a  shaft,  and  an  aftershaft.  The  calamus,
though  only  3  or  4  mm.  in  length,  is  well  formed,  contains
several  "  cones,"  and  remains  intact  imtil  the  protoptile  is  shed  —
in  Penguins  the  part  of  the  epidermic  tube  which  represents  a
"  calamus  "  usually  soon  splits,  with  the  result  that  the  individual
protoptile  barbs  are  directly  continuous  with  mesoptile  barbs
(text-tig.  14).  Though  the  growth  of  the  shaft  and  aftershaft  is
arrested  before  hatching,  the  calamus  may  continue  to  grow  after
hatching.

The  shaft  is  made  up  of  a  rhachis,  continuous  with  the  outer
segment  of  the  calamus,  and  usually  of  seven  or  eight  pairs  of
barbs,  which  vary  in  length  and  in  the  nuitaber  of  barbules  they
possess.  The  two  terminal  barbs  (which  by  uniting  formed  the
distal  part  of  the  rhachis)  end  in  long  slender  processes  destitute
of  barbules.  The  aftershaft  (PI.  III.  fig.  11),  continuous  with  the
inner  segment  of  the  calamus,  usually  consists  of  eight  barbs
bearing  barbules.  Sometimes  the  four  mesial  barbs  of  the  after-
shafts  iTuite  to  form  a  short  rhachis.  The  bai'bules  of  the  shaft
are  spirally  twisted  at  their  origin  (text-fig.  1),  but  the  aftershaft-
barbules  only  curve  slightly  on  leaving  the  barb.  It  has  frequently
been  stated  that  aftershaft-barbules  of  true  as  well  as  nestling
feathers  have  no  cilia,  but  cilia  are  invariably  present  on  the
barbules  of  the  protoptile  aftershaft  of  Mallard  ducklings.  Part
of  a  barbule  with  cilia  is  given  in  text-fig.  2.

The  Aving-quill  protoptiles  may  all  be  present  at  the  end  of  the
sixth  week  (PI.  III.  fig.  12),  but  some  of  them  have  usually  been
shed  before  the  end  of  the  seventh  week.  Though  Mallards
begin  to  fly  during  the  ninth  week,  the  development  of  some  of
the  wing-quills  is  only  completed  during  the  tenth  week.

(2)  The  Wing-Quill  Mesoptiles.

Up  to  1906,  as  already  mentioned,  it  had  not  occui-red  to
ornithologists  that  true  feathers  (pennje)  might  be  preceded  by
two  generations  of  nestling  feathers  (prepennse),  and  mesoptiles
have  apparently  not  yet  been  recorded  in  connection  with  wing-
quills.

Early  in  the  century  two  National  Antarctic  Expeditions  were
fortunate  enough  to  collect  material  which  made  possible  a  fairly
exhaustive  study  of  the  development  and  history  of  the  nestling
feathers  of  Penguins.  The  penguin  material  brought  home  by
the  English  National  Antarctic  Expedition  was  reported  on  by
Mr.  Pycraft  ;  that  collected  by  the  Scottish  National  Antarctic
Expedition  by  Dr.  Eagle  Clarke.  In  a  paper  published  in  1906
in  '  The  Ibis,'  Dr.  Clarke  announced  that  he  had  discovered  two
coats  of  nestling  feathers  in  the  Ringed  and  Gentoo  Penguins,
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Text  -figures  3  &  4.

mes

Sh
met"'

Diagrams indicating the relation of the mesoptile to the protoptile and to the first
true  feather  of  a  Ringed  Penguin  :  —  pro.,  the  protoptile,  consisting  of  four
outer barbs representing a shaft and of four inner barbs representing an after-
shaft,  sh.mes.,  shaft  of  mesoptile  continuous  distallj^  with  protoptile  and
proximally with the shaft of the true feather.- af.mes., mesoptile aftershaft also
continuous with the protoptile and the true feather, ch., connection with pro-

.toptile.  c,  connection  with  shaft  of  true  featlier.  ca.,  connection  with  after-
shaft of ti'ue feather, cal.,  calamus.
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and  in  the  following  year  an  important  paper  by  Mr.  Pyoraft  on
the  Emperor  and  Adelie  Penguins  was  published  which  deals
with  the  composition  and  sequences  as  well  as  with  the  structure
of  nestling  feathers.

Dr.  Clarke  refrained  from  stating  whether  the  silky-white
protoptile  coat,  or  the  grey  far-like  mesoptile  coat,  of  the  Ringed
Penguin,  corresponds  to  the  nestling  coat  worn  by  newly-hatched
chicks  and  ducklings.  But  Mr,  Pycraft,  in  discussing  the
sequences  of  nestling-feathers,  states  that  there  are  good  reasons
for  assuming  that  in  most  of  our  common  birds  the  first  or
protoptile  coat  has  been  lostj  and  adds  that  the  feathers  forming
the  adult  coat  of  the  Emu  maght  possibly  consist  of  mesoptiles.

Whether  ornithologists  have,  as  a  rule,  adopted  Mr,  Pycraft's
views  it  is  impossible  to  say,  but  it  may  be  mentioned  that
Mr.  Ingram,  in  tiie  '  Ibis  '  paper  already  referred  to,  points  out
that  a  study  of  the  nestling  plumage  of  the  Raptores  suggests
that  in  some  cases,  at  any  rate,  it  is  the  second  and  not  the  first
generation  of  nestling  "down"  that  has  been  suppressed  (1).

When,  some  years  ago,  I  was  led  to  study  the  feathers  of
Penguins,  I  assumed  that  birds  with  only  one  nestling  coat  had
lost  the  first  or  protoptile  coat  ;  but  the  examination  of  a
number  of  nestlings  soon  made  it  evident  that  when  in  the  Galli
and  Anseres  there  is  only  one  generation  of  nestling  feathers,.
it  is  owing,  not  to  the  absence  of  the  protoptiles,  but  to  the
suppression  of  the  mesoptiles.

In  the  account  of  the  nestling  feathers  of  the  Emperor
Penguin,  Pycraft  states  that  the  mesoptiles  are  umbelliform,  and
that  in  the  Adelie  Penguin  the  mesoptile  is  in  part  attached  to
the  main  shaft,  but  mainly  to  the  aftershaft.  I  have  not  had  an
opportunity  of  studying  the  nestling  feathers  of  either  the
Emperor  or  Adelie  Penguins,  but  from  material  pkiced  at  my
disposal  by  Dr.  Eagle  Clarke  I  have  Avorked  out  the  structure
of  the  mesoptiles  of  the  Ringed  Penguin.  In  this  species  the
mesoptile  is  extremely  complex  :  it  consists  (1)  of  an  outer  smalt
series  of  barbs,  which  extends  betAveen  the  protoptile  and  the  tip
of  the  true  feather,  and  hence  occupies  the  position  of,  and
doubtless  represents,  a  shaft  ;  and  (2)  of  an  inner  series  of  barbs
(text-fig.  3),  arranged  to  form  two  or  three  bundles,  which  as
obviously  represent  an  aftershaft.  The  chief  connections  of  the
mesoptile  in  the  Ringed  Penguin  are  diagrammatically  repre-
sented  in  text-  fig.  4,  which  indicates  that  the  mesoptile  Consists
of  a  simple  shaft  extending  between  the  protoptile  and  the  tip  of
the  true  feather,  and  a  complex  aftershaft  connected  with  the
shaft  as  well  as  with  the  aftei'shaft  of  the  true  fea,ther.

In  a  Mallard  duckling  at  the  end  of  the  fifth  week  the
mesoptile  looks  as  if  it  would  develop  into  a  simple  umbel  not
unlike  the  umbelliform  protoptiles  of  Penguins.  But  this
appearance  is  due  to  the  fact  that  nestling  feathers,  like  true
feathers,  are  developed,  not  out  of  a  scale-like  plate,  but  out  of  an
epidermic  tube  suiTounding  a  highly-vascular  dermic  pulp  and
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cr.pro.

Diagram  indicating  the  structure  and  relationships  of  the  mesoptile  with  the  pro-
toptile  and  with  the  true  feather  in  the  Chinese  Goose.  The  mesoptile  shaft
(sh.jnes.), which lies between the protoptile shaft (sh.pro.) and the tip of a true
feather, consists of numerous barbs and of a band representing a rhachis. Con-
tinuous  with  the  rhachis  is  a  perforated  band  from  which  slender  cords  (c.)
proceed to  the  barbs  forming the  tip  of  the  true  feather  (tel.).  The mesoptile
afterehaft is also continuous with a perforated band which ends in a vestige of
an  aftershaft  of  the  true  feather  (af.t.).  From  the  perforated  hand  slender
cords  (c  1)  proceed  to  barbs  near  the  tip  of  the  true  feather.  It  will  be  ob-
served  that  the  aftershaft  of  the  protoptile  consists  of  twelve  well-developed
hurbs armed with numerous bavbnles.
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protected  by  a  thin  epidermic  sheath.  When  the  development
is  carried  further,  it  becomes  evident  tliat  in  the  Mallard  the
mesoptile  consists  of  two  sets  of  fibres,  an  outer  set  i-epresenting
a  shaft,  and  an  inner,  an  aftershaft,  each  provided  with  a  more
or  less  distinct  rhachis.  Though  the  mesoptiles  in  Ducks  may-
reach  a  considerable  size,  it  is  ea,siei'  to  make  out  their  develop-
ment  and  structure  in  Geese.  The  wing-cjuill  mesoptiles,  though
well-developed  in  the  Mallard,  are  not  present  in  the  Emden
goose  but  as  PI.  I.  fig.  3  shows,  the  major  wing-covert  mesoptiles
may  reach  a  considerable  size  in  Geese.

To  start  with,  the  mesoptile  of  a  Chinese  gosling  looks  as  if  it
jDOSsessed  a  calamus  (PI.  IV.  fig.  13);  the  mesoptile  barbs  seem
to  proceed  from  a  tube  lying  immediately  in  front  of  the  tip  of
the  true  feather.  That  this  tubular  part  represents  a  calamus
is  supported  by  the  fact  that  it  contains  several  "  cones,"  but
against  the  view  that  it  is  a  true  calamus  is  the  fact  that  it  is  in
the  act  of  splitting  longitudinally  into  numerous  slender  cords.
In  mesoptiles  from  older  goslings  pai-t  of  the  tubular  portion  is
represented  by  tw^o  perforated  bands,  from  which  proceed
numerous  slender  cords  towards  the  wing-covert.  Sometimes
the  mesoptile  in  goslings  splits  into  "two  portions  (PL  TV.  fig.  14,
&  text-  fig.  5),  an  outer  (the  shaft)  extending  between  the  shaft
of  the  protoptile  and  the  tip  of  the  wing-quill,  and  an  inner  (the
aftershaft)  extending  between  the  protoptile  aftershaft  and  the
vestigial  aftershaft  of  the  wing-quill.

