
V.    OSTEOLOCiY   OF   THE   HERODIONES.

By   Dr.   R.   W.   Shufeldt.

(Two  Plates,   V-VI,   and  43   Figures   in   the   Text.)

Introduction.

Ten  or   twelve   years   ago,   as   stated   in   the   body   of   this   contribution,
I   published   my   memoir   on   "   Osteological   studies   of   the   subfamily
Ardeinee,"   and   it   appeared   in   two   consecutive   issues   of   The   Journal
of   Comparative   Medicine   and   Surgery   of   New   York   City.   My   mate-

rial  was   somewhat   limited   at   that   time,   however,   and   the   place   in
which   the   memoir   appeared   prevented   its   being   seen   except   by
a   very   limited   number   of   comparative   osteologists.   This   being   the
case,   the   utility   of   the   paper   was   to   a   great   extent   restricted,   and   it
failed   to   be   of   the   use   to   those   interested   in   the   osteology   of   birds
that   it   might   otherwise   have   been,   had   it   appeared   in   some   medium
more   distinctly   devoted   to   such   subjects.   The   work   accomplished   by
me   in   the   osteology   of   the   Herons   in   that   paper   is   incorporated   in
large   part   in   the   present   contribution,   but   it   has   been   almost   entirely
'rewritten,   and   greatly   augmented   through   my   researches   upon   far
more   extensive   material   than   I   commanded   at   the   time   when   my   first
work  in  the  group  was  attempted.

Moreover,   the   present   contribution   aims   to   present   the   osteology
of   the   entire   suborder   of   the   American   Herodiones,   and   that   in
a   comparative   way,   dealing   with   the   representatives   of   the   several
genera   of   this   country,   and   also   with   some   of   those   of   foreign   avi-
faun<Te.   It   also   offers   the   taxonomical   schemes   of   not   a   few   distin-

guished writers  who  are  authorities  on  the  subject  of  the  classification
of   birds.   Finally   at   the   close   of   the   contribution   is   added   the   writer's
individual   opinion   as   to   the   probable   place   of   the   Herodiones   in   the
system.   It   is   hoped   that   a   work,   with   which   so   much   pains   has   been
taken,   so   much   material   examined,   digested,   and   illustrated,   will   prove
helpful   to   the   avian   osteologist   in   particular   and   students   of   compara-

tive osteology  in  general.  Should  this  prove  to  be  the  case  my  object
will   have   been   attained,   and   my   labor   more   than   repaid.

R.   W.   S.
Washington,  D.  C,  5th  Oct.,  1900.
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The   Herodiones   are   fairl)-   well   re|)rcsented   in   the   avifauna   of   the
United   States.   For   instance,   in   the   family   Platalcidcc,   we   find   Ajaja
ajaja,   or   the   Roseate   Spoonbill,   a   species   now   nearly   exterminated
in   this   country.   Of   the   family   Ilndidce,   or   the   Ibises,   we   have   two
genera,   each   containing   two   species,   namely   Giiara   alba,   Guara   rubra,
and   Plegadis   autumnalis   and   P.   guaraiina.   The   family   Ciconiid<z   is
rei)resented   only   by   the   Wood   Ibis   (   Tantalus   loculator),   though   it   has
been   claimed   by   some   that   the   Jabiru   {Mycferia   americana)   has   been
known   to   occur   on   this   side   of   the   Mexican   border.   Of   the   Bitterns
and  true   Herons   we   have   quite   a   number.   The   former   are   represented
by  two  genera,   Botaurics   and  Ardetta  and  three  species,   B.   lentiginosus,
A.   <'.v77/>   and   A.   fieoxena  ;   while   the   latter   are   contained   in   the   two
genera   y^/v/^rt   anc!   Nycticorax.   Of   Ardea   there   are   nearly   a   dozen
species,   known   as   Herons   and   Egrets.   Nycticorax   contains   two   Night
Herons,   namely   N.   n.   nccvius,   and   N.   violaceus.   With   the   material
that   has   been   kindly   loaned  me  by   the   U.   S.   National   Museum,   added
to  what  is   to  be  found  in  my  own  collection,   I   have  this  group,  osteo-
logically,   well-exemplified.   My   chief   regret,   however,   is   that,   at   the
present   writing,   I   have   not   a   complete   skeleton   of   the   Spoonbill,   and
only   a   sternum   and   shoulder-girdle   of   the   Jabiru.   During   the   past   few
years   thousands   upon   thousands   of   Spoonbills   have   been   slaughtered
in   Florida   for   the   markets,   by   the   most   unprincipled   of   "feather-
hunters  ' '  to  gratify  the  demands  of  a  barbarous  fashion.  The  bodies  of
those   birds   are   allowed   to   rot   in   the   heronries   where   they   are   shot,
stacked   up   in   heaps,  —  yet   for   two   years   I   have   tried   to   secure   even
one   skeleton   for   my   present   purpose,   without   success.

Overlooking   all   the   classifications   prior   to   1867,   we   find   Huxley   in
his   taxonomy   of   Birds   placing   the   three   families,   Ardeida;,   Ciconiidce
and   Tantatidce   (Ibises   and   Spoonbills)   in   his   group   3   or   the   Pelargo-
morphce   of   his   third   Suborder,   or   the   Desmognath^,   while   Garrod
in  1874  arranged  them  as  follows  :

Order  III.       CICONIIFORMES.
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In   1880,   the   eminent   ornithologist,   Dr.   Sclater,   published   a   classi-
fication of  Birds  in  The  Ibis,  and  in  it  we  find  the  "  Herodiones  "

(Order   VII),   containing   the   three   families,   Ardeidce,   Ciconiidce   and
Plataleida,   and   standing   between   the   orders   Steganopodes   and   Odonto-
glossae.   This   is   the   prevailing   opinion,   and   is   very   probably   close   to
the   truth,   though   some   would   be   inclined,   as   Professor   Newton,   to
bring   them   nearer   to   the   Accipitres   than   to   the   Steganopodes,   on   ac-

count of  the  Storks,  as  they  may  be,  perhaps,  considered  the  point  of
departure   from   the   Herodiones   for   the   Accipitres.'

Dr.   Reichenow   in   1882   in   his   "Die   Vogel   der   Zoologischen   Garten,"
arranged   these   families   in   the   following   manner   :

Order   VII.   GRESSORES.
Family  26.  Ibidce.

27.  Ciconid?e.
28.  Phoenicopteridoe.
29.  Scopida;.
30.  Balfenicipidae.
31.  Ardeidse.

And   they   were   by   him   placed   between   the   Cursores   and
Gyrantes,   or   in   his   serial   arrangement   of   families,   directly   between
the   Pteroclidce   (family   25)   and   the   Didida;   (family   32).   This   view
is   quite   unique,   and   probably   quite   as   unnatural.

Doctor   Coues   in   his   "   Key"   places   the   Herodiones   as   an   order,
between   the   Orders   Limicol^e   and   Alectorides  —  the   last   containing
the   Cranes,   Rails   and   their   Allies.   The   Herodiones   he   divides   into
the   four   families   IbididcB,   Platalcidce   (of   a   suborder   Ibides),   Ciconii-

dce (of  a  suborder  Pelargi),  and  the  Ardeidcp  (of  a  suborder  Herodii).
This   essentially   agrees   in   some   respects   with   what   we   find   in   "The
A.   O.   U.   Code   and   Check   List   of   N.   A.   Birds,"   which   classifies   this
group  as  follows  :

Orders.                                 Suborders.   Families.
Odontogloss.-e  .   Phcenicopteridffi.

f   Ti   -J   f   Plataleidie.Ibides   ......
Herodiones. \  Ibididfe.

Ciconi;e  Ciconiidce.
[   Herodii   .     .          .   Ardeidae.

Paludicol.^.   (With   its   divisions.)

Stejneger   places   the   "Herodii"   (Order   IX)   between   the   Cheno-
morphce   (Order   VIII)   and   the   Steganopodes   (Order   X),   and   divides
them  thus  :

1  Newton.    Encyclo.  Brit.,  9th  ed.,  VoL  XVIII,  Art.  "Ornithology,"  p.  47.
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Ordk.r.

Hkrudii.

SUPERKAMII.IICS.

J  TbidoideK .
■    1  Ardeoideoe

Families.
f  Ciconiidiv.
J    Scopidce.
j    I5ala;nicipitidce.
[  Ardeid;\:.

Dr.   Max   Fiirbringer   in   his   great   work   which   appeared   in   1888   gives
us  the  following  as  a   part   of   his   scheme  of   the  classification  of   birds,
where   the   lierodiones   fall   into   the   Subclass   Ornithur.e.

Okdkk.         Suhokder.

ANSERIFORMES.

POUICIPITIFORMES.

43
*3
o

0)

Gens.
Gastornithes,
Anseres  or
Lamellirostres.
Enaliornithes.
Hesperornithes.
OlLYMBo-I'oDl-

CIPITES.
Phcenicoi'terl

CICONIIFORMES.

Pelargo-Herodil

Accipitres.
( Ilenieroharpa^^es
Pelargolun-pagcs. )

Steganofodp:s.

Family.

Gastornilhidse.
Anatidce.
Enalioriiithidiie.
Hesperornithidse.
Colymbida?.
PodicipidiTi.
Pahieolodidae
Phoenicopteridre.
Plataleidae  or  Hemiglot-

tides.
Ciconiidse  or  Pelargi.
Scopidse.
Ardeida;  or  Herodii.
Balsenicipitidse.
Gypogeranidse.
Cathartidae.
Gypo-Falconid^e.
Phaetontidas.
Phalacrocoracidas.
Pelecanidse.
Fregatida;.

In   the   part    "   Aves   "    of   Bronn's   Thierreich,    Doctor   Hans   Gadow
offers   the   following   arrangement   for   the   main   divisions   of   the   Class   :

Class
1.  UnTERCLASSE.       ARCHi^ORNITHES.
2.  Unterclasse.     Neornithes.

1.  Division.
2.  Division.
3.  Division.

AVES.

Neornithes
Neornithes
Neornithes

I.    Brigade.      I.    Legion.       Colymbomorpha;.

2.   Legion.      Pelargomorphi

2.   Brigade.      I.   Legion.     Alectoromorpha;

2.    Legion.     Coraciomorphaj.

Rati  tie.
OdontolcK.
Carinat;!;.

Ordnungen.
f    Ichthyornithes.

Colynibi  formes.
.Sphenisciformes.
Procellariiformes.
Ciconiiformes.
Anseriformes.
Falconiformes.
Tinaniiformes.
Galbformes.
Grui  formes.
Charadrii  formes.
Cuculi  formes.
Coraciiformes.
Passeri  formes.

11
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Doctor   Sharpe^   places   the   Pelargiformes   (Order   XX)   between
the   Gruiformes   (Order   XIX)   and   the   Phcenicopteriformes   (Order
XXI)   and   classifies   them   in   the   following   manner   :

Order.

Pelargiformes.

Upon   comparing   the   views   as   to   the   position   of   the   Herodiones   in
the   system,   as   expressed   in   the   classifications   of   these   various   distin-

guished authorities,  it  will  be  observed  that  Professor  Huxley  and  Dr.
Sclater   practically   agree   in   their   propositions,   while   a   greater   or   less
degree  of  variance  is  seen  to  obtain  with  respect  to  all  the  others.

In   July,   1889,   the   present   writer   published   in   The   Journal   of   Com-
parative   Medicine   and   Surgery   (New   York)   a   brief   illustrated   article
entitled   "   Osteological   Studies   of   the   Subfamily   Ardeinae,"   which
contained   some   considerable   information   on   the   skeletology   of   the
Herons.   The   body   of   this   memoir   is   herewith   republished   with   its
figures,   as   an   initial   groundwork   for   the   present   contribution.   Later
on   I   will   supplement   it   with   comparative   descriptions   of   such   other
materials   as   have   fallen   into   my   hands   since   it   was   written.   In   the
paper   named   the   species   selected   for   description   was   the   Great   Blue
Heron   (^4rdea   herodias'),   and   after   reciting   the   work   done   with   the
Herons  by  other  authors,   the  osteology  of   this   species  was  substantially
given  in  the  following  words  :

Of  the  Skull   of   Ardea  herodias.  — Upon  superior  view  of   the  skull   of
this   Heron,   our   attention   is   first   directed   to   its   long,   narrow,   and
sharp-pointed   bill.   This   has   the   outline   of   a   lofty   isosceles   triangle,
of  which  the  base  is  the  line  made  at  the  site  of  the  cranio-facial  angle,
and   its   apex,   the   tip   of   the   beak.   This   surface   is   pierced   in   several
localities,   notably   near   the   apex,   and   in   front   of   the   nostrils,   by   mi-

nute  foramina,   while   its   sides   and  ridge  are   venated.   The  osseous
culmen,   owing   to   a   linear   depression   on   either   side   passing   forward
from   the   nostril,   is   in   midregion   semi-cylindrical,   which   convex   sur-

face is  continued  on  the  apex,  while  above  the  nostrils  and  the  pre-
cranio-facial   region,   though   still   convex,   it   is   broader   and   flatter.     The

'  ̂ Review  of  Recent  Alle7Hpts  to  Class  fy  Birds.      Budapest,  1891,  p.  75.
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narial  apertures  are  seen  from  this  view,  but  their  true  form  can  best  be
described  from  a  lateral   aspect  of  the  skull.

Across   the   cranio-facial   articulation   there   is   seen   a   transverse,   de-
pressed tract,  some  three  or  four  millimeters  wide,  where  mesially,  the

remains   of   the   naso-premaxillary   suture   is   still   observable   in   the   adult.
This   transverse   tract   is   quite   thin,   and   owing   to   the   fact   that   the
ethmoid   stops   abruptly   behind   it,   beneath,   on   a   line   with   its   posterior
boundary,   it   allows   considerable   niovement   in   the   vertical   plane   of   the
bill   on  the  remainder   of   the   skull.   How  free   this   is   in   life   I   cannot   at
this   moment   say,   as   I   have  not   a   Blue  Heron  in   the  flesh  before  me.
This   depression   fixes   the   boundary   very   definitely   between   the   frontal
and  postero-superior   region  of   the  upper  mandible,   and  were  it   not   for
it,   these  two  surfaces  would  be  continuous,   gradually   merging  into  each
other,   which   in   fact   they   almost   appear   to   do.   The   frontal   region
is   broad   between   the   superior   margins   of   the   orbits,   faintly   venated,
and   depressed   longitudinally   in   the   middle   line.