It  may  be  mentioned  that  in  the  Anseres  the  mesoptiles  vary
greatly  in  structure-—  the  proximal  part  of  the  aftershaft  may  be
perfoi-ated  and  assume  the  form  of  a  section  of  a  relatively
large  tube  (PI.  IV.  fig.  14),  or,  like  the  rhachis  of  the  shaft,  be
represented  by  a  simple  narrow  band.  Though  in  the  Mallard
and  Chinese  goslings  the  aftershaft,  as  well  as  the  shaft  of  the
mesoptile,  has  usually  a  distinct  rhachis,  in  Emden  goslings  the
whole  of  the  mesoptile,  as  PI.  1.  fig.  3  suggests,  usually  consists
of  simple  barbs,  one  or  two  of  which  are  continuous  with  the
rhachis  of  the  wing-covert  shaft,  while  two  or  more  end  in  a
vestigial  aftershaft.  The  barbules  of  the  mesoptile,  like  those  of
the  protoptile  aftershaft,  are  narrow  and  provided  with  well-
developed  cilia.  In  the  Ringed  Penguin  the  mesoptiles  closely
agree  in  structure,  but  in  the  Ducks  and  Geese  examined  no  two
mesoptiles  were  alike  in  structure.  The  mesoptile  coat  is  probably
as  useful  now  to  Penguin  chicks  hatched  within  or  near  the
Antarctic  Circle  as  it  was  when  originally  acquired,  during  perhaps
a  cold  phase  of  a  glacial  epoch.  In  the  Anseres,  though  the
protoptile  coat  still  plays  an  important  part,  the  mesoptile  coat
probably  no  longer  counts  in  the  struggle  for  existence.  If  this
is  the  case  there  is  no  difficulty  in  accounting  for  its  being  well-
developed  in  some  parts  but  entirely  absent  in  others,  and  for
the  marked  variation  amongst  the  mesoptiles  which  still  persist.

The  Mallard  has  wing-covert,  as  well  as  wing-quill,  mesoptiles.
The  mesoptiles  which  precede  the  wing-coverts  in  the  Mallard
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are  especially  interesting,  because  they  indicate  how  the  suppres-
sion  of  the  mesoptiles  was  gradimlly  accomplished.  In  the  case
of  the  disappearing  protoptiles  of  the  King  Penguin  (PI.  1.
fig.  4)  the  size  is  gradually  reduced  until  they  are  smaller  than
the  minute  bunch  of  barbs  which  precede  the  filoplumes  of
ducklings.  In  the  case  of  the  vanishing  mesoptiles  two  sets-
of  factors  are  evidently  at  work  ;  one  set  arrests  the  development
of  the  mesoptile  barbs,  another  set  accelerates  the  development  of
the  barbs  of  the  true  feather,  with  the  result  that  in  coui'se
of  time  the  tip  of  the  true  feather  is  found  projecting  into  the'
base  of  the  protoptile  calamus.

Though  in  most  cases  the  mesoptiles  are  gradually  reduced  in
size,  in  some  cases  the  length  is  maintained  and  either  a  few
barbs  with  barbules  are  developed,  or  the  simple  epidermic  tube
splits  into  two  or  more  bands,  which  for  a  time  connect  the
protoptile  to  the  tip  of  the  true  feather.

It  may  be  mentioned  that  though  all  the  wing-quill  protoptiles
and  mesoptiles  may  be  present  in  the  Mallard  duckling  at  the
end  of  the  sixth  week  (PI.  III.  fig.  12),  some  of  the  mesoptiles
are  usually  shed  before  the  end  of  the  seventh  week,  and  all  are
usually  lost  before  the  middle  of  the  eighth  week.  But  though
the  wing-quills  lose  all  their  nestling  feathers  during  the  eighth
week,  some  of  the  feathers  of  the  humeral  track  may  retain
protoptiles  and  mesoptiles  to  the  end  of  the  eleventh  week.  The
existence  of  the  wing-quill  mesoptiles  in  the  Mallard  proves
conclusively  that  the  nestling  coat  worn  by  newly-hatched  Ducks
and  Geese  corresponds,  not  as  Pycraft  suggested  to  the  second
generation  of  prepennse  in  Penguins,  but  to  the  first  or  protoptile
generation.

(3)  The  Tail-Quill  Protoptiles.  '

The  tail  varies  greatly  in  young  aquatic  birds.  In  Penguins
the  tail  protoptiles  have  almost  disappeared  and  the  mesoptiles
are  only  represented  by  a  few  simple  barbs  (PI.  I.  fig.  4).  In  the
Malla,rd  the  mesoptiles  of  sixteen  of  the  eighteen  tail-quills  have
completely  disappeared,  but  the  protoptiles  of  all  the  eighteen
quills  are  larger  and  more  complex  than  in  the  plumose  (meta-
ptile)  feather  represented  in  PI.  I.  fig.  1.  In  Penguins  steps  are
soon  taken  to  develop  the  tail-quills  with  a  view  to  their  forming
with  the  hind  limbs  a  tripod  useful  in  maintaining  the  erect
attitude.  In  the  Mallard  the  protoptiles  form  a  "  nestling  tail  "
which  plays  an  important  part  dui-ing  the  earlier  portion  of  the
period  tha.t  Mallard  ducklings  behave  like  diving  ducks*.

In  a  ten  days'  duck  embryo  the  tail-quill  papillae  t  are  easily

*  The  adult  Mallard,  Mr.  G.  J.  Millais  informs  me,  "  hardly  ever  dives  except
when in play during the love chase, or to escape when wounded."

f  There  are  twenty  tail-quill  papillae,  bnt  only  eighteen  of  them  develop  into
feathers large enough to rank as tail-quills.  A paper " On the development of  the
Feathers  of  the  Duck  during  the  Incubation  Period  "  was  recently  communicated
to  the  Royal  Society  of  Edinburgh by  Augusta  Lamont,  B.Sc.
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identified  (PI.  II.  fig.  6),  and  by  the  twenty-fifth  day  of  incubation
they  have  grown  into  long  fihunents  out  of  which  escape  imme-
diately  after  hatching  highly  specialized  protoptiles.  During
the  first  week  the  nestling  tail  consists  only  of  protoptiles  (PI.  lY.
fig.  15).  but  during  the  second  week  the  protoptiles  are  pushed
from  the  skin  by  the  tail-quills,  or  by  vestigial  mesoptiles.  At

Text-fiffure  6.

This  drawing  shows  that  the  rhachis  of  the  shaft  of  a  typical  tail-quill  protoptile
ends in a calamus containing "cones," that this calamus is directly continuous
with the expanded distal portion of the tail-quill rhachis, and that the connection
of the protoptile with the teleoptile is strengthened hy harbs at the tip of the
tail-quill ending in the proxiittal portion of the protoptile calamus.

the  end  of  the  fourth  week  the  tail-quills  may  be  nearly  an  inch
in  length,  and  they  are  still  longer  at  the  middle  of  the  fifth
week  (PI.  IV.  fig.  16).  During  the  latter  part  of  the  fifth  week
the  protoptiles  begin  to  break  off,  a,nd  with  the  exception  of  the
ninth  from  the  middle  line  at  each  side,  they  are  usually  all  shed
by  the  middle  of  the  sixth  week.
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The  calamus  of  the  protoptiles  is  strong  and  rigid  and  firmly
fixed  to  the  expanded  tip  of  the  tail-quill  rhachis.  By  way  of
strengthening  the  connection  between  the  protoptile  and  the  tail  -
quill,  four  or  more  pairs  of  the  terminal  barbs  of  the  tail-quill
are  attached  to  the  protoptile  calamus  (text-fig.  6).  At  the  end
of  the  second  week  the  "  nestling  "  tail  and  the  other  structures
concerned  are  sufficiently  developed  to  admit  of  young  Mallards

Text-figure  7.

The proximal portion of the calamus of a tail-quill  protoptile containing " cones.""
As  the  calamus  approaches  the  tip  of  the  tail-quill  it  splits  into  an  outer
portion continuous with the expanded rhachis of the quill and a more slender
inner  portion  continuous  with  a  vestigial  tail-quill  aftersliaft.  c,  protoptile
calamus  with  "cones."  sh.,  tail-quill  shaft,  af.,  vestige  of  tail-quill  after-
shaft.

obtaining  the  greater  part  of  their  food  by  diving*.  Notwith-
standing  the  loss  of  the  protoptiles  during  the  sixth  week,  young
Mallards  usually  continue  to  behave  like  diving  ducks  up  to  the
end  of  the  eighth  week.  From  what  has  been  said  it  is  evident
that  the  "  nestling  tail  "  of  the  Mallard  duckling  is  not  from  first
to  last  entirely  composed  of  nestling  feathers.  It  is  a  true
nestling  tail  up  to  the  middle  of  the  second  week,  but  from  the

* Two of  nine Mallard ducklings I  had under observation began to dive on the-
thirteenth day : they were all diving on the fourteenth day.
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beginning  of  the  third  to  the  end  of  the  fifth  week  the  true  tail-
quills  take  an  ever  increasing  part  in  forming  the  "  nestling  tail."'
Hence  nestling  feathers  only  function  during  three  of  the  six
weeks  that  Mallard  ducklings  feed  and  disport  themselves  like
diving  ducks.  When  the  protoptiles  are  shed,  the  tail-quills,
owing  to  the  rhachis  being  sihort  and  incomplete,  look  unfinished^
Perhaps  for  this  reason  the  first  set  of  tail-quills  is  ere  long
superseded  by  larger  and  moi'e  perfect  quills  in  which  the  rhachis,
as  in  adult  ducks,  ends  in  a  fine  point.  Usually  the  first  set  of
tail-quills  begins  to  drop  out  during  the  fourteenth  week,  and  a
new  tail  consisting  of  feathers  of  the  adult  type  is  eventimlly
developed.

The  Structure  of  the  Tail  Protoptiles.  —  The  calamus  of  the  tail-
quill,  like  that  of  the  wing-quill,  protoptile,  continues  to  grow
after  hatching.  In  the  case  of  the  protoptiles  at  each  side  of  the
middle  line  the  calamus  only  reaches  a  length  of  4  or  5  mm.  and
may  have  only  three  or  four  "  cones''  ;  biit  the  calamus  of  the
outer  tail  protoptiles  may  eventually  measure  15  mm.  and  contain^
over  twenty  "  cones."  I  expected  the  entire  protoptile  calamus:
to  be  directly  continuous  with  the  expanded  tip  of  the  tail-quill
rhachis,  but  I  found  that,  as  text-fig.  7  shows,  the  calamus  splits,
into  an  outer  segment  continuous  with  the  tail-quill  rhachis  and
an  inner  segment  continuous  with  the  rhachis  of  a  vestigial
aftershaft,  the  presence  of  this  unexpected  vestige  of  an  after-
shaft  indicates  that  even  the  highly  specialized  tail  quills-
originally  consisted  of  two  shafts,  and  hence  were  constructed  on
the  same  plan  as  the  double  feathers  of  the  Emu.

The  shaft  of  the  tail-quill  protoptiles  of  a  Mallard  duckling
as  a  rule  consists  of  fourteen  or  more  pairs  of  barbs,  each  pro-
vided  with  barbules.  As  already  mentioned,  the  majority  of  the
barbs  of  the  wing-quill  protoptiles  are  long  and  pointed  and  have
only  a  limited  number  of  slender  barbules  (PI.  II,  fig.  8),  but  some
of  the  barbs  of  the  tail-quill  protoptiles  are  ribbon-shaped
(text-fig.  9),  and  they  all  have  barbules  along  their  whole  length,.
The  majority  of  the  barbules  have  simple  cilia  along  both
margins;  but  the  six  or  seven  pairs  of  libbon-shaped  baibules  at
the  tip  of  the  protoptile  have  large  curved  cilia  along  one  margin,
which  differ  but  little  from  the  booklets  on  the  barbules  forming
the  tip  of  the  true  tail-quills.  The  difference  between  the
specialized  bai"bules  with  hook-like  cilia  at  the  tip  of  the  pro-
toptile  and  the  slender  proximal  barbules  with  small  cilia  will  be-
evident  if  text-fig.  8  is  compared  with  text-fig,  9.  When  the
broad  barbules  with  hook-like  cilia  on  one  edge  cross  each  other
the  approximation  to  a  true  teleoptile  is  especially  marked..
What  Mallard  ducklings  gain  by  having  the  tips  of  the  tail-quill
protoptiles  highly  specialized  is  not  very  obvious.  The  after-
shaft  of  the  Mallard's  tail  quill  consists  of  eight  long  barbs
(Plate  III.  fig.  11)  bearing  slender  almost  straight  barbules,  each
with  two  rows  of  small  cilia.

It  may  be  mentioned  that  in  the  case  of  the  goslings  of  Chinese-
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and  Emdeii  geese  the  tail-quill  pfotoptiles  —  though  possessing  a
long,  sbrong  calamus  firmly  connected  with  the  rhachis  of  the  tail-
quill,  a  well-developed  shaft,  and  an  aftershaft  made  up  of  twelve
T3arbs  —  are  not  pi'ovided  with  broad  distal  barbules  armed  with
hook-like  cilia.  In  goslings,  as  in  ducklings,  the  inner  segment
of  the  calamus  of  the  tail-quill  protoptile  is  continvious  with  the
rhachis  of  a  vestigial  tail-quill  aftershaft.

Text-fio-ure  8.

Two of the proximal bavbules of a tail-qail] protoptile; they are narrow
and  armed  with  small  cilia.  X  64.

Text-figure  9.  -

'Three of  the hroad distal  tail-quill  barbules armed along one edge with tooth-like
cilia  (Jiamuli)  of  true  feathers.  X  64.  The  difference  between  the  simple
proximal and the specialized distal barbules is also indicated in text-fig. 6.

{i)  The  Tail-Quill  MesojJtiles.

In  sixteen  of  the  tail-quill  protoptiles  of  the  Mallard  the
mesoptiles  are  completely  suppressed,  but  in  the  remaining  two  —
the  ninth  from  the  middle  line  at  each  side  —  the  mesoptile  is
represented  by  a  simple  tube  from  10  to  12  mm.  in  length  ex-
tending  between  the  protoptile  calamus  and  the  tip  of  the  tail-
quill.  This  tube,  though  complete  to  stai-t  with,  sooner  or
later  splits  into  two  or  more  bands,  the  outer  of  which  is  con-
tinuous  with  the  rhachis  of  the  tail-quill,  while  the  inner  ends  in
the  rhachis  of  a  vestigial  tail-quill  aftershaft.  As  these  bands
have  no  barbules  they  evidently  do  not  represent  barbs.  Though
there  are  only  vestiges  of  two  tail-quill  mesojDtiles  in  the  Mallard,
there  are  sometimes  vestiges  of  all  the  mesoptiles  in  cross-bred
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domestic  ducks.  In  cross-bred,  as  in  Mallard  ducklings,  the
feathers  at  each  side  of  the  true  tail-quills  approach  in  structure
the  wing-quill  mesoptiles.  In  Eider  ducklings  the  wing-quill,  as
well  as  the  tail-quill,  mesoptiles  are  either  absent  or  represented
by  miniite  vestiges,  hence  the  Eider  supports  the  view  that  in
the  Anseres  the  mesoptiles  no  longer  count  in  the  struggle  for
existence.

(5)  The  Prepennce  of  the  Trunk.

About  the  prepennfe  which  precede  the  feathers  of  the  head,
neck,  trunk,  and  hind  limbs,  very  little  need  be  said.  In  many
cases  the  protoptiles  closely  resemble,  and  may  be  as  large  as,
the  wing-quill  protoptiles,  but  they  are  sometimes  so  small  and
poorly  developed  that  it  is  difficult  to  distinguish  them  from  pre-
plumulaj.  The  protoptile  from  the  dorsal  track  of  a  thirty-eight
days'  Mallard  duckling  represented  in  PI.  I.  fig.  1  is  only  half  the
size  of  the  wing-quill  protoptile  in  PI.  II.  fig.  8  ;  but  some  of  the
protoptiles  of  the  wing-coverts  are  smaller  than  the  majority  of
the  preplumulae.  Usually  the  protoptiles  of  the  trunk  are  shed
about  the  same  time  as  the  wing-quill  protoptiles,  but  in  a  small
chequered  area  at  each  side  of  the  body  near  the  tail  well-
developed  protoptiles  are  still  present  at  the  end  of  the  eleventh'
week.  Though  mesoptiles  precede  some  of  the  trunk  pennse,
they  are  never  as  well  developed  as  the  wiug-quill  mesoptiles.

The  examination  of  the  mesoptiles  of  ducks  and  penguins  lends
support  to  the  view  that  the  mesoptile  coat  was  specially  acquired
to  meet  a  marked  change  of  climate  —  a  change  perhaps  from  cold
dry  to  cold  damp  conditions  —  and  that  in  most  cases  as  the
climate  improved  the  fur-like  second  coat  was  more  or  less  com-
pletely  suppressed,  and  a  new  coat,  made  up  of  feathers  con-
structed  on  the  piotoptile  rather  than  the  mesoptile  plan,  was
subsequently  evolved.  It  is  conceivable  that  some  of  our  modern
birds,  e.^r.jtheEmu  and  Cassowary,  are  descended  from  ancestors
which  never  acquired  a  mesoptile  plumage.

2.  The  Prephcmuke  and  Plunudce.

(1)  The  Prephcviulce.

In  many  birds  the  nestling  coat  sooner  or  later  consists  of  pre-
plumulfe  as  well  as  prepennpe.  In  the  Gannet  the  preplumula;
appear  before  the  prepennee,  and  grow  so  rapidly  that  even  when
the  prepennse  are  well  developed  they  are  difficult  to  fii:id  ;  but
in  the  Mallard  in  most  regions  the  preplumulae  are  hidden  by  a
relatively  dense  coat  of  protoptiles.  Though  the  pre2:)lumuke
papillae  in  the  Mallard  fippear  three  or  four  days  later  than  the
protoptile  papillte,  the  majority  of  the  prepiumulge  are  ready  to
escape  from  their  filanienls  ns  soon  as  the  duckliug  is  hatched.

The  relative  size  of  the  protoptile  and  preplumuhe  filaments  of
the  Mallard  is  indicated  in  PI.  III.  fig.  9  and  in  text-fig.  10.  The
difference  in  size  of  the  protoptiles,  preplumulae,  and  prefiloplumse
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is  made  evident  by  PI.  Y.  fig.  17,  which  shows  a  protoptile,  three
plumulse,  each  with  a  preplumula  on  its  tip,  and,  on  the  left
of  the  protoptile,  a  prefilopluma  on  the  tip  of  a  developing
filoplume.

The  preplumnla  consists  of  a  short  conical  calamus,'  a  shaft
often  consisting  of  a  short  rhachis  and  four  barbs,  and  an  after-
shaft  also  as  a  rule  consisting  of  four  barbs.  It  is  sometimes
difficult  to  distinguish  the  small  protoptiles  which  precede  small
true  feathers  from  preplumulse,  but  when  in  ducklings  the

Text-figure  10.

Filaments from a Mallard embr^-o.
P,  proximal  part  of  a  protoptile  filament.  P.l,  a  preplumula  filament.

P.  2,  a  prefiloplume filament.  S.,  skin.

barbules  are  characterized  by  nodular  swellings  and  very  fcAv
cilia  it  may  be  safely  assumed  that  the  nestling  feather  under
examination  is  a  preplumula.

(2)  The  Plumulce.

At  the  beginning  of  the  Jurassic  Age  the  coat  of  birds  may
have  consisted  only  of  protoptiles  and  preplumulae  ;  but  in
many  recent  birds  the  plumula?  form  a  very  important  part  of
the  nestling  plumage.  From  PI.  Y.  fig.  17  it  may  be  inferred
that  during  the  fifth  week  the  plumulaj  form  an  inner  coat  as
effective  in  preventing  a  loss  of  heat  as  the  woolly  under  coat  of
wild  sheep.
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Like  plumose  or  metaptile  feathers,  the  plumnlce  vaiy  in  size,
colour,  aud  structure,  but  they,  as  a  rule,  consist  of  a  calamus,
a  shaft,  and  an  aftershaft.  The  calanjus,  especially  well  developed
in  tlie  Eider  Duck,  is  barrel-shaped  and  contains  relatively  large
cones.  As  it  leaves  the  skin  it  divides  into  two  portions,  an
outer  which  forms  the  short  rhachis  of  the  shaft,  and  an  inner
which  forms  the  still  shorter  rhachis  of  theaftershaft(Pl.  V.fig.  18).
The  shaft  consists  of  a  dozen  or  more  pairs  of  very  long  slender
barbs  from  which  spring  numerous  slender  barbules,  the  proximal
portions  of  which  are  charactei'ized  by  pyramidal  swellings,
while  the  distal  portions  like  the  preplnmulse  have  nodular
swellings.  The  aftershaft  (PI.  V.  fig.  18)  is  always  well  developed,
and  like  the  shaft  is  largely  made  up  of  long  bai'bules  having  the
characteristic  pyramidal  swellings.  When  a  pknnula  is  shed  the
tip  of  the  sheath  of  the  growing  new  plumula  is  often  found
attached  to  the  calamus.  Evidence  of  this  we  have  in  PI.  Y.
fig.  19.

(3)  Prefiloplitmce  and  Filoplumce.

Nitzscli,  in  his  account  of  filoplumae,  says  they  are  strikingly
distinguished  from  the  other  three  kinds  of  feathers  (contour,
down,  arid  semiplume  feathers)  by  their  peculiar  position,  their
extraordinary  slenderness,  and  by  the  entire  deficiency  or  very
small  size  of  their  vane  ;  but  he  states  subsequently  that  he
believes  the  narrow  white  down}''  feathers  of  the  Cormorant  must
be  regarded  as  filoplumes,  even  though  they  are  furnished  with
perfect  vanes.  Nitzsch  further  mentions  that  filoiDlumes  are
"  associated  with  the  contour  feathers,  one  or  even  two  filoplumes
standing  quite  close  to  every  contour  feather  of  the  head,  neck,
and  trunk,  apparently  issuing  almost  out  of  the  same  pouch  of
the  skin."  Filoplumes  a.re  usually  regarded  as  degenerate
feathers  because  during  development  they  have  barbs  arranged
after  the  fashion  of  a  down  (plumula)  feather.