In   the   skulls   of   Sula   bassana   and   Pelecanits   fiisciis,   specimens   of
which   I   have   before   me,   this   region   is   likewise   very   broad,   but   the
median   depression   does   not   exist,   it   being   but   faintly   marked   in   the
parietal   region  in   these   birds.

Upon   upper   view   of   the   skull   of   this   Heron,   we   may   also   see   the
superior   aspects   of   the   long   and   large   lacrymals.   They   fit   closely   to
the   sides   of   the   frontals,   and   anteriorly   encroach   upon   the   external
borders  of  each  nasal.

The   posterior   orbital   margins   are   pierced   by   a   few   minute   foramina
on   either   side,   into   which   lead   the   larger   venations   coming   from   the
parietal   eminences.   These   latter   are   quite   strongly   marked   here   as   they
are   in   other   Herons.   Among   the   Pelicans   and   Gannets,   however,
this   region   is   not   thus   distinguished.   Still   more   posteriorly   on   this
aspect   we   observe   the   very   broad   fossa   on   either   side,   known   as   the
"   crotaphyte   fossa."   The   anterior   margin   of   these   fossae   passes
directly   across   the   skull,   being   simply   interrupted   in   the   middle   line   by
a   small   triangular   jog,   with   its   apex   directed   backwards   and   continuous
with   the   median   line   dividing   the   fossa;.   Laterally,   these   fossae   pass
out   between   the   sphenotic   and   squamosal   processes,   occupying   the   en-

tire  space.   Posteriorly   they   are   bounded   by   the   supra-occipital   line,
and   a   muscular   line,   on   either   side,   leading   to   the   sciuamosal   process.
(Fig-   !•)

This   description   of   the   crotaphyte   fossoe   oi   Ardea   herodias,   answers
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with   e(iual   exactness   tor   the   same  depressions   as   found   in   Ariica   can-
didissinux,   a   specimen   of   which   [   have   before   me.   \\\   the   Vellow-
Crowned   Night   Heron,   their   forms   differ   materially,   (Fig.   29),   as
well   as   their   position.   ^Ve   observe   in   this   species   that   these   depres-

sions are  separated  from  each  other  in  the  median  line  by  (juite  a
broad   isthmus,   w'hich   meets   the   apex   of   the   supra-occipital   line.   The
region   below   this   latter,   presents   a   prominent,   though   rounded
median   crest.   In   the   Night   Heron,   (tV.   violaceiis'),   too,   it   can   be
said,   that   they   are   more   on   the   posterior   aspect   of   the   skull,   than
on   top.   This   fact   is   better   appreciateci   by   comparing   the   lateral   as-

pects of  the  skulls  of  the  two  birds.      (Figs,  i  and  28.)
I   omitted   to   point   out   in   passing   the   difference   between   the   Blue

Heron   and   Nxcticorax   violaceus   in   so   far   as   the   cranio-  facial   region   is
concerned,   as   seen   upon   this   view.   Referring   to   Fig.   3,   we   will   see
that  the  transverse  depression  described  for  the  Blue  Heron  is  not  present
in   the   Yellow-Crowned   Heron,   the   region   in   the   latter   being   occupied
by   a   shallow   concavity.   The   articulation   is   (juite   free,   however,   in
the  dried  skull,  and  the  relations  of  the  mesethmoid  are  about  the  same
as  in  the  Blue  Heron.

The   skeleton   of   N'ycticorax   violaceus   that   I   am  using,   is   not   that   of
an   adult   bird  —  it   being   "a   bird   of   the   year,"   which   I   collected   at
New   Orleans,   Louisiana,   in   July,   1883.   But   since   this   description   was
written  I   have  come  into   possession  of   several   skeletons   of   adults,   and
upon   examination   of   them   1   find   they   fall   within   the   account   here
given  of  the  osteology  of  this  species.

Upon  a  lateral  view-  of  the  skull  of  the  Blue  Heron,  the  venated  mark-
ings of  the  superior  mandible  become  more  evident,  and  the  line  lead-
ing forward  from  the  anterior  point  of  the  nostril,   is   distinctly  seen.

As   we   would   naturally   be   led   to   exj)ect,   the   inferior   and   outer   border
of   this   mandible  is   a   sharp  cutting  edge,   from  the  point   when  it   com-

mences by  the  maxillary,  all  the  way  to  the  apex,  and  the  bill  as  a
whole   tapers   gradually   from  its   base  to   this   latter   point.

The   outline   of   the   nostril   is   semi-elliptical,   with   a   broad   shelf   of
bone   extending   inwards   from   its   lower   margin,   and   becoming   con-

tinuous with  the  general  outside  surface  of  the  mandible,  anteriorly.
This   shelf   does   not   meet   the   fellow   of   the   opposite   side,   as   it   very
nearly   does   in   the   Yellow-crowned   Night   Heron.   Behind,   these
shelves   of   bone   are   directly   continuous   with   the   maxillo-palatines.
Above  them,  no  nasal   septum  is   present,   and  an  aperture  exists  to  the
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extent   shown   in   Fig.   2.   All   traces   between   the   nasa/  and   contiguous
bones   have   been   absorbed,   still   such   is   the   conformation   of   the   skull,
that   one   could   predict   with   no   little   certainty,   where   their   original
sites   were.   Coues   (Key,   2d   Ed.,   p.   647)   states   that   the   "nasal
bones   are   typically   holorhinal   "   in   the   Herons,   and   so   they   are,   ac-

cording to  the  rule  laid  down  by  Garrod  for  deciding  that  question,
that   is,   where   "a   transverse   straight   line   drawn   on   the   skull   from   the
most   backward   point   of   the   external   narial   aperture   of   one   side   to
that   of   the   other,   always   passes   in   front   of   the   posterior   terminations
of   the   nasal   processes   of   the   premaxill?e."   (P.   Z.   S.,   1873,   p.   35.)
This  rule,   perhaps,  will   hold  better  as  a  guide,  than  the  form  the  nasal
l)one   assumes,   for   in   this   Heron   there   is   an   evident   tendency   on   the
part   of   its   nasal   towards   schizorhinalism,   its   posterior   narial   margin,   at
least,   being   evidently   distinctly   angular,   more   so   even   than   in   Daption
capefisis,   the  skull   of  which  Garrod  figured,  and  which  seems  to  have  a
similar   tendency.   So   far   as   form   is   concerned,   I   observe   the   typical
holorhinal   skull   in   the   GallincE   generally  —  where   the   above   noted   rule
also  holds  equally  good.

Such  single  characters  are  of  great  service  sometimes,  to  assist  merely
in   determining  a   bird's   position  in   the  system,   but   it   is   hard  forme  to
see   how   one   could   think   of   basing   a   classification   upon   such   a   trivial
condition   any   more   than   we   could   upon   the   shape   of   the   beak   itself.
Moreover,   it   would  be  of   little   use  in   such  forms  as   Sula,   where  there
is   no   nostril   present,   and   certainly   it   would   in   some   cases   violently
separate   forms   that   in   their   general   structure   closely   approach   each
other.

We  find  upon  lateral   view  in   Ardea  herodias,   a   subelliptical   aperture,
that   is   bounded   anteriorly   by   the   nasal,   posteriorly   by   the   lacrymal,
and   below   by   the   maxillary.   Through   it   can   be   seen   the   upper   parts
of   the   maxillo-palatinest   The   lacrymals   in   this   Heron   are   very   large
bones  (Fig.   2) ;   and  the  manner  in  which  one  articulates  superiorly  with
the   frontal   and   nasal   has   already   been   noted   above.   Anteriorly,   the
bone   has   a   regularly   concave   margin,   which   bounds   the   aperture
alluded   to   in   the   preceding   paragraph.   Below,   a   lacrymal   rests
rather   more   than   its   anterior   half   upon   the   maxillary,   then   is   slightly
raised   above   it   to   project   backwards   as   a   process   with   a   transversely
notched   tip.   Above   this   part   of   the   bone   there   is   a   constriction   which
divides   it   from   the   larger   and   upper   portion.   The   surface   is   smooth
and   the    bone   is   highly   pneumatic,   air   gaining   access   to   its   interior
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through   a   large   foramen   on   its   mesial   aspect.   Owing   to   the   broad
frontals,   the   orbital   roof   is   very   complete,   while   its   outer   periphery   is
sharp   and   thin.   This   roof   is   quite   horizontal   in   Ardea,   as   we   see   it
in   the  Gannets,   but   it   is   inclined  to   be  tilted  up  in   the  Night   Herons,
and   consequently   not   shielding   the   eye   so   completely   from   above.

The  ethmoid  is  an  unusualh'  thick  and  bulky  bone  ;  it  spreads  out  a
wide  base  for  the  frontals   to  rest   upon,   and  its   straight  anterior  upper
margin  bounds  the  cranio-facial  hinge  posteriorly  ;   its  anterior  surface  is
broad,  bearing  a  delicate  medial  crest,   continued  upon  it   from  the  apex
of   the   rostrum.   Its   internal   structure   is   cancellous,   and   air   is   un-

doubtedly admitted  to  permeate  it  throughout.  At  a  point,  on  either
side,   half   way   between   the   rostrum  and   the   roof,   it   supports   a   feebly
developed   wing,   the   lower   spur   of   which   meets   the   backward   extend-

ing process  of  the  lower  and  smaller  portion  of  the  lacrymal.  Among
such   birds   as   the   Gannets   and   Pelicans   the   ethmoid   becomes   lamelli-
form   again,   and   it   is   not   nearly   as   thick   diametrically   in   the   Night
Herons  as  we  find  it  in  Ardea.

The   middle   third   of   the   rostrum   of   the   Blue   Heron   is   a   smooth
cylindrical   rod,   which   posteriorly   is   gradually   projected   from   the
sphenoid   to   merge   anteriorly   into   the   ethmoid.   The   inter-orbital
septum   is   very   incomplete,   presenting   one   large   vacuity,   with   which
the  foramina  for  the  optic  nerves  have  united,  together  with  the  smaller
nervous  foramina  found  in   many  birds   on  the  outer   side  of   the  latter.
Above   this   interorbital   vacuity   we   note   that   the   olfactory   foramen   is
also   very   large,   and  the   groove  for   the   nerve   leading  forward  from  its
anterior   apex   is   faintly   double.   In   my   specimen   of   Ardea   candidissiwa
all   these   openings   have   merged   into   one   immense   aperture,   permitting
a   full   view   of   the   interior   of   the   brain-case.   This   individual   is   not
fully  matured,  however,  and  such  may  not  be  the  case  in  the  adult  Egret.

This   does   not   hold   good   in   the   skulls   of   adult   specimens   of   this
Heron,   for   I   find   since   writing   the   above   paragraph,   that   the   arrange-

ment of  these  foramina  in  the  crania  of  specimens  of  A.  candidissii)ia
in  the  collection  of  Mr.  Lucas  as  well  as  in  those  of  this  species  in  the
U.   S.   National   Museum,   is   quite   as   I   have   described   it   for   his   A.
herodias.   My   thanks   are   due   to   Mr.   Lucas   for   his   courtesy   in   placing
at   my   disposal   the   material   to   which   I   refer.   From  the   same  source   I
have  been  enabled  to   compare  skulls   of   Bolaurus  lentiginosus,   B.   exilis,
Ardea   occideiitalis,   A.   egretta,   several   of   .-^.   candidissima,   A.   virescens,
Nycticorax   n.   iubvii/s   and   N.   violaceiis,   besides   a   few   skulls   and
skeletons   of   Herons   from   foreign   lands.
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The   ollactory   foramen   of   the   Yellow-Crowned   Night   Heron   is   ex-
ceedingly small,  while  in  the  specimen  before  me  the  groove  for  the

passage   of   the   nerve   from   it   is   single.   The   optic   foramen,   likewise,
unites   with   the   interorbital   vacuity   in   Nyciicorax.

The   posterior   orbital   wall   in   the   Blue   Heron   looks   forwards,   down-
wards and  slightly  upwards  ;  it  presents  nothing  of  particular  interest  ;

\\\G.  foramrn  ovale  which  pierces  this  wall  at  its  lower  part  in  many  birds,
has  in  the  Herons  moved  round  so  as  to  appear  on  direct  lateral  view,
just   over   the   upper   edge   of   the   (]uadrate.   Upon  this   aspect   the   dome
of   the   parietal   eminence   is   well   seen   in   ])rofile   as   is   the   crotaphyte
fossa,   with   the   muscular   depression  behind  it.

All   Herons   present   three   processes   for   our   examination   on   the   side
of   the   skull,   these   are,   first,   the   squamosal   process   seen   immediately
above   and   rather   in   front   of   the   head   of   the   articulated   quadrate   ;
second,   the   sphenotic   process   defining   the   boundary   of   the   crotaphyte
valley   above,   and   finally,   another   process   just   beyond   the   last,   formed
at   the   union   of   the   outer   angles   of   the   frontal   and   squamosal   bones.

Sutural   traces   among   the   bones   composing   the   intraorbital   l)ar   have
almost   entirely   disappeared   ;   they   can   be   made   out   only   after   careful
scrutiny   in   my   specimen   of   the   Snowy   Heron,   which,   as   I   have   said,
is   not   a   fully   grown   bird.   In   the   Blue   Heron   the   line   of   union   be-

tween the  jugal  and  quadrato-jugal  can  sometimes  be  faintly  recognized
in   the   adult   individual.   This   posterior   third   of   the   bar   is   broad   and
laterally   compressed,   and   the   articulation   with   the   quadrate   a   substan-

tial one,  by  the  usual  cup  and  process  joint.  The  jugal  division  of  the
bone   is   more   slender,   though   also   laterally   compressed,   and   the   ante-

rior end  of  the  maxillary  portion,  whose  relation  is  to  be  described  be-
low, is  horizontally  flattened,  though  not  very  broad.

Several   years  ago  Professor  Parker  found  a  "   post   maxillary  "   in  the
Emu,   and   subsequently   discovered   a   similar   segment   in   several   of   the
Herons,   as   Ardea   i^^arzetta,   Nycticorax   ardeola,   and   in   the   Jiitterns,   as
Botaurus   viridis   and   B.   stellaris.