In  the  Mallard  daring  development  there  are  usually  two  or
more  minute  filaments  at  each  side  of  the  filaments  containing
the  wing-quill  protoptiles.  These  minute  filaments  contain
prefiloplumse.  In  text-fig.  10  the  two  short  filaments  (P.  2)
lying  in  contact  with  the  large  protoptile  filament  are  prefilo-
plume  filaments.

In  the  newly-hatched  duckling  the  minute  prefilopluma)  and
the  large  wing-quill  protoptiles  escape  simultaneously  from  their
sheaths  —  being  barely  visible  to  the  naked  eye,  the  prefiloplumaj
have  apparently  hitherto  escaped  the  notice  of  oi'uithologists.
In  course  of  time,  as  the  protoptiles  are  pushed  from  the  skin  by
mesoptiles,  the  prefiloplumfe  are  pushed  from  the  skin  by
filoplumse.  The  wing-quill  protoptile  of  a  thii-ty-eight  days'
duckling  represented  in  PI.  II.  fig.  8  is  attached  to  a  developing
mesoptile.  At  the  base  of  the  mesoptile  are  three  young  filo-
plumes,  two  of  which  support  prefiloplumes  —  a  young  filoplume
with  a  prefiloplume  attached  to  its  tip  is  also  seen  in  PI.  Y.  tig.  17.

42*
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Notwithstanding  their  small  size,  the  prefiloplumee  have  the
structure  of  prepennae.  They  are  hence  not  dwarfed  pre-
plumuljB,  as  their  name  suggests,  but  dwarfed  protoptiles.  It  is
important  to  note  that,  though  several  developing  filoplumae  may
be  intimately  related  to  a  protoptile,  they  are  not  imbedded  in
its  sheath  ;  each  projects  from  a  separate  pit  in  the  skin.  At
the  end  of  the  seventh  week,  when  the  filoplumes  have  reached  a
len<i-th  of  about  20  mm.,  they  are  still  found  in  contact  Avith  the
developing  true  feather.  A  filoplume  from  a  forty-eight  days'
duckling,  still  carrying  the  minute  prefiloplume  on  its  tip,  is
represented  in  PI.  V.  fig.  20.  At  this  stage  the  filoplume  still  con-
sists  of  a  calamus,  a  shaft  and  an  aftershaft  ;  but  as  the  duckling
increases  in  size  the  filoplumae  in  connection  with  the  wing-quills
degenerate.  Each  loses  its  prefiloplume,  its  aftershaft,  and  most
of  the  barbs  of  its  shaft,  with  the  result  that,  as  a  rule,  only  the
rhachis  of  the  shaft  and  two  or  three  vestigial  terminal  barbs  are
left.  .  ■

That  the  filoplumes  are  degenerate  pennte  is  supported  by  a
study  of  the  foot-feathers  of  the  Barn  Owl  {StrLv  flammea)  .  In
a  newly-hatched  Barn  Owl  one  large  and  two  small  filaments  are
seen  projecting  from  under  the  foot-scales.  Soon  a  well  de-
veloped  protoptile  escapes  from  the  large  mesial  filament  and
a  minute  protoptile  from  each  of  the  two  small  filaments.  In
course  of  time  a  simple  plumose  feather  (metaptile),  with  a  large
aftershaft,  but  with  a  rhachis  which  suggests  a  filoplume,  succeeds
the  laro'e  protoptile,  and  typical  hair-like  filoplumes  succeed  the
small  protoptiles.

If  further  proof  were  needed  in  support  of  the  view  that
filoplumes  are  degenerate  pennee,  it  is  obtained  by  the  examina-
tion  of  the  white  neck  feathers  which  form  part  of  the  nuptial
plumage  of  Cormorants,  i.  e.,  the  feathers  ISTitzsch  assumed  were
tiloplumes.  Instead  of  regarding  the  narrow  neck  feathers  of
Cormorants  as  filoplumes,  it  would  be  better  to  regard  them  as
true  feathers  (metaptiles)  which  have  undergone  degeneration.

It  may  be  added  that,  notwithstanding  the  small  size  of  the
prefiloplumfe,  a  microscopic  examination  clearly  proves  that  they
are  more  intimately  related  to  protoptiles  than  to  preplumulee.
Seeing  that  the  filoplumes  are  degenerate  pennse,  it  might  be
better  if  the  name  filopenna  were  substituted  for  filopluma.

II.  The  Composition  of  Feathers.

The  feathers  forming  the  coat  of  the  adult  Emu  consist  of  a
calamus  and  two  blades,  an  outer,  the  shaft,  and  an  inner,
o-enerally  known  as  the  aftershaft;  the  wing-  and  tail-quills  of
ducks  consist  of  a  calamus  and  a  well-developed  shaft,  but  there
is  only  a  minute  vestige  of  an  aftershaft.  Hitherto  it  has  been
taken  for  "•ranted  that  a  feather  with  only  a  vestige  of  an  after-
shaft  is  more  primitive  than  a  feather  with  an  aftershaft  as  long
and  as  complex  as  the  shaft,  that,  in  fact,  the  aftershaft  is  not  a
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primitiv'e  but  a  secondarily  acquired  feature.  The  chief  reasons
given  for  regarding  the  af  tei^shaft  as  an  accessory  and  secondarily
acquired  structure  are:  (1)  that  the  aftershaft  is  developed  from
a  forwai'd  elongation  of  the  calamus,  and  (2)  that  the  tip  of  the
aftershaft  of  the  new  feather  is  never  attached  to  the  calamus  of
the  feather  about  to  be  shed  —  that,  for  example,  in  the  Emu  the
tip  of  the  aftershaft  of  the  feather  of  the  second  generation  is
from  first  to  last  free.

If  I  succeed  in  showing  that  the  aftershaft,  like  the  shaft,
grows  from  apex  to  base  and  is  completed  before  the  calamus  is
formed  and  that,  during  development,  the  tip  of  the  aftershaft
is  connected  with  the  calamus  of  the  feather  about  to  be  shed  —
is,  in  other  words,  for  a  time  attached  to  the  old  feather  —  it
may  be  safely  assuxaed  that  the  aftershaft  is  a  primitive  feature,
and  that  a  complete  true  feather  (penna)  like  a  down  feather
(plumula)  consists  of  two  shafts  or  blades.

Owen  evidently  assumed  that  a  true  feather  was  made  up  of  a
calamus  and  a  single  shaft,  for  he  states  that  "  besides  the  parts
which  constitute  the  perfect  feather  there  is  an  appendage
attached  to  the  upper  umbilicus  called  the  accessory  plume  "  (4).
According  to  Nitzsch,  the  aftershaft  "  originates  from  the  under-
side  of  the  umbiliciform  pit"  (5).  Gadow,  in  discussing  the
aftershaft,  states  that  when  present  it  is  developed  as  "a  ventral
elongation  of  the  calamus,"  and  points  out  that  if  we  consider  the
various  types  of  nestling  feathers  "  with  reference  to  the  presence
or  absence  of  an  aftershaft  in  the  Teleoptiles,  we  ai-e  led  to
conclude  that  this  appendage  and  consequently  also  the  double
feathers  of  certain  Ratitfe  are  secondarily  acquired  not  primitive
features  "  (6).

That  the  aftershaft  is  a  primaiy  feature  was  suggested  in  1903
by  Degen  in  a  paper  on  Ecdysis.  In  the  chapter  on  "  Adven-
titious  Plumage,"  Degen  writes:  "  I  may  mention  here  that
owing  to  the  yet  more  primitive  conditions  of  the  feathers  of  the
trunk  in  some  Ratitae,  the  extreme  tips  of  the  aftershafts,  which
in  the  Cassowary  and  the  Emu  attain  a  length  equal  to  that  of
their  main  shafts,  jointly  support  the  new-grototh  feather  with
the  latter  "  (7).  But  Degen,  following  Gadow,  seems  to  adopt
the  view  that  the  calamus  is  concerned  with  the  formation  of  the
aftershaft,  for  he  assumes  that  while  the  one  half  of  the  calamus
"  deposits  substantia  rhachidis  externa  for  the  main  shaft,  the
other  half  deposits"  the  same  substance  required  in  the  building
up  of  the  other  shaft  !  Obviously  the  best  way  to  throw  light  on
the  status  of  the  aftershaft  is  to  study  its  development.

1.  The  Development  of  the  Aftershaft  of  Plumuloi.  —  In  the
Mallard  a  pre  plumula  consists  of  a  small  conical  calamus,  a  shaft
usually  made  up  of  four  barbs,  two  of  which  coalesce  to  form  a
short  rhachis,  and  of  an  aftershaft  also  made  up  of  four  barbs.
Soon  after  hatching  the  preplumulse  are  pushed  from  the  skin  by
plumulas.  Some  of  the  plumulse  at  the  end  of  the  fifth  week,
though  still  bearing  preplumulse  on  their  tips,  are  15  mm.  in
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lengtli  and  consist  of  two  distinct  bundles  of  barbs  —  a  large  outer
bundle  in  a  line  with  the  shaft  of  the  preplumula  and  a  smaller
bundle  in  a  line  with  the  afterslmft.

In  the  plumula  from  a  five  weeks'  duckling  represented  in
PI.  YI.  fig.  21,  the  outer  bundle  already  consists  of  a  rhachis  and
eight  pairs  of  barbs,  but  the  inner  or  aftershaft  bundle  only
consists  of  five  pairs  of  barbs.  By  the  end  of  the  sixth  week  the
development  of  both  the  shaft  and  aftershaft  is  complete,  and
the  unsplit  portion  of  the  epidei'mic  tube  is  giving  rise  to  a
calamus.  In  the  completed  plumula  (PI.  Y.  fig.  18)  the  shaft
consists  of  a  rhachis  and  over  twenty  pairs  of  bai'bs  ;  and  the
aftershaft  of  a  rhachis  with  about  a  dozen  pairs  of  barbs.

From  PI.  VI.  fig.  21  it  is  evident  that  the  aftershaft  of  a
plumula  in  its  development  and  structure  agrees  with  the  shaft  ;
as  it  is  developed  before  the  calamus  it  cannot  be  regarded
as  a  secondarily  acquired  appendage  produced  from  a  forward
elongation  of  the  calamus.

2.  27ie  Develojmient  of  the  Aftershaft  of  Emu  Feathers.  —  It
has  hitherto  been  often  assumed  that  in  the  Emvi  the  proto-
ptile  has  "  no  distinct  aftershaft."  That  there  is  an  aftershaft  in
the  first,  as  well  as  in  the  second  and  third  Emu  feathers,  is  indi-
cated  by  the  diagram,  text-fig.  11.  In  the  young  Emus  I  have
examined  the  protoptile  aftershaft  has,  with  rare  exceptions,
consisted  of  seven  or  more  barbs  longer  than,  or  at  least  as  long
as,  the  barbs  of  the  shaft.  In  the  Emu  protoptile  given  in
PL  YI.  fig.  22,  the  aftershaft  has  a  short  rhachis.  It  is  especially
noteworthy  that  in  the  Emu  the  rhachis  of  the  protoptile  shaft,
instead  of  ending  in  a  hollow  calamus  containing  "cones,"  is
connected  with  the  relatively  thick  rhachis  of  the  shaft  of  the
feather  of  the  second  generation  by  a  solid  band  (PI.  YI.  fig.  23).

In  a  like  manner  the  rhachis  of  the  protoptile  aftershaft  is
connected  with  the  aftershaft  rhachis  of  the  second  feather.
When,  as  sometimes  happens,  the  connecting  bands  occupying
the  position  of  a  calamus  separate  from  each  other  (PI.  YI.  fig.  23),
it  becomes  obvious  that  the  tip  of  the  aftershaft  of  the  second
feather  is  not  free  as  generally  assumed,  but  from  the  outset
continuous  with  the  protoptile  aftershaft.

Though  as  in  plumulse  the  rhachis  of  the  aftershaft  is  formed
by  the  fusion  of  two  barbs,  the  distal  poi^tion  of  the  rhachis  of  the
shaft  is  simply  a  continuation  of  the  band  proceeding  backwards
from  the  protoptile  shaft.  That  the  aftershaft  of  the  feathers  of
the  second  generation  is  not  "  developed  as  a  ventral  elongation
of  the  calamus,"  but  develops  from  apex  to  base  like  the  shaft,
is  made  clear  by  Pis.  YI.  and  YII.  figs.  23,  24,  &  25,  which  show
the  second  feather  at  various  stages  of  growth.

As  the  destined  length  of  the  second-generation  feather  is
reached  the  rhachis  of  the  shaft  expands,  gives  off  six  or  more
pairs  of  relatively  long  barbs,  and  thereafter  becomes  continuous
with  the  rhachis  of  the  shaft  of  the  feather  of  the  third  generation
<'P1.  YII.  fig.  26).  In  a  like  manner  the  proximal  end  of  the



NESTLING  I^EATHfiRS  01?  THE  MALLARD. 629

rhacliis  of  the  aftershaft,  after  giving  oft'  several  pairs  of  barbs
but  without  appreciably  increasing  in  width,  becomes  continuous
with  the  rhachis  of  the  aftei'shaft  of  the  feather  of  the  third
generation  (PI.  YII.  fig.  26).  When  (as  was  the  case  in  the
specimen  represented  in  PI.  VII.  fig.  27)  the  two  connecting  bands
naturally  separate  from  each  other,  it  is  impossible  to  escape

Text-fiafure  1  1.

In tliis  diagram the structure and relations of the feathers forming the first  three
generations in the Emu are indicated, sh. 1, shaft, and af. 1, aftershaft of pro-
toptile. s7i. 2, shaft, and af. 2, aftershaft of a feather of the second generation.
sh.  3,  shaft,  and  af.  3,  aftershaft  of  a  feather  of  the  third  generation.  The
aftershaft of the protoptile is from the outset free, but the tip of the aftershaft
of  the feather of  the second generation is,  to start  with,  continuous with the
protoptile aftershaft, and the aftershaft of the feather of the third generation is
also for a time continuous with the aftershaft of the second generation feather —
according to Gadow the tip of the aftershaft of the second generation feather is
a forward prolongation from the calamus which is never during development
connected by its tip with the " calamus " of the protoptile or first generation
feather.

from  the  conclusion  that,  just  as  the  aftershaft  of  the  second
feather  of  the  Emu  is  connected  at  the  outset  with  the  proto-
ptile,  the  aftershaft  of  the  feather  of  the  third  generation  is
connected  with  the  feather  of  the  second  generation.

The  feathers  represented  in  PI.  YII.  figs.  26  &,  27  (from  a  seven



630  ^  PROF.  J.  COSSAE  EWART  ON  THli

months'  Emu  bred  in  the  Gardens  of  the  Zoological  Society  of
London)  pi-ov^e  conclusively  that  in  the  Emu  the  aftershaft  in
origin  and  structure  agrees  with  the  shaft,  while  the  feathers
represented  in  PI.  VII.  figs.  24  &  25  (from  a  much  younger  Emu
in  the  Museum  of  the  Philosophical  and  Literary  Institute,  Leeds)
as  clearly  indicate  that  as  the  aftershaft  is  developed  before  the
calamus  it  cannot  be  an  outgrowth  from  the  calamus.  The  first
three  generations  of  the  feathers  of  an  Emu  are  diagram  matically
represented  in  text-fig.  IL

Before  dealing  with  the  aftershaft  in  the  Carinatse,  attention
may  be  directed  to  the  remai'kable  Emu  feather  of  the  second
generation  represented  in  PI.  VIII.  fig.  28.  In  this  growing  feather
the  aftershaft,  instead  of  resembling  the  shaft,  simply  consists  of
two  barbs  bearing  barbules.  An  Emu  feather  with  an  aftershaft
represented  by  two  simple  barbs  is  interesting,  because  in  ti'ue
feathers  near  the  oil-gland  of  ducks  two  long  barbs  sometimes
occupy  the  position  of  an  aftershaft.  That  the  two  long  barbs  in
this  Emu  feather  represent  a  phase  in  the  degeneration  of  the
aftershaft  is  suggested  by  PI.  YIII.  fig.  29,  a  developing  true
feather  with  the  protoptile  intact  from  the  rump  of  an  eighteen
days'  Mallard  duckling.  Connected  with  the  protojDtile  calamus
are  two  bundles  of  barbs  —  a  large  bundle  with  a  distinct  rhachis
which  is  obviously  a  developing  shaft  and  a  smaller  bundle  repre-
senting  an  aftershaft.  The  smaller  or  aftershaft  bundle  is  con-
nected  to  the  inner  aspect  of  the  protoptile  calamus,  as  in  the
Emu  feather,  by  two  long  barbs.  In  course  of  time  the  large
bundle  in  PI.  YIII.  fig.  29  would  have  developed  into  a  shaft  like
the  one  represented  in  PI.  I.  fig.  1,  and  the  small  bundle  into
an  aftershaft  with  a  short  rhachis.  Possibly  long  barbs  which
represent  an  aftei'shaft  will  be  met  with  in  the  feathei-s  of  other
Ratitas.

The  two  long  barbs  in  the  Emu  feather  in  PI.  VIII.  fig.  28
support  the  view  that  the  coat  of  the  adult  Emu  consists  of  true
feathers  and  not,  as  Py  craft  suggested,  of  mesoptiles.

3.  The  Development  of  the  Aftershaft  of  the  True  Feathers  of
Fengmns.  —  In  the  Ringed  Penguin  the  protoptiles  though  um-
belhform  may  be  said  to  consist  of  two  sets  of  barbs  —  an  outer
representing  a  shaft  and  an  inner  occupying  the  position  of  an
aftershaft.  Though  in  ducks  and  geese  there  is  a  well-developed
protoptile  calamus  containing  "  cones,"  in  penguins  as  in  the
Emu  a  true  pi'otoptile  calamus  is  never  developed.  Soon  after
the  protoptile  escapes  from  its  sheath  the  part  of  the  epidermic
tube  ]-epresenting  a  calamus  splits  into  slender  cords,  which
connect  the  barbs  of  the  protoptile  with  barbs  of  the  developing
mesoptile.  The  mesoptile  consists  of  a  shaft  made  up  of  seven  or
more  simple  barbs  which  end  in  the  tip  of  the  true  feather,  and
of  a  complex  aftershaft  connected  with  the  aftershaft  of  the  true
feather.  In  text-figs.  3  &  4  the  mesoptile  aftershaft  is  con-
nected  to  the  aftershaft  of  the  true  feather  by  a  narrow  band
formed  by  the  fusion  of  the  distal  portions  of  the  barbs  of  the
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aftershaft  of  the  true  feather.  Pycraft  considered  the  "ribbon-
shaped  stem"  connecting  the  mesoptile  to  the  aftershaft  of  the
true  feathers  as  somewhat  remarkable,  because  "  in  all  other
instances  yet  known  the  nestling-down  when  attached  to  contour
feathers  is  attached  to  the  rami  (barbs)  of  the  main  shaft  "  (9).
When  it  is  realised  that  in  Penguins  the  mesoptile  may  have  a
well-developed  aftershaft  the  connection  of  the  mesoptile  with
the  aftershaft  of  the  true  feathers  ceases  te  be  remarkable.
Though  in  the  Ringed  Penguin  the  mesoptile  aftershaft  is  de-'
cidedly  larger  and  more  complex  than  the  shaft,  it  is  developed  at
the  same  time  as  the  shaft,  and  is  directly  continuous  with  the
aftershaft  of  the  true  feathers.  That  in  Penguins  the  aftershaft
of  the  true  feathers  has  the  same  origin  as  the  shaft  is  made
abundantly  evident  when  the  development  of  the  feathers  of  the
fourth  generation  is  studied.  In  PI.  VIII.  figs.  30  &  31  we  have
feathers  from  a  moulting  King  Penguin  in  the  Scottish  Zoological
Park.  From  fig.  30  it  is  evident  the  new  feather  has  from  the
first  been  double,  consisted  of  outer  barbs  representing  a  shaft  and
of  inner  barbs  in  the  position  of  an  aftershaft.  Had  the  develop-
ment  proceeded  the  tip  of  the  aftershaft  would  have  been  set
free  when  the  old  feather  was  shed.  In  fig.  31,  the  shaft  having
been  removed,  the  aftershaft  is  seen  emerging  from  the  tip  of  the
sheath  which  invested  the  growing  feather.  These  figures  show
that  in  Penguins  the  aftershaft  of  a  feather  of  the  fourth  genera-
tion  is  for  a  time  as  complete  as  in  the  Emu.  The  aftershaft  of  _
the  mesoptile  and  of  the  first  true  feather  of  a  Ringed  Penguin
are  diagrammatically  represented  in  text-figs.  3  &  4.

4.  The  Development  of  the  Aftershaft  in  the  Ptarmigan,  the
Comnnon  Fowl,  and  the  Guillemot.  —  As  already  mentioned,  it
has  been  suggested  that  in  Grouse,  Fowls,  and  other  Galli  the
feathers  forming  the  first  nestling  coat  may  correspond  to  the
mesoptiles  forming  the  second  nestling  coat  of  Penguins.
Against  this  view  it  may  be  pointed  out  (1)  that  unlike  the
mesoptiles,  but  like  the  protoptiles  of  Penguins  and  Ducks,  the
first  nestling  feathers  of  the  Galli  are  developed  in  filaments;  (2)
that  in  structure  they  are  intermediate  between  the  pi'otoptiles  of
Penguins  and  Ducks  ;  and  (3)  that  they  are  sometimes  succeeded
by  vestiges  of  mesoptiles.  Degen  mentions  that  in  Grouse  the
aftershaft  may  be  two-thii'ds  the  length  of  the  shaft  but,  as
PL  IX.  fig,  32  shows,  the  aftershaft  in  Grouse  may  be  as  long  and
as  complex  as  the  shaft  —  the  only  difierence  in  the  feather
figured  apart  from  its  width  is  that,  as  in  the  Emu,  the
rhachis  of  the  aftershaft  is  slightly  shorter  than  the  rhachis
of  the  shaft.  In  the  Ptarmigan  the  protoptile  often  con-
sists  of  fifteen  barbs,  eight  representing  a  shaft  with  a  short
rhachis,  and  seven  forming  an  aftershaft  also  with  a  short
rhachis.  From  the  protoptile  calamus  there  proceed  about
twenty  barbs,  which  in  some  cases  readily  separate  into  three
distinct  bundles^  —  a  large  one  destined  to  form  the  tip  of  the  shaft,
and  two  small  ones  which  later  unite  to  form  the  tip  of  the
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aftershaft.  In  some  metaptiles  the  rhachis  of  the  shaft  extends
to  the  tip  of  the  feather,  in  others  it  ends  in  two  slender  barbs
some  distance  from  the  tip.  Though  at  the  outset  in  Grouse
both  the  shaft  and  the  aftershaft  of  the  true  feather  may  consist
of  several  moi-e  or  less  distinct  bundles,  sooner  or  later  the  outer
barbs  give  rise  to  the  shaft,  while  the  inner  form  an  aftershaft.
When  the  destined  number  of  barbs  for  the  shaft  and  aftershaft
have  been  produced  the  splitting  of  the  epidermic  tube  is
arrested,  and  steps  are  taken  to  form  a  calamus  in  which
"cones"  make  their  appearance.  Evidently  in  Grouse,  as  in
Penguins,  the  aftershaft  is  not  a  forward  elongation  of  the
calamus.  An  interesting  stage  in  the  development  of  a
Ptarmigan  true  feather  is  given  in  PI.  IX.  fig.  33.