This   post   maxillary   is   said   to   be   situated  or   found  behind  the   angle
,   of   the   maxillary.   I   find   no  such  bone  in   the   specimens  of   Herons   be-

fore me,  and  can  add  nothing  to  the  statements  of  Professor  Parker  given
above.   It   may   be   that   the   post   maxillary   is   j)resent   in   Ardea   herodias
but  so  far   absorbed  in  the  adult   as  not  to  be  recognized,   or   if   a   free
bone,   it   has  undoubtedly  been  lost,   as   my  specimens  have  been  in  my
collection  for  several  years.      In  either  case,  fresh  material  in  the  flesh.
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both   young  and  adult,   would   be   required,   for   me  to   examine   and  de-
cide upon  such  a  point.

The   quadrate   of   the   Blue   Heron   is   a   large   and   massive   bone,   and
indeed,   such   is   its   character   in   all   of   the   ArdincB   so   far   examined   by
me.   Its   head   presents   for   our   examination   two   distinct   and   elongated
articular   facets,   separated   by   an   abrupt   and   squarish   notch.   These
facets   occupy   the   inner   and   outer   borders   of   the   head   of   the   bone,
with   their   long   axes   parallel   to   the   long   axis   of   the   skull   ;   the   outer
one,  which  at  the  same  time  is  slightly  the  larger,  is  in  advance  of  the
inner,   a   circumstance   which   makes   it   rather   appear   that   this   end   of
the   quadrate   was   obliquely   twisted.   Anteriorly,   the   bone   develops   a
broad   lamelliform   orbital   process,   which   is   flattened   behind   and   con-

vex forwards  in  front,  and  gently  curved  throughout,  to  the  same  de-
gree as  the  posterior  wall  of  the  orbit  behind  it,  though  it  does  not

touch  the  latter.
The   apex   of   this   orbital   process   of   the   quadrate    is   nicely   rounded

off,   and   the   anterior   surface   immediately   below  its   border   looks   almost
directly  forwards,  a  difficult  thing  to  show  in  a  drawing.  (Figs.  2  and  3.  )

Posteriorly,   the   shaft   of   the   quadrate   is   pierced   by   a   large   pneu-
matic foramen,  sufficiently  large  to  permit  one  to  see  the   trabeculse

spanning  its  hollow  interior,  from  wall  to  wall.    The  massive  foot  of  this
bone  presents  for  examination  six  articular  facets.     They  are  the  follow-

ing :     I.   xA  facet  upon  the  lateral  aspect  the  usual  cup  for  the  ball  and
socket  joint  with  the  quadrato-jugal.       2.    On  the  extreme  outer  side  of
the   inferior   surface,   a   sub-elliptical   facet,   separated   from   the   remaining
four  by  a  deep  valley.      This   facet   is    the   largest  of   the  group  ;    its
anterior   end   is   innermost,   and   it   is   intended   to   articulate   with   a   cor-

responding surface  on  the   mandible.      3.    A   smaller   elliptical   facet,
with   its   axis   parallel   to   the   last,   situated   immediately   across   the   valley
referred   to   above.      This   is    the   lowest    facet   of   the   group,   the    skull
being  held  with  its  superior  surface,   upwards.       From  the  outer  side  of
this  facet  a  concave  articular  surface  is  carried  down,  to  extend  partially
across   the   anterior   margin   of   the   intervening   valley.       4.    A   posterior
elliptical   and  smaller  facet,   higher  up  on  the  bone  than  either  2  or  3,     ,
being   directed   somewhat    backwards.       A   concave,   narrow,   articular
isthmus   connects   this   facet   with   No.   2,   occupying   the   posterior   margin
of   the   intervening   valley.       5.    A   large    circular    facet    occupying   the
surface  of   the  inner  aspect  of   the  foot  of   the  quadrate,   directed  down-

wards, backwards  and  inwards,  the  skull  being  held  as  above.      This
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facet   is   separated   from   3   by   a   distinct   valley.   6.   On   the   inner   angle
of   the   foot   of   the   quadrate,   a   small   circular   facet,   directed   forwards
and   upwards,   intended   for   the   cup   on   the   posterior   extremity   of   the
pterygoid.   All   these   articular   surfaces   except   the   first   and   last,   have
corresponding   elevations   or   depressions   for   their   insertion   on   the   ar-

ticular end  of  the  mandible,  and  I  have  risked  the  danger  of  being
considered   a   "dweller   upon   details   "   in   order   to   show   what   an   ex-

tensive array  of  facets  the  foot  of  this  bone  supports,  and  how  com-
plicated a  surface  it  offers  to  the  articular  extremity  of  the  mandible.

I   believe,   that   a   careful   study   of   these   facets,   in   the   Class   birds,   will
some  day  afford  us  an  additional  series  of  facts  that  can  be  used  with
advantage   in   classification.

The   maxillo-palatines,   the   palatines,   the   pterygoids,   and   the,  con-
dyle of  the  occiput,  can  all  be  seen  on  direct  basal  view,  but  these  I

have  reserved  to   describe   in   the   two  remaining  aspects   of   the   skull.
Seen   upon   inferior   view   of   the   skull,   the   superior   mandible   presents

an   unbroken   horizontal   surface.   This   is   bounded   on   either   side   by
its   sharp   edges,   while   its   middle   and   longitudinal   line   is   defined   by
a   delicate   and   slightly   elevated   crest.   At   irregular   intervals   on   either
side   of   the   latter,   minute   foramina   occur,   from   which   spring   branching
concave   venations,   directed   forwards   and   outwards   to   the   lateral
edges.       (Fig.   2.)

The   dentary   processes   of   this   premaxillary   bone   are   directed   back-
wards, with  pointed  apices  to  overlap  the  major  part  of  the  horizontal

plate   of   each   maxillary.   Anteriorly,   the   palatines   merge   impercep-
tibly  into   the   premaxillary,   rendering   it   impossible   in   the   adult

Heron  to  define  the  exact   line  of   union,   their   inner  margin  also  uniting
with  each  other,   in   a   like   manner,   as   far   back  as   the  middle   point   on
the   inferior   border   of   a   maxillo-palatine.   Here   abruptly   an   interval
occurs   between   them,   through   which   we   may   see   the   hinder   half   of
the  latter  bones  and  the  lower  border  of  the  vomer.

Still   more   posteriorly   they   become   doubly   carinated,   the   posterior
angle   of   the   outer   keel   being   bluntly   pointed.   At   the   mergence   of
these   keels   behind,   we   find   the   articular   heads   for   the   pterygoids,   the
upper  surfaces  of  both  ride  the  under  side  of  the  rostrum.

Now  the  inner  sides  of  the  inner  keels  of  the  palatines  are  produced
forwards  to  merge  into  the  vomer  in  a   sharp  point   beyond,   thus  form-

ing in  conjunction  with  this  bone  a  long  doubly  carinated  process,  in
the   median   line,   opposite   the    middle   thirds   of   the    palatine    bodies.

,n..   /(
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Fig.  5.  Posterior  view  of  the
skull  of  Ardea  herodias.  Man-

dible removed.  Natural  size.
By  the  author  from  the  same
specimen  as  the  others.

This  process  forms  a  part  of  the  lower  margin  of  the  vomer,  which,  as
I   have  said,   it   really   is.       The  median  plate  of   the  vomer  rises  above

this   and   extends   beyond   it,   to   jiroject
slightly   into   the   interspace   between   the
maxillo-palatines.   The   upper   margin   of
this   median   vomerine   plate   is   longitudin-

ally split,  as  it  were,  and  the  two  thin
plates   thus   formed   beautifully   curl   out-

wards and  downwards,  on  either  side,
creating   as   they   do   so   a   median   longi-

tudinal groove  on  the  upper  aspect  of
the   vomer,   over   the   hinder   moiety   of
which   the   apex   of   the   rostrum   hangs,
and   even,   still   more   posteriorly,   meets
it   in   a   free   schindylesial   articulation.
The   middle   third   of   the   inner   border   of
the   upper   side   of   each   palatine   develops

a   broad   crest   that   curls   outwards   all   along   its   summit.   On   lateral
view  this  crest  hides  the  hinder  half  of  the  vomer.

The   maxillo-palatines   of   Anica   herodias   are   of   a   highly   spongy   bone
tissue   throughout.   This   material   imperceptibly   merges  '   into   the
more   coarsely   developed   tissue   of   a   similar   character,   which   fills   the
hollow   of   the   superior   mandible   beyond.   Laterally,   the   maxillo-pala-

tines may  be  said  to  spring  from  the  anterior  horizontal  plates  of  the
maxillaries,   on   either   side   ;   such   a   fact   is   only   known   to   us   though
from  our  knowledge  of   the  development  of   these  bones  in  other  birds,
for   we   would   hardly   suspect   it   here.   The   hinder   halves   of   these
bones   rise   parallel   to   each   other,   as   lofty   porous   plates,   which   being
produced  forwards  meet  the  inner  sides  of   the  nasals   and  the  premax-
illary   to   fiise   with   them.   In   Nycticorax   these   hinder   moieties   have   a
thin   outer   layer   of   compact   bone   tissue   covering   them   which   more   or
less  masks  their  spongy  nature.

In   this   Heron   the   relations   subsisting   among   the   palatines,   the
vomer,   the   rostrum   of   the   sphenoid   and   the   bones   just   described,
are  about  the  same  as  we  find  them  in  Ardca.

In  both,   too,   we  find  that   the  median  surfaces  of   the  upper  part   of
the   inner   carination   of   the   posterior   third   of   the   palatines   are   closely
applied  to  each  other,  so  closely  in  fact  that  in  dried  skulls  one  has  to
resort   to  the  knife  to  separate  them  before  we  are  assured  that   direct
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union  has   not   taken  place,   as   we  find  it   in   the  pelicans,   gannets,   and
others,   where   the   entire   median   surflice   of   the   inner   carina!   plates
fuse  to  form  one  descending  keel  in  the  middle  line.

My   specimen   of   the   immature   Yellow-Crowned   Night-Heron,   shows
this  union  to  be  of  so  firm  a  nature,  that  it   would  not  surprise  me  in
the  least  to  find  in  an  old  adult  of  this  species  that  ])erfect  union  had
taken  place  between  the  parts  of  these  inner  keels  of  the  palatines  that
come   in   contact   behind.   There   is   an   excellent   figure   of   the   base   of
the   posterior   half   of   the   skull   of   Aidea   cinerea   in   Professor   Huxlev's
memoir   upon   the   classification   of   Birds   in   the   Proceedings   of   the
Zoological   Society   for   1867,   Fig.   19,   page   437.

Fjg.  6.  The  hyoid  arches  of  Ardea  herodias,  viewed  from  above.  Natural  size,
by  the  author  from  the  same  specimen  as  other  figures.

It   agrees   in   every   detail   with   the   skulls   of   other   true   Herons   that   I
have   before   me,   or   have   examined   elsewhere.   The   pterygoid   of   the
Blue  Heron  is  a  straight,  stout  bone,  feebly  crested  upon  its  upper  side,
while   its   inner   aspect   is   grooved   for   its   entire   length.   Both   ends   are
dilated,  the  anterior  one  to  receive  the  palatine  head  of  the  correspond-

ing side  ;   the  other  to  articulate  with  the  quadrate.  Above  this  latter
extremity  a   projection  is   developed,   on  the  outer  side  of   which  is   seen
a   large   pneumatic   foramen,   which   is   double   in   some   s|)ecimens.   This
bone   is   devoid   of   any   sign   of   a   process   at   the   usual   site   where   one
usually   develops   to   meet   the   baso-pterygoid   apophysis   when   the   latter
is   present.   Other   Herons   have   the   pterygoids   constructed   in   precisely
the   same   way.   I   fail,   however,   to   find   the   pneumatic   foramina   in   the
Night   Herons   in   the   same   locality   as   described   above   for^.   herodias,
but  no  doubt  a  larger  series  of   specimens  would  show  it,   as  the  same
projection   exists   in    the   pterygoid.

In   the   Blue   Heron   the   basisphenoidal   region   is   elongated   and   de-
velops a  median  keel  which  merges  into  the  inferior  surface  of  the

rostrum   just   beneath   the   pterygoidal   heads.   The   Eustachian   tubes   are
guarded  only  by  a   thin  over-arching  lamella  of   bone.       As  in   Sula  and
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other   forms   the   basitemporal   area   is   much   contracted,   while   in   the
dried   skull   the   tympanic   cavity   is   so   exposed   that   no   little   care   is   re-

quisite to  locate  its  exact  boundaries.  The  foramina  for  the  pneumo-
gastric,   glossopharyngeal,   hypoglossal   nerves   and   internal   carotid   ar-

tery, relatively  occupy  their  usual  sites,  as  seen  elsewhere  in  the  Class.
Upon  this   inferior   view  of   the   skull   we   really   see   the   under   side   of

the   occipital   condyle,   as   its   form   and   articular   surface   appear   only   in
full   view  when   the   skull   is   looked   at   directly   from  behind.

This   direct   posterior   view  of   a   bird's   skull   is   a   very   instructive   one,
a   fact   that   was   thoroughly   appreciated   by   so   talented   an   anatomist   as
Garrod,   who   presented   us   with   a   number   of   them   among   his   valued
papers,   as   for   instance  where  he   makes   the   telling  comparisons   among
the   skulls   of   Chaitiia   derbiaiia,   ClocpJuii^a   i/iage/Ia/i/ccx   and   Mitiia   tu-
bcrosa   (P.   Z.   S.,    1876,   pp.    189-200).

Fig.  7.    The  sternum  ai  Ardca  lierodias,  viewed  from  helow.      Natural  size.

Such  a   view  of   the  skull   of   this   Heron  is   shown  in   Figure  5,   where
the  broad  crotaphyte  fosste  are  seen,  separated  from  each  other  in  the
median   line   above   by   an   exceedingly   narrow   space.   The   supra-occi-

pital  region   stands   out   prominently,   partially   overhanging   the   sub-
circular   foramen   magnum.   Regularly   reniform,   with   the   notch   up-

wards, the  large  occipital  condyle  is  here  better  seen,  jutting  directly
backwards   from   its   lower   margin.   Beneath,   and   in   the   middle   region,
the  pterygoids  and  the  four  carinations  of  the  palatines  come  into  view.
These   are   flanked   on   either   side   by   the   ponderous   quadrates,   which
latter   show   the   large   jjneumatic   foramen   in   each,   leading   into   their
hollow   interiors.
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Above,   on   either   side,   the   sphenotic   process   can   be   seen,   pointing
downwards,  while  below  it   the  squamosal  process  juts  out,   and  between
the  two,   the  crotaphyte  fossre  pass  to  the  lateral   aspect  of   the  skull.