It  has  been  asserted  once  and  again  that  "  in  the  great
feathers  which  form  the  '  quill  '  or  '  flight  '  feathers  (remiges)
of  the  wing  and  the  tail-quills  (rectrices)  the  aftershaft  is  in-
variably  wanting"  *.  Assuming  that  in  the  case  of  the  wing-
quills  the  aftershaft  is  invariably  absent,  it  might  be  argued,  that
these  all-important  feathers  diifered  in  their  origin  and  history
from  the  other  true  feathers,  that  while  the  trunk  feathers  may
possibly  have  developed  from  a.n  epidermic  tube,  the  wing-  and
tail-quills  were  formed  by  the  splitting  of  elongated  scales.
Attention  has  already  been  directed  to  the  fact  that  in  the  Mallard
during  the  earlier  stages  in  the  development  of  the  wing-  and  tail-
quills,  there  is  a  vestige  of  the  distal  portion  of  an  aftershaft  (text-
tigs.  5  &  7).  That  in  wing-  and'  tail-quills  there  may  also  be  a
vestige  of  the  proximal  portion  of  an  aftershaft  is  made  evident
by  PI.  IX.  fig.  34,  which  represents  the  aftershaft  of  a  wing-quill
from  a  full-grown  Grouse.

Fowls  are  not  supposed  to  have  the  aftershaft  as  well  developed
as  Grouse,  nevertheless,  as  PI.  IX.  fig.  35  shows,  the  aftershaft  in
the  silky  breed  may  be  as  long  as  the  shaft.  In  its  development
the  aftershaft  in  the  silkj^  breed  follows  the  same  coui\se  as  in
Ptarmigan.

In  the  Guillemot  the  aftershaft  is,  to  start  with,  sometimes  as
long  as  the  shaft.  A  Guillemot  feather  from  the  side  of  the
trunk  is  represented  in  PL  X.  figs.  36  and  37.  In  this  case  the
protoptile  consists  of  seventeen  bai-bs.  Of  the  seventeen  barbs
nine  end  in  the  tip  of  the  shaft  of  the  true  feather,  four  end  in
barbs  of  the  shaft  which  join  the  rhachis  a  considerable  distance
from  the  tip,  and  four,  which  represent  the  protoptile  aftershaft,
are  connected  with  the  aftershaft  of  the  true  feather  (PI.  X.
fig.  37).

Evidently  the  history  of  the  aftershaft  in  Grouse,  Fowls,  and
Guillemots  affords  no  support  to  the  view  that  the  aftershaft  is  a
secondarily  acquired  appendage,  and  may  be  said  to  fully  estab-
lish  the  view  that  a  complete  true  feather  like  a  plumula  coiisists
of  a  calamus  and  two  shafts.

* Pycraft,  '  A Historj-  of Birds,'  p. 9.



I^E&tLInQ  i*EATH6tlS  of  TSE  MALLArD.  633

III.  Origin  and  History  of  Feathers.

It  seems  to  be  generally  assumed  by  iiatvu-alists  and  others
interested  in  birds  that  feathers  are  modified  scales,  and  were
originally  acquired  to  enable  birds  to  fly-  When  evidence  of  the
scale  origin  of  feathers  is  asked  for,  the  reply  usually  is,  "  If
you  accept  the  view  that  birds  were  evolved  from  Reptile-like
ancestors  you  may  safely  also  accept  the  view  that  feathers  are
specialized  scales."  Having  adopted  the  view  that  feathers  are
modified  scales,  investigators  interested  in  the  coat  of  birds
proceeded  to  inquire  if  each  feather  corresponds  to  an  entire
scale  or  to  part  of  a  scale.  Wiedersheim  favoured  the  view  that
each  feather  represents  a  complete  scale,  but  Bornstein  (13)  and
others  came  to  the  conclusion  that  a  feather  papilla  only  repre-
sents  a  fragment  of  a  scale.

How  scales  were  transformed  into  feathers  has  been  indicated
by  various  writers.  Baron  Frances  Nopcsa,  in  a  paper  "  On  the
Origin  of  Flight,"  states  that  we  may  quite  well  suppose  "  birds
originated  from  bipedal  long-tailed  cursorial  reptiles  Avhich
during  running  oared  along  in  the  air  by  flapping  their  free
anterior  extremities,"  and  added  that  the  double  running  and
flapping  action  would  subsequentlj'-  easily  lead  to  an  enlaxgement
of  the  posterior  marginal  scales  of  the  antebrachium,  and  even-
tually  to  their  development  into  actual  feathers  (10).  Lull,
another  believer  in  the  transmission  of  acquired  somatic  charac-
ters,  points  out  that  the  anterior  extremities  of  birds  when  in  the
making  would  be  more  eflTective  if  their  breadth  was  increased,
and  that  an  increase  of  the  size  of  the  scales  along  the  arm  margin
would  be  a  ready  means  to  this  end.  Lull  then  proceeds  to  say
the  "scales  would  extend,  lighten,  and  ultimately  evolve  into
feathers  which  would  not  only  subserve  the  function  of  flight,
but  acting  as  clothing  retain  and  aid  in  the  increase  of  tempera-
ture"  (11).  (Similar  views  are  held  by  W.  K.  Gregory,  who  tells
us  the  Pro-Aves  jumped  lightly  from  branch  to  branch  and
finally  from  tree  to  tree  partly  sustained  by  the  long  scale-like
feathers  of  the  pectoral  and  pelvic  wings.

The  view  that  feathers  are  modified  scales  has  long  been  held
by  Pycraft.  In  a  work  published  in  1910  Pycraft  points  out
tliat,  to  start  with,  the  body  clothing  of  birds  probably  consisted
of  relatively  large  scales,  "  those  covering  the  hinder  border  of
the  incipient  wing  growing  longer  would  still  retain  their  original
overlapping  ai-rangement  and  along  its  hinder  border  would  in
their  arrangement,  appearance,  and  function  simulate  the  quills
of  modern  birds;  as  their  length  increased  they  became  also
fimbriated  and  more  and  more  efficient  in  the  work  of  carrying
the  body  through  space."

It  is  now  evident  that  the  wing-quills  of  birds  are  preceded  by
nestling  feathers,  and  may  be  regarded  as  modified  protoptiles  :
hence  the  question  at  issue  is,  Are  the  protoptiles  modified  scales?
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It  is  inconceivable  that  the  smidl  protoptile  forerunners  of  the
wing-quills  of  Ducks  were  evolved  from  enlarged  scales,  which  as
they  increased  in  length  became  fimbriated.  The  more  the
history  of  feathers  is  studied  the  more  untenable  becomes  the
belief  in  their  origin  from  scales.  When  special  attention  is
directed  to  the  phases  through  which  feathers  pass  during  their
development,  it  becomes  evident  that  in  an  attempt  to  trace  their
origin  we  are  not  concerned  with  the  wing-quills  or  other  contour
feathers,  but  with  the  feather  papillee,  and  still  more  with  the
filaments,  in  which  the  nestling  feathers  are  developed.  It  is
conceivable  that  by  the  appearance  of  new  and  dominant  factors
in  the  germ-plasm,  scale  papillse,  instead  of  developing  into  scales,
developed  into  feather  filaments,  but  it  is  difficult  to  imagine
how  scales  by  growing  longer  and  splitting  were  transformed  into
double-shafted  nestling  feathers.  There  is  little  chance  of  the
geological  record  ever  throwing  any  light  on  the  origin  of  either
feather  papillae  or  feather  filaments,  hence  we  must  make  the
most  of  the  embryological  record.  Thus  far  the  embryological
record  has  afibrded  no  support  to  the  view  that  scales  in  whole  or
in  part  were  concerned  in  the  making  of  feathers.

When  birds  first  acquired  feather  filaments  it  is  impossible  to
say,  but  we  may  assume  that  when  the  remote  ancestors  of  birds
and  mammals  became  warm-blooded  any  outgrowths  from  the
skin  which  prevented  a  loss  of  heat  would  from  the  first  count  in
the  struggle  for  existence.

A  hint  as  to  the  nature  of  the  coat  in  the  progenitors  of
mammals  we  have  from  Armadillos,  and  an  indication  of  the  kind
of  coat  worn  by  the  Pro-Aves  is  obtained  by  studying  the  deve-
lopment  of  nestling  feathers,  more  especially  of  the  pi-otoptiles  of
feather-  footed  birds,  The  Six-banded  Armadillo  has  an  extensive
scaly  covering,  but  only  a  sparse  coat  of  hair  ;  birds,  with  few
exceptions,  have  during  development  a  more  or  less  complete
coat  of  filaments*,  and  pi'obably  in  Owls  the  foot-feathers  still
bear  the  same  relation  to  scales  as  in  the  primeval  birds.  In  the
developing  Armadillo  a  stage  is  eventually  reached  when  haii'S
are  seen  projecting  from  under  the  developing  scales  or  from  the
skin  between  the  scales.  The  number  of  hairs  developed  in  con-
nection  with  scales  varies.  There  are  often  groups  of  three  hairs
projecting  from  under  the  tail  scales  of  mammals  ;  in  the  Six-
banded  Armadillo  there  are  often  three  or  four  hairs  to  a  scale,
but  sometimes  only  one;  in  the  small  Argentine  Armadillo  Ghlmny-
dojjJwrus,  as  text-fig.  12  shows,  fifteen  hairs  may  be  developed  in
connection  with  one  foot-scale.

In  Armadillos  and  other  mammals  having  scales  as  well  as
hairs  there  is  no  evidence  that  the  hairs  are  ever  developed  from
scales.