In   Nycticorax   the   supraoccipital   region   is   carried   to   a   point   above,
and   is   usually   divided   by   a   pronounced   crest   with   rounded   summit.
A   far   broader   strip   separates   the  crotaphyte  fossoe  from  each  other   in
the  median  line.

'I'he   occipital   condyle,   although   of   the   same   shape,   is   relatively
much   smaller,   and   finally   the   posterior   orbital   peripheries   can   be   seen
peeping   above   the   parietal   domes,   all   these   differences   enumerated
giving   to   these   two   skulls,   even   when   only   casually   compared   from
this   view,   a   very   dissimilar   look.

In   a   number   of   minor   details,   principally   referable   to   relative   posi-
tion and  form,  the  points  for  examination  within  the  braincase  present

certain   differences   between   the   Night   Herons   and   the   genus   Ardea.
All   the  essential   characters  in  the  skull   of   Nycticorax  n.   iicevius  agree

with   the   corresponding    ones   in   the    skull   of   Ardea   herodias,   as    they

Fu;.  8.    Right  lateral  view  of  the  sternum  of  Ardea  herodias.      Natural  size,  and
same  bone  as  shown  in  Figure  7.

have   been   described   above.   The   skull   of   the   former,   however,   is
about  one-fifth  less  in  point  of  size  than  it  is  in  the  last  named  species.
(See   Fig.   29.  )

The  vHifidihle  of  the  Herons  offers  us  a  number  of  points  of  interest
for   our  investigation.
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In  the  Great  Blue  Heroii   (a  bird  that  I   have  alhided  to  several   times
above   as   simply   the   Blue   Heron)   the   outer   border   of   either   ramus   of
the   mandible   for   nearly   two-thirds   of   the   distance   back   from   the   apex
is   very   sharp,   and   along   the   middle   third   of   the   entire   length   of   the
bone,   it   is   swelled   just   within   this   cutting   edge,   which   enlargement
has   its   mesial   boundary   developed   also   as   a   sharp   border,   parallel   to,
but  on  a  lower  plane  with,  the  outer  ramal  edge.

The   inferior   ramal   borders   are   rounded   for   their   entire   lengths,
merging   into   the   gently   upward   curved   symphysial   extremity   anteri-

orly, to  l)e  extended  behind  to  the  very  ends  of  the  articular  parts,
while   on   each   side   they   curve   towards   the   median   plane.   On   the
external   aspect  of   a   ramus  we  see  numerous  minute  foramina  arranged
roughly   in   two   longitudinal   rows.   Some   venated   markings   are   also
present.   No   ramal   fenestra   pierces   this   bone,   where   it   occurs   in   many
other   birds   ;   but   an   oblique   split   plainly   marks   the   site   where   it   was
sealed   over   during   the   development   of   the   mandibular   elements.   This
entire   external   surface   is   smooth   and   liat,   becoming   gently   convex
only   as   it   sweeps   beneath   the   articular   ends   behind.   As   I   have   said,
the   posterior   third   of   the   superior   ramal   border   is   somewhat   flattened
with   rounded   inner   and   outer   margins.   To   the   rear   of   the   middle   of
this   third,   the   fairly   well-developed   coronoid   processes   are   seen.
They   consist   of   a   series   of   three   points   in   a   row,   on   each   side,   one
behind   the   other,   the   anterior   being   the   largest,   the   other   two   grad-

ually diminishing  in  size.
The   mesial   aspect   of   either   ramus   is   longitudinally   concave   for   its

anterior   third,   while   behind,   it   becomes   flattened,   to   finally   pass   be-
neath the  articular  extremity,  facing,  as  it  does  so,  downwards  and

towards  the  median  plane.
Viewed   from   above,   we   find   the   symphysis   concave   and   more   than

a   sixth   the   length   of   the   bone.   In   the   median   line   behind,   between
the   ramal   sides,   it   sends   backwards   a   spike-like   process,   nearly   2   cm.
long,   which   we   may   call   the   posterior   symphysial   process,   this   is
present   in   A.   candidissiina,   but   absent   in   some  specimens  o{  Nycticorax.
We  also  see  it   in  very  old  Albatrosses.

The   articular   ends   above,   are   generally   concave,   but   two   small   con-
vexities occur  on  the  oblique  line  that  crosses  in  front  of  the  central

pit.   A   circular   pneumatic   foramen   is   seen   at   about   where   it   occurs
in   the   majority   of   birds   where   it   is   present.   The   hinder   ends   of   these
articular   extremities   are   obliquely   truncate,   (Fig.   5),   the   faces   looking
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backwards,   upwards,   and   a   little   outwards.   In   the   Yellow-Crowned
NMght  Heron  these  ends  are  cut  squarely  across,  and  are  obliquely  con-

cave. In  A.  candidissima  they  are  very  much  as  in  the  Night  Herons,
though   deeper   from   above   downwards,   less   concave,   and   face   rather
more   outwardly.   Otherwise   the   mandible   of   this   Heron   resembles   in
every   particular   the   bone   as   found   in   the   representatives   of   the   genus
A)dca.

As   we   might   expect,   it   is   built   upon   the   same   type   also,   in
Nvcficorax,   differing   in   no   very   essential   particular.   It   is   propor-

tionately shorter,  stouter,  and  more  obtuse  ;  the  ramal  vacuity  is  filled
ill  here  also.

There   seems   to   be   no   exception   to   the   rule   that   all   Herons   have
the   glossohyal   of   the  //)w'</  <?/'Md'j-  in   cartilage,   (Fig.   6).   Careful   ex-

amination made  with  a  good  lens  fails  also  to  disclose  to  me  the
slightest  trace  of  osseous  tissue  deposited  in  the  cartilage  of  the  cerato-
hyals   of   adult   specimens   of   Ardea   herodias.   This   is   equally   true   of
./.   candidissima,   but   in   my   immature   specimen   of   Nyctcorax   I   find   a
distinct,   though   very   small   osseous   cerato-hyal,   on   either   side,   em-
l:)edded  in  the  cartilage  of  the  second  visceral  arch.

Fig.  8  dis.  Right  lateral  view  of  the  skull  of  Nycticorax  ttycHcorax  mrviiis.  Nat-
ural size,  adult;  drawn  by  the  author  from  a  specimen  collected  by  Dr.  Streets  at  San

iJiego,  California,  q,  quadrate  ;  /,  lacrymal  ;  mxp,  maxillo-palatine  ;  //,  palatine  ;  pt,
pterygoid.

The   first   basibranchial   is   compressed   from   side   to   side   in   the   Arde-
incE   generally,   with   the   posterior   aspect   of   the   hinder   end   fashioned
to   articulate   with   the   anterior   heads   of   the   cerato-branchials,   and   the
head   of   a   slender   styliform   second   basi  -branchial   of   no   great   length,
which   rides   above   them   in   the   median   line.   Each   cerato-branchial   is
a   long   delicate   rod   of   bone,   in   old   individuals   often   attaining   a   length

12
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of   5.8   cm.,   while   the   epibranchials   rarely   exceed   a   centimetre   and
a-half   in   length,   are   very   slight,   and   have   their   hinder   ends   prolonged
by   needle-like   tips   of   cartilage,   a   condition   vi^hich   also   obtains   with
the  end  of   the  second  basibranchial   or   urohyal.

A  specimen  of  the  Snowy  Egret  before  me  has  the  bony  parts  of  the
ear   so   well   preserved   that   I   am   enabled   to   see   the   elliptical   stapedial
plate,   and  the   delicate   bony  rod  of   the   mediostapedial   part   of   the   ap-

paratus. The  sclerotal  plates  of  the  eye  are  elongated  and  rather  nar-
row, they  average  from  thirteen  to  sixteen  in  Ardea  herodlas.

Before   entering   upon   the   remainder   of   the   axial   skeleton,   I   will
take   this   0[)portunity   to   further   say   that   the   tracheal   rings   also   ossify
as   in   other   birds.   Comparatively,   the   tube   seems   to   be   of   small   cali-

bre, and  I  think  one  would  rather  be  lead  to  look  for  a  larger  wind-
pipe in  so  big  a  bird.

Of   the   Vertebral   Column;   Ribs.  —  (Figs.   25,   26,   and   27.)   In   the
Great   Blue   Heron   the   atlas   is   not   large,   when   taken   in   comparison
with   the   size   attained   by   other   vertebras   in   the   column,   as   for   in-

stance the   nineteenth.   Its   cup  for   the   condyle   is   notched  above,
and  on  either  side  of  the  neural  arch  superiorly,  the  usual  blunt  processes
are   thrown   backwards   (Fig.   25).

The  axis   of   this   bird  is   a   very  irregular   bone,   and  a   difficult   one  to
describe   without   resorting   to   tedious   detail.   For   this   reason   I   have
added  to  my  illustrations  a  figure  presenting  the  appearance  of  this  bone
on   direct   lateral   view.   It   will   be   seen   that   the   "odontoid   process"
is   quite   large,   being   perfectly   flat   above   and   convex   below.   The   cen-

trum is  deep  ;  thinned  in  its  center  by  the  lateral  concavities,  beneath
which,   its   lower   margin   is   carried   by   a   gentle   curve   from  the   articular
surface   at   one   end   to   the   articular   surfece   of   the   other.   An   elongated
neural   crest   adds   another   curvature   to   the   bone   above.   The   facets   of
the   post-zygapophyses   face   directly   downwards,   and   the   entire   bone   is
much   compressed   from   side   to   side.   From   the   third   to   the   sixth,   the
vertebrte  are  much  elongated  ;  their  general  pattern  being  seen  on  side
view   in   Fig.   27.   Along   the   median   line   of   their   neural   arches   above,
these   bones   are   thin   and   sharp.   Their   several   articular   facets   are   so
arranged  that   they   only   permit   the   head  to   be   bent   forward  and  back
again.

The   neural   canal   in   them   is   small   and   circular   on   section.   The
"   vertebral   canal   "   is   present   in   all,   being   longest   in   the   third   verte-

brae and  shortest   in   the  sixth  ;   owing  to   the   manner  in  which  the
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jjarapophyses   assert   thcmscKes.   'I'his   is   done   by   a   foramen,   which
exists   opposite   the   nii(hlle   of   tlie   canal   in   its   lateral   wall   ;   this   elon
gates   in   the   vertebri\;   from   third   to   sixth,   in   a   backward   direction
until   it   cuts   through   the   hinder   and   outer   margin   of   the   vertebral
canal   of   the   sixth   vertebra.   Then   a   long   pair   of   i)arapophyses   is   the
result,   they   being   very   short   and   bhuit   in   the   third,   fourth   and   fifth
vertebr;\;,   and   only   become   sizable   in   the   sixth   when   overtaken   and
developed  by   the  advance  and  breaking  through  of   the   foramen  in   the
manner   indicated.

A   large   covered   "carotid   canal"   is   seen   in   the   seventh   to   the   thir-
teenth cervical  vertebras  inclusive;  a  slight  deficiency  taking  place  in

the   wall   of   the   last,   in   the   median   line   beneath   (A.   hcrodias).   It   is
the  most  anterior  part  of   each  of   these  segments,   and  they  are  further
characterized  by  being  shorter   and  stouter   than  the  last   four   described.
The   pneumatic   foramina   of   these   vertebne   are   chiefly   within   the
neural   canal,   piercing   its   upper   wall   posteriorly.   From   the   fourteenth
to   the   seventeenth   inclusive,   these   vertebrae   are   gradually   changing   in
form   and   character   to   resemble   finally   those   of   the   dorsal   region.   The
fifteenth   is   the   first   to   show   a   high   neural   crest,   with   spreading   dia-
pophyses  at  the  fore  part  of  the  vertebra,  while  the  vertebrarterial  canal
increases   in   calibre.

The   neural   crests   or   spines   of   the   seventeenth   and   eighteenth   are
thick   and   long,   and   interlock   \\\\\\   each   other   by   an   extensive   joint.

In  the  ei^^hteenth  vertebra  we  observe  for  the  first  time  a  free  pair  of
pleurapophyses,   with   very   short   bodies,   but   still   articulating   by   tuber-
cula  and  capitula.

Professor   Owen,   in   speaking   of   the   movement   of   these   vertebra   of
the  cervical   region  upon  one  another,   says   :   "   This   mechanism  is   most
readily   seen   in   the   long-necked   waders   which   live   on   fish   and   seize
their   prey   by   darting   the   bill   with   sudden   velocity   into   the   water.   In
the   common   Heron,   for   example,   {Ardea   ci/ierea),   the   head   can   be
bent  forward  on  the  atlas  or  first  vertebra,  the  first  upon  the  second  in
the   same   direction,   and   so   on   to   the   sixth,   between   which   and   the
fifth   the   forward  inflection   is   the   greatest  ;   while   in   the   opposite   direc-

tion these  vertebrae  can  only  be  brought  into  a  straight  line.  From
the  sixth   cervical   vertebra   to   the   thirteenth   the   neck   can   only   be   bent
backward   ;   while   in   the   opposite   direction   it   is   also   arrested   at   a
straight   line   ;   from   the   fourteenth   to   the   eighteenth   the   articular   sur-

faces again  allow  of  the  forward  inflection,  but  also  limit  the  opposite
motion   to   the   straight   line."       (Anat.   of   Verts.,   Vol.   ii,   p.   39.)
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This  is   precisely  what  1  find  in  examining  the  same  vertebrae  in  the
neck  of   Ardea  herodias.   It   can  best   be  studied  in   the  neck  of   a   fresh
specimen   from   which   the   skin   has   been   removed,   with   the   skeleton   of
the   neck   of   another   individual   at   hand   for   comparison.

The   skeleton   of   the   neck   in   Nycticorax   differs   in   many   particulars
from   that   of   Ardca   :   a   number   of   these   points   only   become   evident
after   carefiil   comparison,   and   will   not   be   taken   up   in   detail   here.
Others   show   a   profound   difference   in   organization,   such   as  —  the   first
pair   of   free   pleurapophyses   occurring   on   the   seventeenth   vertebrae   in-

stead of  on  the  eighteenth  as  in  Ardea;  the  third,  fourth,  fifth  and
sixth   vertebrae   are   not   elongated   as   in   Ardea.   but   show   the   simple
gradation   in   size   down   the   cervical   chain   :   finally,   the   inferior   wall   of
the   carotid   canal   is   open   in   the   last   four   vertebrae   through   which   it
passes,   in   Nycticorax,   and   only   in   the   last   in   Ardea   herodias.

Returning   to   the   nineteenth   vertebra   in   the   Great   Blue   Heron,   we
find   that   it   has   a   high   quadrate   neural   crest   or   spine   which   interlocks
by  a  free  joint  with  the  one  behind  ;  it  sends  down  a  pair  of  ribs  that
articulate   with   the   sternum  through  the   intervention  of   a   pair   of   costal
ribs.   The   metapophyses   are   short   and   stumpy,   barely   reaching   be-

yond the  transverse  processes.  The  bone  has  no  descending  hyapo-
physis,   though  a   line   marks   the   longitudinal   center   of   the   centrum  be-

low. This  fades  away  gradually  on  the  remaining  vertebrae.  A  large
pneumatic   foramen   pierces   the   bone,   on   either   side,   behind   the   trans-

verse process,  and  the  cavities  to  which  they  lead  seem  to  occupy  all
parts  of  the  bone.

In   the   next   four   vertebrae   we   see   but   little   change   ;   they   are   all
free   elements   ;   the   neural   spines   do   not   decrease   any   in   height,   but
they   become   shorter   from   before,   backwards,   shortest   of   all   in   the
twenty-third  or   the  last   free  vertel^ra,   before  we  reach  those  united  as
one   bone   in   the   pelvis.   Through   this   "dorsal   region"   the   neural
canal   of   a   Heron   is   strikingly   small,   even   small   in   proportion   with
the   size   of   the   vertebra.   The   transverse   processes   are   narrower   antero-
posteriorly   as   we   proceed   backwards,   but   at   the   same   time   reach   out
further   from  the   side   of   the   vertebra   As   we   proceed   towards   the   pel-

vis we  note  also  that  the  facet  for  the  head  of  the  rib  gradually  ap-
proaches the  anterior  part  of  the  centrum  of  each  vertebra,  but  finally

does   not   cpiite   reach   the   anterior   margin   of   the   side   of   the   neural
canal   in   the   ultimate   segment.   A   line   joins   this   facet   in   each   case,
with   the   facet   for   the   tubercle   of   the   rib,   which   is   at   the   outer   pos-
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terior   angle   of   the   diapophysis.   On   either   side   of   the   beam   thus
formed   very   large   pneumatic   openings   are   seen   in   these   ultimate   ver-
tebriB,   and   the   trabeculcc   spanning   the   cavities   within   are   plainly   in
view.

Four   pairs   of   h:v;mapophyses   articulate   with   the   borders   of   the   ster-
num in  all  of  the  Herons  that  1  have  thus  far  examined  ;  the  fifth  pair

not   reaching   this   bone,   but   articulating   with   the   hinder   margins   of   the
last   sternal   pair.   The   slender   i)air   of   ribs   that   claim   this   last   pair   of
hgemapophyses   articulate   with   the   twenty-fourth   vertebra   and   it   is
the  first  one  that  anchyloses  to  form  a  part  of  the  pelvis.

The  last  two  pairs  of  vertebral  ribs  are  without  epipleural  appendages,
and  even  when  these  processes  do  occur  on  the  ribs  they  are  very  weak
and   freely   articulated   with   the   border.   Herons   have   very   frail   ribs   at
the   best,   a   fact   that   strikes   one   the   moment   we   examine   the   thoracic
skeleton  of  one  of  these  birds.

The   seventeenth   vertebra   having   a   small   pair   of   free   ribs   in   the
Yellow-Crowned   Might   Heron,   we   find   has   a   still   longerand   better   de-

veloped pair  on  the  eighteenth  in  this  species,  and  yet  another  free  pair
on   the   nineteenth.   These   latter   have   epipleural   appendages,   although
they   do   not   meet   the   sternum   by   costal   ribs   below.   This   gives   three
pairs  of  free  ribs  to  Nycticorax  ;  four  pairs,  as  in  other  Herons,  that  meet
true  sternal  ribs  ;  and  a  pair  from  the  pelvis,  to  which  is  attached  false
floating   ribs,   or   a   pair   of   those   that   articulate   with   the   hinder   borders
of   the  preceding  sternal   pair   proper.

In   Ardea   hfrodias   and   A.   candidissima,   the   second   pair   of   free   ribs
support   epipleural   appendages,   low   down   on   the   bone.

For   the  moment   I   must   now  be  permitted  to   defer   our   further   con-
sideration of  the  vertebral  column,  until  the  sternum  and  pectoral  arch

have   been   disposed   of.   After   that   I   will   return   to   the   examination   of
the   pelvis   and   coccygeal   vertebrae,   upon   the   completion   of   which   the
appendicular   skeleton   will   finally   engage   our   attention.

Of   the   Sternunt.  —  (Figs.   7,   8,   9,   31,   and   32.)   Upon   direct   jjec-
toral  view,  the  sternum  of  Ardea  herodias  is  seen  to  be  broader  in  front
than   it   is   behind   ;   this   is   due   to   the   projection   from   the   former   end
of   the   large   costal   processes   on   either   side,   or   otherwise   the   bone  on
this   aspect   would   have   a   nearly   regular   quadrilateral   figure.

The   xiphoidal   extremity   is   doubly   notched  —  a   broad   triangular   in-
dentation deeply  entering  upon  either  side.  This  gives  rise  to  outer

xiphoidal   processes,   each   of   which   point   directly   backwards,   and
have   simply   rounded   extremities.
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Evenly   convex   throughout,   the   sternal   body   shows   but   three   pairs
of   lines  upon   this    view — the  pair    of   muscular    lines  of   the   pectoral

Fig.  9.  Below  is  an  anterior  view  of  the  sternum  of  Ardea  herodias,  showing
the  decussation  of  tlie  coracoidal  grooves.  Above,  lifted  from  their  position,  are  the
coracoids  with  dotted  line  showing  the  extent  to  which  they  decussate.  The  scapulae
are  articulated  above  these,  but  the  n.  fiircula  has  been  removed.  Natural  size,  and
the  bones  from  the  same  specimen  as  Fig.  8.

muscles   ;   the   subcostal   lines   ;   and   a   pair,    each   oiie   of   which    com-
mences at  the  middle  point  of  the  inner  border  of  the  xiphoidal   in-



Shukklut   :     Osteology   nv   the   Hkrodioxes. 183

dentation,   to   he   carried   forwards   and   inwards   to   the   carina,   meeting
the  hinder  ends  of   the  pectoral   lines.

Anteriorly,   we   are   enabled   to   see   the   under   side   of   the   pointed
manubrium,  and  the  coracoidal  beds,   and  gain  some  idea  from  the  dis-

similarity of  the  parts  on  the  two  sides  of  the  former,  of  the  method
of  decussation  of  the  latter.

The   anterior   third   of   the   lateral   margins   of   the   body   of   the   ster-
num .show  also,  upon  this  view,  the  little  rounded  elevations  indicating

the   position   of   the   articular   facets   for   the   hccmapophyses.
The  keel   fails   to  reach  quite  to  the  end  of   the  sternal   body  behind,

but   is   brought   far   up   in   front,   commencing   immediately   beneath   the
manubrium.

Fig.  io.  Right  lateral  view  of  the  coracoid  and  scapula  of  Ardea  herodias.
Natural  size  from  the  specimen.

Owing  to  the  decussation  of   the  coracoidal   grooves,   it   depends  upon
which   side   of   the   sternum   we   view,   as   to   how   this   part   of   the   bone
appears.   In   the   drawing   the   right   lateral   view   is   presented,   and   in
this   particular   specimen   the   coracoidal   groove   seems   to   have   a   deep
triangular   notch   in   it.   Had   we   seen   it   the   other   way,   the   groove
would   appear   as   if   it   ran   in   one   continuous   belt   around   this   anterior
part  of  the  bone.
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Upon  this   aspect,   the   manubrium  is   seen   to   project   directly   forward
as   a   straight   process.   Below   it,   the   anterior   carinal   margin   is   sharp,
being   concave   forwards   above,   and   straight   below.   The   carinal   angle
is   rounded.   Muscular   lines   are   barely   seen   on   the   side   of   the   keel,
the   surface   here,   as   it   is   on   the   sternal   body   above   it,   smooth   and
polished,   the   bone   becoming   only   slightly   thicker   anteriorly   below   the
coracoidal   beds.

The   keel   is   bounded   inferiorly   by   an   elegantly   curved   margin,   ex-
tending from  the  carinal  angle  to  nearly  the  end  of  the  sternum

(Fig.   8).   We   are   now   better   enabled   to   see   the   haemapophysial
facets,   with   the   deep   concavities   between   each   and   its   neighbor.   As
in   so   many   birds,   these   interarticular   cavities   are   the   favorite   sites   of
the   pneumatic   foramina,   and   they   are   seen   to   be   numerous   here,   oc-

cupying the  bottoms  of  the  pits.  For  the  rest  of  the  border  behind,
it   is   sharp   and   continuous   with   the   upper   border   of   the   xiphoidal
process,   of  which  I   also  give  a  side  view.

As   a   whole,   the   costal   process   is   triangular,   with   its   apex   at   the
summit  of  the  bone.

Seen   directly   from   above   the   asymmetry   of   the   two   sides   of   the
anterior   border   again   becomes  apparent,   due  to   the   method  of   articu-   .
lation   of   the   coracoids.   A   rounded   notch   exists   in   the   median   line,
flanked  by  a  long  facet  on  the  right  of  it,   and  one,  only  half   the  size,
on   the   left.   The   manubrium   is   now   seen   to   be   triangular,   with   its
surface  flat  and  smooth.

Well   within   the   anterior   boundary   of   the   body   of   the   sternum,
upon   this   superior   aspect   of   the   bone,   we   observe   a   single   elliptical
foramen  of   some  size,   situate   in   the   median  line,   as   is   its   major   axis.
This   leads   to   cavities   in   the   thickened   part   of   the   front   of   the   carina,
already  alluded  to  in  a  paragraph  above.

From   anterior   border   to   xiphoidal   extremity,   and   from   summit   of
costal   process  to  summit  of   costal   process  this  sternum  is   one  general,
and   by   no   means   shallow,   concavity.   There   are   no   interruptions   of
surface,   and   all   these   parts   enter   into   the   conformation   of   the   basin.

For  the  most  part  it   is   smooth,  and  it   is   only  in  front  that  the  sur-
face seems  to  be  roughened  by  some  peculiar  little  granulations.  Fig.

9   being   a   direct   anterior   view   of   the   sternum   of   this   Heron,   the
decussation   of   the   coracoidal   grooves   is   now   best   seen.   The   right
one,   (the   left   in   the   drawing)   being   the   lower   anteriorly,   and   running
out   over   the   top   of   the   manubrium,   while   the   left   one,   being   the
higher,   crossing  it   in   front.
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So  far  as  I  have  examined,  this  is  the  method  of  decussation  in  each
instance,   i.   e.,   the   right   hand   groove   being   the   one   that   passes   over
the  superior   manubrial   surface.

It  is  just  possible  that  this  crossing  of  the  coracoids  may  have  arisen
in   the   habit   of   the   ancestors   of   the   present   Herons,   of   passing   con-

stantly through  very  narrow  places,  as  dense  cane-brakes,  or  such
other   growths   of   analogous    character,   where   they   probably    resorted

Fig.  II.      Left  lateral  view  of  tlie  fiircula  of  Ardca  herodias.
Fig.  12.     The  same  bone  from  in  front.      Natural  size,  and  from  the  same  skeleton

as  shown  in  figures  8,  9,  and  10  and  others.

and   spent   the   major   part   of   their   time.   There   would   undoubtedly
be   an   effort   made   many   times   a   day   to   compress   the   body   and
diminish   its   general   bulk   in   a   transverse   direction,   in   such   situations.
Moreover,   the   coracoids   (if   arranged   as   in   most   birds)   would   consti-

tute  the  principal   obstruction  to   such  comjiression  ;   and  it   certainly
lessens  the  width  of  the  bird's  body  to  have  them  crossed  as  they  are
in   the   Herons.   If   we   commence   sufficiently   early   in   the   life   of   the
individual,   bones   and   the    normal    position   of   bones   may   be   altered
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very   materially   by   gradual   pressure,   differently   applied   ;   then,   why
not,   we   ask,   during   the   lapse   of   time,   may   not   this   result   have   been
brought  about  in   this   way?  It   is   hard  to  say,   for   even  if   it   has  been,
then  what  are  we  to  say  about  its  being  absent  in  some  of  the  Rallidx,
and   present   again   in   such   forms   as   Polyborus   cheriway   and   several
other   Accipitres?   I   rarely   see   in   any   of   the   old-fashioned   engrav-

ings, representing  with  the  appropriate  surroundings  below,  the  noble
falcon   striking   his   prey,   the   doomed   Heron,   in   mid-air,   that   this
peculiar   and   unique   condition   of   the   coracoids,   present   in   both   the
Hawk   and   his   quarry,   does   not   come   into   my   mind.   Both   are   des-
mognathous   birds,   yet   it   would   hardly   seem   possible   related   through
any   such   character   as   this,   arisen   however   it   may.   Still   we   are   begin-

ning to  catch  glimpses  of  the  affinities  of  the  Herodiones,  and  mor-
phology has  much  yet  to  bring  to  light  in  the  premises.  Fig.  9  shows

these   decussations   of   the   coracoids   very   well,   and   the   difference   in
width   of   the   hinder   and   anterior   parts   of   the   bone,   is   well   shown  by
the   relative   positions   of   the   xiphoidal   and   costal   processes   ;   the   thick-

ness of  the  front  part  of  the  carina  now  becomes  evident,  seen  from
this  point  of  view.