* All the birds I have examined, with the exception of the House Sparrow, had a
more or less complete coat of protoptiles — in the Rook a nestling coat is said to be
absent, but even in Rooks there are a few well-developed nestling feathers.
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That  in  ancient  birds  feathers  were  intimately  associated  with
scales  is  suggested  by  the  feather  papillae  having  approximately
the  same  arrangement  as  the  scales  of  reptiles,  by  feathers
emerging  from  under  scales  above  the  tarsal  joints  of  the  Wood-
cock,  and  by  chicks  and  ducklings  having  vestiges  of  scales  in
connection  with  the  feather  filaments  of  the  legs.  In  the  case  of
Grouse  and  other  birds  >vith  only  one  feather  emerging  from
under  a  foot-scale,  we  are  tempted  to  assume  that  each  foot-
feather  is  developed  fi-om  part  of  the  scale  it  is  associated  with.
But  when  we  find  three  feathers  projecting  from  under  the  foot-
scales  of  the  Barn  Owl  (Strix  flammea)  and  seven  or  more
feather  filaments  occupying  an  area  equivalent  to  a  foot-scale,  we

Text-fia'ure  12.

Scale from the foot of the small Argentine Armadillo {Chlamydopliorus) from under
which pi-oceed a number of hairs developed from the skin underlying the scale.
The three filaments proceeding from under the foot-scales of Barn Owl embryos
like the hairs associated with the scales of mammals are developed from the
skin under the scales and not by a splitting of the scales or from fragments of
the scales.

are  less  inclined  to  admit  that  each  of  the  foot  feathers  of  Grouse
corresponds  to  part  of  a  scale.  When  the  developi^ent  of  the
foot  feathers  of  the  Barn  Owl  is  studied,  one  large  and  two  small
filaments  are  found  projecting  from  many  of  the  scales  ;  the  large
filament  contains  a  protoptile,  and  each  small  filament  contains  a
prefilopluma.  Similar  groups  of  filaments  which  occur  above  the
tarsal  joint  are  overlapped  by  scale  vestiges,  but  in  the  three
feather  groups  on  the  head  scales  are  conspicuous  by  their
absence.  The  well-developed  scales  in  connection  with  the  foot-
feathers  and  the  vestiges  of  scales  in  connection  with  feathers
above  the  tarsal  joints  support  the  view  that  birds,  to  start  with,
had  a  complete  scaly  covering  and  a  sparse  coat  of  feather  filaments.
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As  in  feather-footed  birds  the  feather  papillae  are  from  the  first  as
distinct  from  the  scale  papillae  as  the  hair  rudiments  are  distinct
from  scales,  there  seems  no  escape  from  the  conclusion  that  the
foot  feathers  are  not  modified  scales.  Further,  when  it  is  realized
that  the  foot  feathers  often  belong  to  a  simple  primitive  type,
have  the  aftershaft  as  long  as  the  shaft,  and  that  in  many  birds
there  are  seven  or  more  feathers  occupying  the  position  of  an
ancestral  scale,  we  are  justified  in  assuming  that  feathers,  like
hairs  were  originally  intimately  related  to,  but  not  derived  from,
scales.

As  a  matter  of  fact,  believers  in  the  scale  origin  of  feathers
admit  that  the  foot  feathers  of  recent  birds  are  not  derived  from
the  scales  from  under  which  they  project.  Just  as  it  has  been
assumed  that  the  aftershaft  in  Emu  feathers  is  a  secondarily-
acquired  structure,  it  is  assumed  the  scales  on  the  feet  of  birds
are  secondary  structures.  That  the  scales  overlapping  the  feathers
of  modern  bii'ds  were  secondarily  acquired  and  that  the  foot-
feathers  were  formed  from  the  original  foot-scales,  are  gratuitous
assumptions  wholly  unsupported  by  facts.

How  or  when  feather  filaments  made  their  appearance  it  is
impossible  to  say,  but  we  may  safely  assume  that  many  centuries
elapsed  before  there  was  evolved  in  each  filament  a  more  or  less
complex  feather  ;  needless  to  say  that  unless  a  filament  in  which
a  feather  was  evolving  was  of  more  use  than  a  simple  filament,
natural  selection  took  no  part  in  providing  birds  with  their
original  coat  of  what  are  now  familiarly  known  as  nestling
feathers.  On  the  other  hand,  when  one  bears  in  mind  that  blood-
vessels  extend  right  to  the  tip  of  a  feather  filament,  and  not  merely
a  short  distance  into  its  root  as  in  a  hair,  it  is  probable  that  early
specialization  of  the  filaments  was  well-nigh  inevitable.  Given  a
constant  flow  of  blood  through  the  axis  (pulp)  of  the  filament,  an
inner  epidermic  layer  capable  of  rapidly  adding  new  cells  to  the
middle  layer,  an  outer  epidermic  layer  forming  a  protecting
sheath  and,  in  addition,  an  ever  increasing  demand  for  a  coat
capable  of  arresting  the  flow  of  heat  from  the  skin,  changes  were
almost  bound  to  take  place  in  the  bristle-  like  outgrowths  pro-
jecting  from  under  or  between  the  scales  of  the  remote  ancestors
of  birds.

Judging  by  what  takes  place  to-day  during  the  development  of
the  simple  protoptiles  of  pigeons,  the  first  step  in  the  making  of  a
feather  probably  consisted  in  the  splitting  of  the  middle  epidermic
layer  to  form  hair-like  barbs.  The  result  of  this  splitting  of  the
hollow  cone  formed  from  the  middle  epidermic  layer  of  a  pigeon
filament  is  represented  in  text-fig.  13.  The  appearance  of  a
completed  pigeon  pi-otoptile  after  escaping  from  its  protecting
sheath  is  represented  in  PI.  X.  fig.  38.

The  protoptiles  of  Penguins  represent  a  second  stage  in  the
evolution  of  true  feathers  (text-fig.  3).  Like  the  pigeon  protoptiles
all  the  barbs  are  alike  (form  a  tassel  or  umbel),  but  by  sprouting
they  have  acquired  barbules.
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A  series  of  links  connect  the  relatively  simple  umbelliform
protoptiles  of  Pengnins  with  the  highly-specialized  protoptiles  of
Dncks  and  Emus.  There  are  good  reasons  for  believing  that  the
warm-blooded  progenitors  of  birds  and  mammals  were  evolved
out  of  reptile-like  ancestors  during  a  period  when  desert  con-
ditions  prevailed.  How  long  this  period  lasted,  and  to  what  extent
feathers  had  been  specialized  when  it  came  to  an  end  it  is  impos-
sible  to  say,  but  judging  by  what  happens  during  the  development
of  the  wing-quills  of  the  Mallard,  it  may  be  assumed  the  period  of
aridity  came  to  an  end,  and  a  glacial  period  had  fairly  set  in  long
befoi-e  wing-quills  and  other  true  feathers  were  evolved.  In
other  words,  before  protoptiles  had  been  modified  to  form  meta-
ptiles  and  teleoptiles,  progress  in  the  evolution  of  true  feathers  was

Text-figure  13.

Section througli  the filament of a Pigeon in which the middle epidermic layer has
been split longitudinally to form barbs, s., the thin sheath which disintegrates
immediately after hatching, h., one of the eight barbs formed by the splitting
of  the  hollow  cone  formed  by  the  middle  epidermic  layer,  p.,  the  pulp  con-
taining  blood  vessels,  i.  e.,  the  dermis  or  true  skin  which  extends  during
development to the tip of the protoptile. After Davies.

arrested  owing  to  the  necessity  of  providing  birds  with  a  fur-
like  coat  as  capable  of  arresting  the  flow  of  heat  from  the  skin  as
the  dense  coat  now  worn  by  Polar  Bears  and  other  Arctic
mammals.

The  discovery  by  Dr.  Eagle  Clarke  and  Mr.  Pyeraft  of  a
mesoptile  coat  in  penguins  has  profoundly  modified  our  views
about  the  plumage  of  birds.  We  do  not  yet  know  if  the  remote
ancestors  of  all  our  modern  birds  acquired  a  mesoptile  coat  —
probably  in  the  case  of  the  ancestors  of  the  Ratitae  this  was
unnecessary  —  but  the  more  the  nestling  feathei's  are  studied  tlie
evidence  of  the  existence  of  two  coats  of  prepenn?e  in  the  ancestors
of  modern  birds  is  increased.  The  fur-like  mesoptile  coat  is
probably  as  well  developed  to-day  in  penguins  as  it  was  in  their
remote  ancestors  of  the  Jui-assic  Age  ;  relatively  large  mesoptiles
still  occiir  in  ducks  and  geese,  and  I  have  found  recently  distinct
vestiges  of  a  mesoptile  coat  in  pigeons.  How  long  birds,  or  most
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of  them,  in  order  to  survive  required  a  fur-like  coat  throughout
life  we  have  no  means  of  knowing  ;  but  this  much  is  certain,  that
in  most  recent  species  of  birds  the  mesoptile  coat  is  in  the  act  of
being  suppressed,  or  has  already  disappeared  —  even  in  the  King
Penguin  chicks  it  is  probably  never  worn  in  the  Antarctic  for
more  than  9  or  10  months.  From  what  we  know  about  the
mesoptile  coat  it  seems  to  have  been  originally  produced  partly
by  lengthening  the  protoptiles  and  partly  by  the  development  of

Text-figure  14.

pb.

mb.

A developing' mesoptile of an Adelie Penguin. In penguins the inesoptiles consist;
as a rule, of numerous barbs which in some areas may reach a length of over
three  inches.  A  true  protoptile  calamus  containing  "  cones  "  though  present
in  ducks  is  seldom met  with  in  other  birds.  As  the  protoptile  is  pushed from
the skin the inner ends of the protoptile barbs, destitute of barbules, separate
from each other and are subsequently seen to be continuous with mesoptile
barbs, mb., one of the nu.merous barbs of the developing mesoptile. pb., one
of the nine protoptile barbs, each of which is connected with a mesoptile barb.
b., one of the nine slender cords which together for a time playeu the part of a
protoptile calamus.

new  barbs.  This  is  suggested  by  text-fig.  14,  which  represents  a
developing  mesoptile  feather  from  the  breast  of  an  Adelie
Penguin.  The  nine  barbs  forming  the  protoptile  are  directly
continuous  with  nine  mesoptile  barbs  ;  the  rest  of  the  mesoptile
consists  of  barbs  having  no  connection  with  the  protoptile.  As
Pycraft  points  out,  the  second  coat  of*  the  Adelie  Penguin  is  "a
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long,  dense  wooll}'  covering,  so  dense  that  it  is  difficult  to  expose
the  skin."  In  course  of  time  the  protoptile  coat  is  shed  and  the
mesoptile  coat  is  pushed  from  the  skin  by  the  tr\ie  feathers.