The   coracoids   and   scapulre   which   I   have   taken   the   opportunity   to
show  above  will   be  treated  of   under  the  head  of   the  pectoral   arch.   At
the   lower   and   inner   angles   of   the   coracoids,   the   dotted   line   indicates
the  amount  of  decussation  of  these  bones  when  in  situ  in  their  grooves
on  the  sternum.   In   ^.   candidissima  the  sternum  differs   from  that   bone
in  Ardea  herodias,  as  I  have  described  it  above,  in  only  the  most  insig-

nificant minor  details  ;  indeed,  in  all  essential  particulars,  it  is  the
veriest   miniature  of   the  latter  bone.

With   Nycficorax,   although   the   principal   features   of   a   Heron's   ster-
num are  still  there,  yet  a  comparison  of  Figs.  8  and  32  will  show  that

the  bone  has  departed  somewhat  from  the  type  form  as  seen  in  Ardea.
The   keel   is   comparatively   much   deeper   in   front   and   slopes   up   far
more   rapidly   behind   ;   the   manubrium   bears   a   laterally   compressed
plate  on  its   anterior  extremity,   which  is   as  long  as  the  part   which  cor-

responds to  the  triangular  portion  in  Ardea.
Finally,   the   main   pneumatic   foramen,   over   the   keel   anteriorly,   is

very   much   larger.   This   may   contract   more,   however,   in   specimens
other  than  the  one  I   have  in  hand,  and  in  any  event  is  a  character  of
very   trivial   importance.

Of   the   Pectoral   Arch.  —  Comparatively     speaking   the    coracoid   of
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the   Great   Blue   Heron,   is   a   large   bone.   Its   sternal   extremity   is   much
spread   out   and   cjuite   thin   and   plate-like.   Articular   surfaces   occur   on
both   aspects   of   this   end   of   the   bone,   for   the   fellow   of   the   opposite
side   and   the   sternum.   One   would   think,   and   naturally,   that   these   ex-

tremities of  the  coracoid  would  be  quite  unlike,  from  the  fact  that  they
cross   each   other   in   articulation,   and   are   fitted   in   differently   directed
grooves  on  the  sternum.      Such,  however,  is  not  the  case,  for  with  the

Fig.  13.  Dorsal  view  of  the  pelvis  of  Ardea  herodias.  Natural  size,  and  drawn
by  the  author,  as  in  the  case  of  all  the  other  figures,  from  the  skeleton  of  the  same
specimen.

sole   d   fference   of   a   slight   asymmetry   of   the   articular   facets,   these
bones  are  no  more  unlike  than  we  find  them  in   the  majority   of   birds.

The   shaft   of   a   coracoid   is   slender   and   somewhat   laterally   com-
pressed, a  compression  that  is  extended  to  the  head  of  the  bone,  where

it   becomes   decidedly   marked.   The   summit   of   the   bone   being   capped
with  a   tuberous  crown  which  curls   over   mesiad,   and  extends  backwards
to   merge   into   the   glenoid   cavity.   This   latter   is   ample   and   fully   two-
thirds   of   the   surface   is   afforded   by   the   coracoid.   The   scapula   process
with  the  line  of  its  articular  surface  at  right  angles  to  the  long  axes  of
both  bones,  is  no  larger  than  is  just  necessary  to  accommodate  the  head
of  the  scapula.

It   never   meets   the   furcula   in   any   of   the   Herons   that   I   have   seen,
and  in  all   of  these  birds  the  bones  of  the  pectoral  arch  are  completely
non-]jneumatic.

The   coracoid   of   A.   candidissima   differs   in   no   particular   from   the
bone   I   have   just   described    for   Ardea   herodias   :   while    though   Nycti-
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corax  also  agrees  in  this  respect  with  these  birds  in  the  main,  it   differs
in   having   the   inner   angle   of   the   expanded   sternal   end   of   the   right
coracoid  truncate,  instead  of  being  drawn  out  into  a  point  as  the  fellow
of  the  opposite  side  is.   This  is  due  to  the  fact  that  the  groove  on  the
sternum   has   that   shape   in   the   Yellow-Crowned   Night   Heron.

The   scaf>/tl(i   among   the   Ardeiiue,   generally,   is   a   long   narrow   bone,
with   but   a   slight   curvature   from   head   to   distal   extremity.   This   latter
is   simply   rounded   off   in   A.   herodias   and   in   the   Snowy   Heron,   but   in-

clined to  be  slightly  truncate  in  Nycticorax.  In  the  Great  Blue  Heron
the   head   of   the   scapula   is   compressed   from   above,   downwards,   and
much   expanded   in   a   transverse   direction.   Mesially   it   curls   up   a   little
to   preserve   the   contour   of   the   "tendinal   canal,"   while   on   the   opposite

Fig.  14.  Right  lateral  view  of  the  pelvis  of  Ardea  herodias.  Natural  size  from  the
specimen.

side,   it   supports   an   oblique,   elliptical   articular   facet,   constituting   one-
third   of   the   glenoid   cavity.

Among   the   Herons   the   furcula,   or   the   united   clavicles,   is   a   very
interesting  bone  in   one  or   two  particulars.

In  figures  11  and  12  I  present  two  views  of  this  part  of  the  pectoral
arch   of   A.   herodias,   taken   from   a   specimen   in   my   own   collection,   it
being   the   same   individual   from   which   all   the   drawings   were   made
which  illustrate  this  species.  I  would  do  this,  even  if  a  hundred  skeletons
of  the  same  species  were  at   my  command,  as  it   is   better  in  many  re-

spects. One  of  the  chief  reasons  is  that  each  skeleton,  even  among
birds,   has   its   own   individuality,   and   ought   to   furnish   all   the   figures   if
possible   in   any   type   monographed.   The   head   of   the   clavicle   in   this
Heron  is  tuberous,  rather  thickened,  and  evenly  rounded  off  at  its  end.
When  articulated  with  the  other  bones  of   the  arch,   its   superior  border.
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([uite   close   to   this   extremity,   rests   against   the   under   side   of   the   pro-
jecting summit  of  the  mesial  aspect  of  the  coracoid.  The  rounded

end   of   the   furcula,   from   this   point,   reaches   back   a   sufficient   distance
to   barely   escape   touching   the   mesial   and   up-curled   side   of   the   scap-

ular head,  that  to  all  intents  closes  the  tendinal  canal  by  bony  walls  ;
its   complete   closure   is   really   effected   by   the   short   ligament   that   holds
these   two   bones   in   situ   at   this,   their   nearest   point   of   approach.   In
some  birds,   as   for   instance  certain  diurnal   Raptores,   the  canal   is   closed
by   the   head   of   the   furcula   reaching   the   tip   of   the   clavicular   process
of   the   coracoid.   From   the   head   of   the   bone   to   the   hypocleidium   a
gradual   reduction   in   size   takes   place,   while   the   lateral   compression   is
sustained  throughout,  at  any  rate  within  a  short  distance  from  the  latter
part.

Now  the   hypocleidium  of   the   clavicles   in   Ardea  iierodias,   as   in   other
Herons,   consists   of   both   an   inferior   and   a   superior   process   (Figs,   ii
and   12),   both   being   in   the   .same   line.   In   our   present   subject   the
upper   one   is   the   larger   of   the   two,   while   their   common   surface   an-

teriorly is  smooth  and  flat.  Behind,  it  is  rounded  and  marked  by  a
longitudinal   raised   line.   This   latter   feature   \\\   Nycticorax   is   raised   to
the   rank   of   a   well-developed  crest,   and  the   lower   process   in   this   bird,
equals   the   upper   in   length,   and   as   a   whole   is   comparatively   slenderer

Figure   34   gives   a   three-cjuartering-   view  of   the   furcula   of   my  sj^eci-
men   of   .'^.   candidissima.   It   will   be   observed   that   it   differs   in   no   im-

portant particular  from  Ardea,  though  the  anterior  surface  of  the
lower   process   of   the   hypocleidium   is   longitudinally   grooved,   a   feature
which,   by   the   way,   I   neglected   to   say,   is   faintly   indicated   in   the
latter  Heron.

A  glance  at  any  of  the  figures  representing  this  bone  in  the  Ardeiiice,
is   sufficient   to   satisfy   one   that   it   is   a   very   different   affair   from   the
corresponding   part   of   the   pectoral   arch   in   such   forms   as   Siila,   Phala-
crocomx,   or   Pelecamis.   In   these   latter   types   the   united   clavicles   arch
backwards   to   meet   the   carinal   angle   of   the   sternum,   here   to   articu-

late  with   it,   or   even  as   in   Tachxpetes   and  very   old   Cormorants   to
anchylose   with   it.   The   lower   part   of   the   furcula   in   Herons,   is,   on
the   other   hand,   turned   forwards   from   the   sternum,   assuming   a   curve
not  often  seen  among  birds.

Anatomists   have   termed   the   clavicular   head   in   birds,   the   epiclei-
dium,   and  this   end  of   the   bone,   according  to   Professor   Parker,   ossifies
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as   a   separate   piece   in   some   forms,   notably   tlie   Passerine   birds,   and
may   be   compared   with   the   pro-coracoid   of   reptiles.   Not   having   a
young,   or   rather   a   sufficiently   young   enough   Heron,   at   hand,   I   am
unable   to   investigate   the   pectoral   arch   with   the   view   of   ascertaining
how   the   development   proceeds   in   the   case   of   the   forms   under   con-
sideration.

Professor  Owen,  in  calling  attention  to  the  relation  between  the  hypo-
cleidium  of   the  clavicles  and  the  carinal   angle  of   the  sternum,  in  other
birds  says  :   "  The  ])rocess  itself  reaches  the  sternum  and  is  anchylosed
therewith   in   the   Pelicans,   Cormorants,   Grebes,   Petrels,   Frigate-
bird,   and   Tropic-bird,   also   in   the   Gigantic   Crane,   and   the   Storks
in   general."   I   am   compelled   to   take   this   statement   with   a   little

caution  —  as   it   does   not   always   anchylose   in   the   Cormorants,   fails   to
do  so  in   a   number  of   the  Podicipididce,   as   in   Clark's   Grebe  ;   and,   so
far  as  I  am  aware,  rarely  in  the  ProcellariidiV  ;  I  have  one  or  two  e.x.-
ceptions  before  me  ;  the  least  tendency  to  form  such  a  union  being  seen
in   the   Grey   Fork-Tailed   Petrel,   (^Oceanodroiiia  fiircata)  .

In   all   of   these   forms,   however,   the   hypocleidium  is   in   more   or   less
intimate   relation   with   the   anterior   border   of   the   keel   of   the   sternum.
I   have   examples   where   the   closeness   of   the   contact   is   very   intimate
and   requires   special   investigation   to   determine   whether   true   anchylosis
really   exists   or   not.   This   is   so   even   in   Oceanodronia   and   Colymbus
sometimes.   I   have   several   skeletons   of   the   former   before   me,   but   I
have   figured  one  where   it   was   the   least   so.   No  doubt   these   facts   ac-

companied by  the  lack  of  good  material  led  Professor  Owen  to  make
the   above   statement.   It   holds   good   for   our   United   States   Gruidce,   as
Griis   canadensis,   and   G.   ainericanus,   but   not   for   Arainus.

Of   t/ie   Fch>is   and   Coccygeal   Vertebm.  —  Many   years   ago   I   made
a   number   of   anatomical   drawings   for   Professor   Coues,   these   now
illustrate   his   admirable   "Key   to   North   American   Birds,"   2nd   Edi-

tion. Among  these  drawings  I   figured  the  under  view  of  the  pel-
vis  of   A.   hcrodias,   the   bone   now   to   be   described.   It   is   figure   60,

in   the   work   cited   and   as   the   present   memoir   contains   two   other
views   of   this   pelvis   (Figs.   13   and   14)   I   have   intentionally   drawn
them   from   the   same   specimen,   which   I   was   so   fortunate   as   to   still
have  by  me.

The   twenty-fourth   vertebra   of   the   spinal   column   of   this   heron   is
the   anterior   one   of   the   series   that   becomes   incorporated   by   complete
anchylosis   with   those   neighboring   bones   which   go   to   form   the   pel-
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vis.   Indeed,   so   far   as   I   have
been  able  to  examine,  it  is  this
vertebra   throughout   the   Ar-
(icincc   that   holds   this   place.
(See  Fig.    14  /vV. )

This   twenty  -fourth   vertebra
possesses   a   pair   of   free   ribs
which   have   already   been   de-

scribed above  ;  its  neural  spine
is   continuous   with   the   com-

mon median  crest  of  the
others   behind   ;   and   its   broad
diapophyses   meet   the   under
side  of  the  ilia,  on  either  side,
to   anchyloes   with   them.   As
in   the   remainder   of   the   pelvic
series   of   vertebrae,   this   bone
is   highly   pneumatic,   the   for-

amina entering  the  bones
much   in   the   same   manner   as
we   found   them   doing   in   the
dorsal  region.

The   next   four   vertebrae   be-
hind the  twenty-fourth,  or  the

twenty-fifth,   sixth,   seventh   and
eighth,  throw  up  apophysial  ab-

utments against  the  iliac  walls,
to   completely   fuse   with   them.

After   we   pass   the   twenty-
eighth   we   suddenly   meet   the
pelvic     basin   proper   which    is

Fig.    14   bis.     The  ventral   aspect  of  the
pelvis  of  Aritea  her  dias.     By  the  author,  and
natural    size    from  the  specimen.      //,  ilium  ;

here  deep  and   ample  ;    the  ap-     h,  ischium  ;  P,  post-pubic  style  ;  ol>,  obturator
Ophyses  of  the  three   next  sue-     foramen;  ac,  external  aperture  of  acetabulum

,        (indicated  by  arrow  entering  it)  .  dl.ceeding      vertebrae,     or
dorso-

lumbar  vertebrae ;  sc,  sacral  vertebra  ̂ ;  us,
twenty-ninth,   thirtieth,   and  uro  sacral   vertebra-  (probably   six   of   them),
thirty-first   are   thrown   so   di-

rectly  upwards   against   the   pelvic   bones,   that   they   can   not   be
seen   on   direct   ventral   aspect.   This   is   the   region   of   the   greatest
enlargement   of   the   neural   canal,   and   also   the   bones   through   which
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Ti^:iS.