The  long  fur-like  mesoptile  coat  of  the  King  Penguin  suggests
that  during  the  Ice  Age,  which  succeeded  the  period  of  desic-
cation,  the  evolution  of  true  feathers  was  ai-rested,  and  that  the
mesoptiles  cannot  be  regarded  as  representing  a  stage  in  the
evolution  of  true  feathers.  Though  to  the  naked  eye  the  meso-
ptile  barbules  seem  to  be  identical  with  the  barbules  forming  the
protoptiles,  they  are  seen  to  differ  when  examined  under  the
microscope  —  instead  of  being  nearly  straight  they  are  spirally
twisted  at  their  origin.  In  the  case  of  King  Penguin  chicks  the
mesoptiles  differ  from  the  protoptiles  more  than  in  the  Adelie
chicks,  and,  as  already  pointed  out,  the  mesoptiles  of  the  Ringed
Penguin  decidedly  differ  from  both  the  protoptiles  and  the
metaptiles.  In  all  the  three  Penguins  mentioned  the  first  true
feathers  differ  from  the  prepennfe  which  precede  them.  Hence,
though  the  prepennse  and  all  the  true  feathers  which  succeed
them  must  be  regarded  as  links  in  a  chain,  it  should  be  borne  in
mind  that  the  first  link  diffei'S  both  in  function  and  structure
from  the  second,  and  the  second  from  the  third.  Further,  it
should  be  borne  in  mind  that  there  are  good  reasons  for  believing
that,  but  for  the  advent  of  an  Ice  Age,  the  protoptiles  at  a
compai-atively  early  period  would  have  been  succeeded  by  true
feathers,  and  that  probably  long  before  Archfeopteryx  made  its
appearance  on  the  scene  some  millions  of  years  ago,  steps  would
have  been  taken  in  most  birds  to  suppress  the  fur-like  coat  of
mesoptiles,  now  apparently  only  well  developed  in  Penguins.

In  conclusion,  it  may  be  stated  that  a  study  of  the  develop-
ment  of  birds  suggests  :  (1)  that  their  coat,  to  start  with,  consisted
of  vai"ious  kinds  of  simple  filaments;  (2)  that  in  course  of  time
the  hollow  epidermic  cone  in  each  filament,  in  some  incompre-
hensible  way,  was  converted  into  a  protoptile  or  preplumula  :
(3)  that  the  protoptiles  in  some  cases  soon  acquired  the  chief
chai'acteristics  of  true  feathers  ;  (4)  that  for  a  time  progress  was
arrested  in  order  to  provide  birds  (or  most  of  them)  with  a  fur-
like  (mesoptile)  coat,  by  way  of  giving  them  a  chance  of  surviving
dviring  the  cold  phases  of  an  Ice  Age  :  (5)  that  as  the  climate
improved  the  mesoptile  coat  was  in  many  cases  superseded  by  a
coat  of  true  feathers  ;  and  (6)  that  by  the  specialization  of  feathers
along  the  posterior  margin  of  the  hands  and  forearms  and  the  sides
of  the  tail,  birds  of  the  Archseopteryx  type  were  eventually  evolved
capa.ble  of  flight,  or  at  least  of  gliding  easily  from  tree  to  tree.

Text-figures  1,  2,  8,  9,  12  are  from  drawings  by  Miss  Augusta
Lamont,  B.Sc,  text-figures  3-7  and  10,  11,  13,  14  are  from
drawings  by  the  author,  all  the  other  figures  are  from  photographs
by  Mr.  John  Chisholm.

Towards  defraying  the  cost  of  the  drawings  and  photographs
a  grant  was  obtained  from  the  Moray  Fund  of  the  University  of
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Edinburgh  and  a  grant  has  been  voted  from  the  Carnegie  Trust
for  the  Universities  of  Scotland,  towards  the  cost  of  publishing
this  joaper.

In  addition  to  material  in  the  form  of  ducklings,  goslings  &c.,
bred  at  Craigybield,  Penicuik,  it  ought  to  be  mentioned  that
valuable  contributions  for  the  study  of  nestling  feathers  were
provided  by  the  Director  of  the  Zoological  Society  of  Scotland,
and  that  but  for  the  Institution  of  the  Scottish  Zoological  Park
I  would  not  have  been  led  to  undertake  research  work  on  the
Structure  and  History  of  Feathers.  Purther,  it  ought  to  be
mentioned  that  during  the  investigation  I  received  valuable
material  fi'om  the  Zoological  Society  of  London,  the  Royal
Scottish  Museum,  and  the  Philosophical  and  Literary  Institute
of  Leeds,  and  that  I  am  especially  indebted  for  specimens  that
proved  most  useful  to  Colonel  Ashley,  M.P.,  Miss  Clerk  of
Penicuik,  William  J.  Gordon,  Esq.,  of  Windhouse,  Yell,
Shetland,  Professor  Meakins,  the  TJnivei'sity  of  Edinbm^gh,
and  Professor  Philip  J.  White,  the  University  of  North  Wales.
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EXPLANATION  OF  THE  PLATES.

Pj:.A.TE T.
Pig.  1.  Protoptile  and  metaptile  from  vicinity  of  preen  gland  of  a  38  days'

Mallard. The mesoptile lias been suppressed. The long barbs proceeding
from the inner aspect of the protoptile calamus towards the calamus of
the metaptile are vestiges of a metaptile aftershaft. X 2.

2.  Protoptile,  mesoptile,  and tip  of  a  wing-quill  of  a  5  weeks'  Indian llunner
duckling.

3.  Protoptile,  mesoptile,  and  tip  of  a  wing-covert  of  a  6  weeks'  Emden
gosling.

4.  Tip  of  tail-quill  of  a  young Ringed Penguin (n.  s.).

•Plate  II.
Pig. 5. Tail-quill and protoptile of a 5 weeks' Mallard duckling (n. s.).

6.  A  10 days'  Mallard embryo.  The tail-quill  papillae are well  developed,  but
there is little indication of the wing-quill papillae.

7. Wing of a 25 days' Mallard duckling showing the wing-quill protoptiles (n. .s.).
8.  Wing-quill  protoptile  from  a  live  weeks'  Mallard  duckling  attached  to  tip

of developing mesoptile.
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Plate  III.

Pig.  9.  Filaments  from  a  13  clays'  Mallard  embiyo  ;  tlie  long  filaments  contain
developing  protoptiles,  the  small  ones  preplumulse  or  prefiloplumse.
X2.

10.  Win^-quill  protoptile  artificially  removed  from  a  filament  of  a  26  days'
Mallard embryo.

11. Aftershaft of the protoptile of a duelling.
12. Wing of a 38 days' Mallard duckling showing mesoptiles between the pro-

toptiles  and  the  developing  primary  and  secondary  wing-quills.  Lying
between developing wing-quills (each still invested by a sheath) are wing-
coverts in which the mesoptile is vestigial.

Plate  IV.

Pig.  13.  Protoptile,  mesoptile,  and  tip  of  wing-quill  of  a  Chinese  gosling.  Though
the mesoptih^ seems to be umbelliform and to end in a calamus, it really
consists of a shaft and an aftershaft from wdiich slender threads proceed
to the tip of the true feather.

14. In this figure the proximal portion of the mesoptile is represented. It con-
sists of a narrow, perforated band representing the rhachis of the meso-
ptile shaft,  of a broad perforated band representing the rhachis of the
aftershaft, and of numerous slender threads which connect these bands
with the shaft and the vestigial aftershaft of the true feather.

15.  Nestling  tail  of  a  7  days'  Mallard  ducldiug.  The  protoptiles  at  each  side
of  the  middle  line  have  beeh  pushed  from the  skin  by  the  developing
true tail-quills.

16.  The  "nestling  tail"  at  the  middle  of  the  fifth  week.  It  now  consists  of
growing true tail-quills as well as of protoptiles, usually with the ex'cep-
tion  of  the  ninth  from the  middle  line  at  each  side  the  protoptiles  are
directly continuous with the tail-quills — in other words, in the tail of the
Mallard  duckling  nearly  all  the  mesoptiles  have  been  completely
suppressed.

Plate  V.

Fig.  17.  Nestling feathers  from the back of  a  33 days'  Mallard duckling.  The large
protoptile  has  a  distinct  calamus  containing  "cones."  To  the  left  of
the calamus are : (1) a filoplume with a minute prefiloplume on its tip;
and (2) two plumula; each carrying a preplumula, to the right a plumula
with  a  preplumula  on  its  tip.  X  5.

18.  A plumula from a young Aylesbury duck showing a large shaft  consisting
of  long,  slender  barbs  springing  from  a  relatively  short  rhachis  and  a
well-developed aftershaft with a short rhachis.

19.  The  calamus  of  a  naturally  shed  plumula  with  part  of  the  sheath  of  the
growing plumula attached.

20.  A  developing  filoplume  with  a  prefiloplume  at  its  tip  from  a  7  weeks'
Aylesbury  duckling.  X  2'5.

Plate  VI.

Fig. 21. Developing plumula from a 5 weeks' duckling. The aftershaft is developing
from apex to base in exactly the same way as the shaft. X 4.

22.  A  protoptile  from  a  young  Emu  showing  an  aftershaft  with  a  short
rhachis.

23. Emu feathers of the first (protoptile) and second generation. The protoptile
shaft is directly continuous with the shaft of the second feather, and the
protoptile  aftershaft  is  continuous  with  the  aftershaft  of  the  second
feather.

Plate  VII.

Pigs. 24 & 25. In 24 we have an early stage in the development of an Emu feather of
the second generation. In 25 the development of the second generation
feather has been nearly completed. In both cases the aftershaft is deve-
loped  in  the  same  way  as  the  shaft  —  the  tip  of  the  aftershaft  of  the
second feather is continuous wnth the protoptile aftershaft and the tip of
the shaft is continuous with the protoptile shaft.
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Fig.  26.  Emu  feathers  of  the  first,  second,  and  third  generations.  The  tip  of  the
aftershaft of the feather of the third generation is continuous with the
rhachis of the aftershaft of the feather of the second generation.

27. In this specimen the tip of the aftershaft of the second generation feather
had lost its connection with the protoptile, and the tip of the aftershaft
of the third generation feather had lost its connection with the " calamus "
of the feather of the second generation.

Plate  VIII.
Fig.  28,  Emu  protoptile  and  a  developing  feather  of  the  second  generation,  the

aftershaft of which is repi'esented bj^ two barbs. X 5.
29.  Developing feather from rump of 18 da.ys'  Mallard duckling.  This feather

consists of two portions, one, the larger, representing a shaft, and one
representing  an  aftershaft,  connected  lilje  the  Emu  feather  given  in
tig. 28, to the protoptile by two barbs.

30.  Breast  feathers  from  an  adult  moulting  King  Penguin.  The  growing
feather consists of a shaft and an aftershaft connected by their tips with
the calamus of the feather about to be shed.

31. In this figure the shaft of the new feather has been removed to show the
connection between the developing aftershaft and the old feather.

Plate  IX.
Fig. 32. Grouse feather with an aftershaft as long and as complex as the shaft.

33.  A  protoptile  and  a  developing  true  feather  from a  young Ptarmigan.  The
part  of  the  developing  feather  with  a  distinct  rhachis  represents  the
shaft,  the  part  in  which a  rhachis  has  not  yet  appeared represents  an
aftershaft.

34. Calamus and aftershaft of the wang-quill of a Grouse.
35. Feather of a fowl of the Silky breed with an aftershaft as long as the shaft.

Plate  X.

Figs.  36  &  37.  Feather  from  a  nestling  Black  Guillemot.  36,  represents  the  shaft,
and thirteen barbs of  the protoptile.  37,  the four  remaining protoptile
barbs connected with the rhachis of the aftershaft which was detached
along with the calamus.

38.  Protoptile  of  a  Wood  Pigeon  connected  to  the  tip  of  a  true  feather  hy  a
vestige of a raesoptile. The pulp projects from the tip of the teleoptile.
Note that the barbs resemble hairs, have no barbules.
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