Fio.!^

Various
/wrodias.

Fu;.  15,
V\r..  16,
Fig.  17
Fig.  18
Fig.  19.
Fig.  20
Fig.  21,
Fig.  22.
Fig.  23.
Fig.  24.
Fig.  25.
Fig  26.
Fig.  27,

bones  fiom  the  neck  and  the  iiL!;ht  upper  and    lower  extremities  of  Ardca
All  fiom  the  same  specimen,  and  natural  size.

Proximal  extremity,  right  lateral  view  of  the  tarso-metatarsus.
Same  bone  from  above.
Same  hone,  anterior  aspect  of  distal  extremity.
Same  extremity  seen  from  below.
Proximal  end  of  fibula  seen  from  above.

^Outer  aspect  of  fi])ula.
Proximal  end  of  tibia,  viewed  from  above.
Proximal  extremity  of  carpo-metacarpius,  inner  view.
Anterior  aspect,  proximal  third  of  tibia.
The  distal  extremity  of  the  same  bone,  anterior  view.
Left  lateral  aspect  of  atlas.
Same  view  of  the  axis.
Same   view   of   the   sixth   cervical   vertebra.   )
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it   passes   are   here   more   niassi\e   in   onler   to   contain   that   part   of
the   coril   fVoni   which   the   sacral   i)lexus   emanates.   The   foramina   from
which   they   issue,   on   either   side,   are   double,   being   placed   one   above
another.   This   obtains   also   in   at   least   four   of   the   vertebr;e   beyond
these  and  one  other  behind,  making  eight  in  all  whose  sides  are  pierced
by  these  double  foramina.

Apophysial   abutments   are   again   thrown   out   to   anchylos^   with   the
pelvic   bones   above   them,   by   the   thirty-second   to   the   thirty-seventh
vertebra   inclusive.   The   longest   pair   of   these   come   from   the   thirty-
second   vertebra,   and   thereafter   grow   gradually   shorter   as   we   proceed
backwards.

The  "   brim  of   the  pelvic   basin  "   is   continuous  with  the  processes  of
the   thirty-sixth   vertebra   posteriorly,   while   anteriorly   it   merges   with
the   posterior   border   of   the   transverse   processes   of   the   twenty-eighth.
This   boundary   has   a   rounded   and   well-defined   border   in   the   Great
Blue  Heron,   and  is   more  or   less   determinable   in   the  majority   of   birds.
When   viewed   from   above,   this   bone   presents   a   strikingly   smooth   and
unbroken   superficies  —  it   is   scarcely   marked   by   either   crests   or   ridges,
and   in   my   specimen   only   two   pairs   of   inter-apophysial   foramina   are
seen,  these  being  between  the  last  two  vertebree.

Anteriorly,   in   the   median   line,   the   neural   spine   of   the   twenty-fourth
vertebra  is   observed  to  project   as  a   tuberous  and  notched  process.

For   some  little   distance   back   of   this,   the   ilia   meet   on   either   side   of
this   common  neural   crest   sealing  over   the   ilio-neural   grooves   and  mak-

ing one  rounded  summit  for  this  part  of  the  bone.
The   anterior   margins   of   the   ilia   are   notched   and   scalloped,   and

bordered   by   a   somewhat   deep   and   slightly   raised   emargination.   Where
these   bones   are   broadest   in   front,   the   .   lateral   edges   are   quite   sharp,
but  as  the  pelvis   contracts   in   width  as  we  near  the  acetabula  they  be-

come rounded  and  smooth.   The   iliac   surface,   on   either   side,   thus
bounded,  is  at  first  directed  upwards  and  outwards,  but  as  it  approaches
either   acetabulum,   this   surface   gradually   comes   to   look   almost   directly
outwards.   Ilio-neural   grooves   exist   between   the   anterior   forks   of   the
gluteal   ridges   for   some   little   distance,   before   these   latter   and   well
defined   crests   are   lost   anteriorly   (Fig.   13).

Few   traces   or     markings   are   left   upon   the    inner   margins   of    the
postacetabular     surfaces  to    define    the    boundaries    which    originally
existed  between  the  vertebrae  and  the  iliac  bones  ;   they  are  best   seen
l)ehind.       For   the   most   part   though,   the   pelvic   roof   has   become    in

13



194 Annals   of   the   Carnegie   Museum.

the   adult   one   unbroken   surface  —  a   very   smooth   and   firmly-ossified
tract.

The   outer   angles   of   the   gluteal   ridges   are   rounded   and   project   im-
mediately over  the  antitrochanter  on  either  side,  from  which  point

each   ridge   runs   almost   directly   backwards   to   the   hinder   margin   of   the
bone.   This   latter,   as   a   whole,   is   concave   towards   the   posterior   aspect,
and  from  its  outer  angles  the  curved  and  inturned  pubic  bones  may  be
seen   pointing   towards   each   other,   their   tips   some   two   centimeters
apart.  •

Only  a  limited  part  of  the  surface  of  either  ischium  can  be  discerned
from  this  superior  view,  as  these  bones  behind  are  nearly  at  right  angles
with   the   overhanging   ilia.

Among  all   the  ArdeincB  that  I   have  had  the  opportunity  to  e.xamine,
the   post-acetabular   surface   is   about   equal   in   extent   with   the   pre-ace-
tabular   area.   In   the   former   the   general   surface   is   convex,   while   in   the
latter   it   is   concave   ;   the   boundary   between   them   I   place,   in   common
with   Owen,   at   the   line   of   the   gluteal   ridge.   The   post-acetabular   sur-

face slopes  downwards  from  a  line  joining  the  outer  gluteal  angles  ;
the   amount   of   which   declination   can   best   be   appreciated   by   a   glance
at   my  figure   of   the   side   view  of   this   pelvic   bone  (Fig.   14).

Fu;.  28.  Right  lateral  view  of  the  skull  of  Nylicorax  violarcus,  "bird  of  the
year"  (July).     Natural  size  from  a  Louisiana  specimen  collected  by  the  author.

Upon  lateral   aspect  the  centra  of  the  leading  vertebrae  may  be  seen
below  the   eaves   of   the   iliac   roof,   and  some  idea   gained  of   the   mass-
iveness   of   the   osseous   column  upon  which   the   pelvis   of   this   Heron   is
built.

The  acetabulum  is  large  and  circular,  with  its  floor  more  than  usually
deficient,   the   inner   ring   nearly    equalling   in   size   the   outer,   while   the
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anti-trochanterian   articular   surface   is   carried   by   them   both   as   it   passes
inwards.   I^xternally   this   facet   looks   downwards   and   only   slightly
outwards.

'I'he   iscJiiadic   foramen   is   large   and   subelliptical,   its   major   axis
being   parallel   to   the   line   of   the   outer   border   of   the   post-acetabular
surface,   which   here   arches   over   it.   Posterior   to   this   foramen,   the
broad   part   of   the   ischium   is   roughly   cjuadrilateral   in   outline,   and   for
the   most   jiart   smooth   and   slightly   concave.   It   is   nearly   at   right
angles   with   the   iliac   surface   above   it.   In   this   Heron   the   obturator
foramen   is   far   from   complete   or   deserving   the   name   of   a   foramen.
Nearly  its  entire  posterior  arc  is   deficient,   and  the  opening  thus  created
leads  into  the  obturator   space,   which  latter   is   found  beneath  the  entire
lower   margin   of   the   ischium,   being   broadest   in   front   and   gradually
tapering   off   behind   (Fig.   14).

Ardcahcrodias  has  a  blade-like  pubis  of  nearly  an  equal  width  through-
out, though  it  is  rather  wider  behind  after  it  pas.ses  the  ischium  and

curves   mesiad   towards   its   fellow.   Just   before   it   does   this   it   is   slightly
overlapped   by   the   lower   and   posterior   angle   of   that   bone,   or   else
meets   it   in   a   single   i)oint   of   tangency,   or,   as   in   the   figure,   does   not
quite   come   in   contact   with   it.   Quite   a   large   pneumatic   foramen   is
found   beneath   the   projection   of   each   ilium   immediately   behind   the
anti-trochanter.

The   vertebral   column   may   be   seen   in   ])art   through   the   ajjertures
afforded  by  the  acetabulum  and  ischiadic  toramen  upon  this  lateral  view.
Except  at   its   sacral   dilatation,   the  neural   canal   as  it   passes  through  the
vertebrae   of   the   pelvis   is   small  ;   it   will   be   remembered   that   we   found
it  quite  so  in  the  dorsal  region  also.

My   specimen   of   the   pelvis,   taken   from   the   skeleton   of   Ardca   caii-
didisiina   (a   bird   of   the   year)   although   thoroughly   herodine   in   all   of
its   salient   points,   it   still   differs   in   some   of   its   minor   details   from   the
same   bone   in   Ardea   herodias.   A   careful   count   shows   that   an   equal
numl)er  of   vertebrae  are  anchylo.sed  together  to  form  the  central   ma.ss
for   the   support   of   the   pelvic   arch  —  fourteen   in   each   case,   /.   c,   the
twenty-fourth   to   the   thirty-seventh   inclusive.   This   obtains   also   in
the   Yellow-crowned   Night   Heron,   and   in   both   these   birds   the   brim   of
the   pelvic   basin   departs   from   and   arrives   at   identically   the   same   seg-

ments as  described  for  Ardea.
In   A.   candidissima,   the   ilia   do   not   overreach   the   twenty-fourth   ver-

tebra although  otherwise  these  bones  are  comparatively  longer  and  nar-
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rower   than   in   A.   Jierodias.   A   greater   number   of   inter-apo])hysial   for-
amina pierce  in  double  rows  the  middle  area  in  this  Heron  ;  these,

however,   may   be   obliterated   in   older   birds.
Nycficorax   also   possesses   a   true   heron's   pelvis,   and   so   far   as   this

bone   is   concerned   the   differences   between   it   and   the   pelvis   oi   Ardea
herodias   are   of   so   trivial   a   nature   as   scarcely   to   be   noticed   on   first
sight.   The   principal   ones   are   these   :   in   Nycficorax   the   gluteal   ridges
and   outer   angles   are   not   nearly   so   prominent   ;   a   greater   number   of
inter-apophysial   foramina   exists   upon   the   dorsal   aspect  ;   the   last   ver-

tebra,  the   thirty-eighth   of   the   spinal   column,   anchyloses   with   the
sacrum,   although   it   projects   entirely   beyond   the   pelvis,   this   one   cor-

responding to  the  first  of  the  free  coccygeal  series  in  A.  herodias ;  the
hinder   ends   of   the   ischiaare   cut   squarely   across   and  do  not   apparently
project   beyond   the   ilia;   and   finally,   the   obturator   foramen   is   more
nearly   entire.

I   find  seven  freely   articulated  coccy^^eal   vertehrc^  \x\.   Ardea  iierodias
and   a   pygostyle.   A.   caudidissima   shows   but   six,   and   the   pygostyle,
but  it  may  be  possible  that  one  of  these  vertebrce  has  by  some  accident
been   lost   in   my   specimen.   We   saw   above   in   Nycficorax,   how,   in   that
Heron  the  first  one  of  the  series  anchylosed  with  the  pelvis,  both  by  its
centrum   and   by   the   antero-external   angles   of   its   diapophyses.

These   seven   vertebrce   in   the   Great   Blue   Heron   are   non-pneumatic,
and  all   but   the   last   three   entirely   devoid   of   hypopophyses,   and  it   may
be  absent  on  the  first  of  these.

The   first   five   have   broad   flaring   diapophyses,   which   are   entirely
aborted  in   the   last   segment,   and  only   barely   apparent   in   the   one  that
precedes  it.

In  caliber,  the  neural  canal  is  larger  than  we  would  be  led  to  expect
from  the  size  of   that   tube  as  it   appears  in  the  last   uro-sacral   vertebra
of  the  pelvis.

The   neural   spines   are   bifid   and   subcompressed,   while   the   form   of
the  anterior  and  posterior  articular  surfaces  of  the  centra  are  transverse
and  flattened  ellipses.

Herons   being   birds   with   short,   weak   tails,   composed   of   but   a   few
feathers,   we   naturally   find   a   correspondingly   feebly-developed   pygo-
style.

In   Ardea   this   bone   has   projecting   from   its   lower   anterior   angle   a
process   nearly   as   long   as   half   the   bone   itself.   It   represents   the   hypo-
pophysis  of  the  leading  vertebra  that  was  absorbed  to  form,  with  prob-
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ably   several   others,   this   compound   hone.   Very   faint   traces   of   another
such  a  process  may  be  seen  marking  its   side  farther  back,   and  above-
it   the   barest   hint   of   the   centrum   of   the   corresponding   vertebra.   For
the   rest,   the   pygostyle   is   an   irregular,   cjuadrilateral   plate,   less   than   a
centimeter   deep,   and   a   little   more   than   one   long,   measured   on   its
longest   diameter.   It   has   a   round,   thickened   posterior   margin,   and   its
upper  and  lower  edges  are  sharpened.      A  pit   marks  the   Hat  anterior

Fig.   29.    Superior  view  of  the  skull  of  Nycticorax  violaceiis,  juv.    Natural  size,  and
the  same  specimen  as  shown  in  Fig.  30.     Drawn  by  the  author.

surface,   which   continues   for   a   short   distance   into   the   substance   of   the
bone,   the   neural   canal   of   the   caudal   vertebrae.   Other   Herons   have
the   pygostyle   rather   differently   fashioned   from   this,   though   in   each
instance  the  leading  features  are  present.

Fig.   30.   Superior  view  of  the  mandible  of  Nycticorax  violaceiis.     Drawn  by  the
author,  natural  size  from  the  specimen.     From  the  same  skeleton  as  Figs.  28  and  29.

Of   the   Appendicular   Skeleton.   The   Pectoral   Limb   :   Ardca   herodias
has   a   highly   pneumatic   hi/nierus,   which   in   the   well   prepared   skeleton
is   a   snowy-white,   and   for   its   size   a   wonderfully   light   bone.   The
])neumatic   aperture   is   of   small   dimensions,   it   being   a   sub-elliptical
opening   at   the   usual   site   for   this   orifice   in    birds.       It   differs   some-
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what,   however,   in   lying   in   the   same   plane   with   the   general   humeral
surface,  below  the  ulnar  crest,   and  not  being  situated  at  the  base  of  a
])neumatic   fossa,   in   which   several   openings   are   usually   seen   leading
to   the   hollow   shaft   of   the   bone.   From   radial   to   ulnar   side   the   prox-

imal enlargement  of  the  humerus  is  not  nearly  as  great  as  we  find  it
in   many   others   of   the   Class.   At   its   summit   there   is   an   oval,   convex
facet   for   the   glenoid   cavity.   This   is   separated   from   the   ulnar   crest
by   a   deep   intervening   valley,   which   appears   all   the   deeper   from   the
great   prominence   attained   by   the   former.

The  radial   crest   is,   on  the  other   hand,   quite   low,   and  not   unusually
developed.   It   extends   down   the   shaft   only   to   the   point   where   the
latter   commences   to   assume   the   cylindrical   form.   On   the   palmar
aspect   of   the   proximal   end   of   the   humerus   we   have   a   well-defined
trench   extending   across   the   bone,   just   behind   the   ulnar   crest   and
glenoid   head.   Another,   fainter   one,   though   pretty   well   marked   in   the
direction   of   the   shaft,   marks   out   the   boundaries   of   a   convex,   sub-oval
and  flattened  space,  on  the  lowermost  side  of  the  palmar  aspect  of  the
proximal   end   of   the   bone,   which   is   present   in   some   form   or   another
in  this  place  on  the  humerus,  in  a  number  of  the  Class.

The  shaft  for  the  greater  share  of  its  length  is  cylindrical  and  smooth  ;
the   sigmoid   curves   it   presents   in   the   majority   of   birds   are   here   well
marked.   The   distal   extremity   is   dilated   in   the   same   plane   nearly   with
the   proximal   end,   to   give   space   for   the   guidance   of   muscular   tendons
on  the  anconal   side,   which  there  pass  over   grooves  marking  the  bone,
as   well   as   affording   the   necessary   breadth   to   support   the   ulnar   and
radial   tubercles   on   the   i)almar   side.   Above   the   latter   is   seen   a   long,
subelliptical   depression,   running   obliquely   up   from   this   dilated   portion
to  a  point  where  the  shaft  begins  to  assume  the  cylindrical  form.

The   radius   is   a   non-pneumatic   bone,   and   like   all   bones   of   this
character,   in   the   ordinarily   prepared   skeleton   becomes   yellow,   dark
and   greasy,   owing   to   the   oily   constituents   of   the   contents   of   the
shaft   gradually   oozing   through   its   walls.

This   bone,   in   common   with   its   companion   in   the   anti-brachium,
is   considerably   longer   than   the   humerus.   From   proximal   to   distal
extremity   its   shaft   is   much   bowed   in   the   palmar   direction.

The   proximal   end   is   comparatively   little   enlarged   ;   it   presents   the
usual   subelliptical   facet   for   the   humeral   tubercle   of   the   bone   of   the
brachium.   On   its   end,   and   shaft-wise,   the   ulnar   facet   is   presented   for
our   examination.
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For   its   length   ami   the   general   size   of   the   bird,   the   shaft   of   the
radius   is   ijuite   slender.   In   form   it   is   subtrihedral   with   the   salient
angles  rounded  off.

Usually   the   ulna   is   quite   straight,   or   has   only   a   slight   degree   of
curvature,   but   in   the   present   subject   it   is   bowed   nearly   as   much   as
the   radius   and   very   much   in   the   same   way.   It   is   hardly   necessary
to  say  that  in  common  with  the  radius  and  the  skeleton  of  the  pinion,
that   it   is   likewise   found   to   be   a   perfectly   non-pneumatic   bone.   Its
shaft  is   about  two  and  a  half   time^  the  size  pf  the  radius,   l)ut  instead
of   being   subtrihedral   in   form,   it   is   nearly   cylindrical.

Two   rows   of   quill-knobs   are   distinctly   seen   upon   its   length,   one   on
the   ulnar   and   one   on   the   palmar   aspect  ;   the   former   being   the   more
strongly   marked.

The   shaft   decreases   in   size   gradually   from   the   proximal   to   the   dis-
tal  end,   very   imperceptibly   from   the   middle   of   the   bone   on.   A

nutrient   foramen   is   seen   on   the   anconal   aspect   at   the   proximal   part
of  the  middle  third.

The   carpal   end   shows   the   usual   trochlear   surface,   and   the   facets
for   the   raJiale   and   ulnarc   of   the   wrist.   Proximally,   the   enlargement
is   much   greater   in   order   to   afford   sufficient   breadth,   to   make   room
for   the   extensive   excavations   that   are   found   at   this   end,   to   articulate
with   the   radius   and   bone   of   the   brachium.   The   olecranon   is   but
feebly   developed   and   tuberous.   Measurements   taken   from   these
bones   in   an   adult   specimen   of   Ardea   heiodias,   shows   the   humerus   to
be   19   cm.   long;   the   radius   22   and   the   ulna   23.1,   which   goes   to
show   that   the   brachium   and   anti-brachium   are   proportionately   bal-

anced as  to  their   respective  lengths.   Both  of   the  carpal   elements
are   present,   the   radialc   and   the   iilnare.   They   are   of   good   size,
articulate  as  in  most  birds,   and  are  fashioned  after  the  most  usual  pat-

tern assumed  by  these  bonelets.
The   carpo-inctacar[)tis   makes   up   in   length   in   this   heron   what   it

otherwise   lacks   in   breadth.   It   measures   10.3   cm.   long,   while   across
the   widest   part   above   it   is   but   1.8   cm.;   this   latter   measurement   being
from  superior  tip  of   jjollex  metacarpal   directly   across  the  bone  to  outer
edge  of  trochlear  surface.

The   first   metacarpal,   anchylosed   as   usual   at   the   upper   and   anterior
aspect   of   the   bone,   is   very   short,   slightly   bent   anconad,   and   directed
rather   upwards   as   a   tuberous   process.   Beneath,   it   supports   the   exten-

sive convex  articular  facet  for  pollex  digit,   which   latter  is   long  and
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somewhat   laterally   comi)ressed.   It   bears   a   diminutive   facet   at   its   dis-
tal extremity,  and  appears  as  though  it  might  have  had  in  life  a  claw

there,   which   has   been   lost   in   my   specimen.   Nitzsch,   who   examined
many   groups   of   birds   to   investigate   this   among   other   points,   places
the   Herodiones   in   the   category   of   birds   in   which   he   discovered   it   to
be   present.   So   on   the   authority   of   this   eminent   anatomist   I   believe
we   may   safely   .say   that   our   subject   will   be   found   to   possess   such   a
claw.

For   its   entire   length   the   main   shaft   of   this   bone   is   very   straight,
and   such   part   of   it   as   is   free   from   contact   with   other   bones   above
and   below,   is   subtrihedral   in   form   and   devoid   of   particular   character.

Showing   a   considerable   transverse   dilatation   at   its   proximal   ex-
tremity, the  third  metacarpal  soon  quits  the  shaft  of  the  second  to  be-

come much  smaller  and  rounder,  being  parallel  to  it,  until  within  a
short   distance   of   its   lower   end,   where   both   are   again   connected   by
bone.

At   the   proximal   extremity   of   this   carpo-metacarpus,   we   find   a
broad   trochlear   surface,   contributed   in   the   usual   manner   by   the   os
inagin/iJi,   one   of   the   free   carpal   bones   in   the   wrist   of   subadult   birds.
As   in   the   majority   of   cases   all   the   sutural   traces   of   this   union,   have
with   the   growth   of   this   heron   become   obliterated.

Upon   the   palmar   aspect,   just   below   the   superior   convex   margin   of
this   trochlear  surface,   at   the  head  of   the  index  metacarpal,   we  observe
projecting   forwards   a   small   stumpy   process.

The   distal   end   of   the   carpo-metacarpus   in   the   adult   Ardca   hcnn/ias
is   almost   entirely   occupied   by   the   two   articular   facets   for   index   and
middle   digits.   A   notch   divides   them.   In   the   case   of   the   first,   the
proximal   phalanx   is   a   long   bone   (3.8   cm.),   with   a   posterior   blade-

like  expansion.   This   latter   is   not   very   broad,   being   thick   and   un-
pierced   by   foramina,   as   we   sometimes   see   it   in   the   Gulls   and   other
water   birds.   A   long,   pointed   subtrihedral   joint   succeeds   this   one,
which   in   turn   seems   to   have   a   facet   upon   its   distal   extremity,   either
for   a   claw  or   another   minute  joint,   such  as   we  find  among  the  Ducks
and   Geese,   but   in   my   specimen   it   is   missing.   The   third   metacarpal
supports   a   digit   composed  of   a   single   sub-compressed,   narrow  phalanx,
nearly   two   centimeters   long.

Taken   in   connection   with   what   Nitzsch   has   given   us   upon   the   sub-
ject, I  believe  the  formula  for  the  manus  of  the  Herodiones  will  be

found  to  be  pollex  metacarpal,  with  a  digit  composed  of  two  phalanges  ;
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index   metacarpus,   with   a   digit   of   three   i)halanges   ;    and  middle   meta-
carpus with  a  single  jihalanx  to  its  digit.

So  far  as  the  material  goes  that  1  have  been  able  to  examine,  the  pec-
toral extremity  among  the  At i/i-i/iw  o{{er^  no  very  striking  differences.

As  a  good  illustration  of  the  slight  departure  that  is  made  from  a  com-
mon plan  among  these  Herons,  no  better  example  could  be  offered

than   the   series   of   bones   shown   in   figures   35,   36   and   37,   being
the   right   humerus   from   An/ea   herodias,   Nycticorax   and   A.   candidis-
siiiia.

Of   the   Pelx'ic   Extremity.  —  After   the   most   careful   examination   of
the   material   at   hand,   I   find   it   is   only   in   the   femur   of   Nycticorax   that
l)neumatic   foramina   exist.   These   are   exceedingly   minute,   though
they  may  be  detected  without  the  aid  of  a  lens  just  over  the  border  of
the   anti-trochanterian   facet   on   the   posterior   aspect   of   the   bone.   In
A.   herodias   and   A.   ca/ididissiiiia   the   feiiutr,   as   well   as   all   the   other
bones,   composing   the   skeleton   of   this   limb,   are   absolutely   non-pneu
matic.

Our  Great  Blue  Heron  has  a  fenuir  fully  as  long  as  its  pelvis  omitting
the   free,   posterior   end   of   the   pubis.   Its   head   and   neck   make   nearly
a   right   angle   with   the   shaft,   the   former   being   hemi-globular   and  much
excavated  for   the   ligamentum  teres,   while   the   latter   is   short   and  thick.
At   the   summit   of   the   bone   the   anti-trochanterian   facet   is   broad   and
extensive.   Froiii   before,   backwards,   its   surface   is   convex   ;   in   the
other   direction,   that   is   from   the   head   to   the   trochanter,   it   is   concave,
becoming   gradually   wider   as   it   approaches   the   latter.

The   trochanterian   ridge   does   not   rise   above   this   articular   surface   to
any   perceptible   degree,   but   becomes   rather   prominent   as   it   passes
down  the  shaft  for  a  short  distance  on  its  outer  and  anterior  aspect.

On   the   outer   and   proximal   end   of   the   femur,   the   trochanter   major
is   broad   and   nodular.   The   shaft   below   this   point,   to   where   it   begins
to   expand   for   the   condyles,   is   nearly   straight   and   cjuite   cylindrical.
Its   muscular   lines   are   distinct   and   raised   ;   on   the   posterior   aspect,
above   the   middle,   the   nutrient   foramen   is   to   be   seen.   It   opens   in   a
direction   obliquely   from   above   downwards.

Just   above   the   anterior   ridge   of   the   external   condyle,   I   fmd   in   all
Herons,   on   the   antero-external   aspect,   a   prominent   and   elongated
tubercle.   It   has   to   do   with   muscular   attachment,   and   one   of   the
muscular   lines   is   deflected   from   its   course   to   run   into   its   upper
end.
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The   condyles   of   this   bone   are   strong   and   massive.   The   articular
surface  of   the  inner  one  is   broad  behind,   and  so  far   produced  in   this
locality   as   to   render   the   popliteal   depression   appear   more   than   usu-

ally  concave   and   excavated.   Above   each   condyle   behind   is   seen   a
well-marked   tubercle,   with   pits   on   their   outer   sides   for   the   insertion
of   lateral   ligaments   and   muscles.   The   external   condyle   has   the   usual
fibular   groove,   deeply   cleft   and   carried   down   behind   well   nigh   to   its
base  ;   it   is   more  prominent   than  its   fellow,   though  not   as   broad.   Be-

tween them,  the  inter-condyloid  fossa  is  moderately  deep,  rather  wide,
and  carried  up  on  the  anterior  aspect  of  the  shaft  as  a  "  rotular  chan-

nel" of  like  dimensions,  though  not  mounting  as  high  as  it  does  in
some   birds.   Of   these   two   condyles,   the   external   one   is   rather   the
lower,   the   bone   being   held   in   the   vertical   position.

I  fail  to  find  2.  patella  present  in  any  of  the  ArdciiKP. ;  in  Nycticorax
a  thickening  in  the  ligament  lakes  place  at   the  usual   site  of   this   sesa-

moid  in   other   long-legged  birds   where   it   is   found,   but   this   liga-
mentous enlargement  is  entirely  devoid  of  any  osseous  deposit.

The  tibia  of  Anlca  herodias  as  we  might  expect  is  a  very  long  bone,
and   in   every   particular   typical   as   found   in   Herons   generally.   Viewed
directly   from   above,   on   its   proximal   end   (Fig.   21)   we   observe   that   it

Fi<;.  31.  Left  lateral  view  of  the  sitrnnmoi  Aritea  ((mi/idissi/i/n.  Adult  specimen.
Natural  size,  by  the  autlior.

has   a   roughly   quadrilateral   outline,   its   general   surface   sloping   towards
the  fibular  side.

The   intercondyloid   tubercle   is   prominent,   and   situated   rather   ex-
ternal to  the  center  of  this  surface,  while  anteriorly  it  is  bounded  by

a  low  cnemial  crest.
Regarding   the   shaft   from   in   front   (Fig.   23),   we   notice   that   the

pro-   and   ectocnemial   ridges   are   but   moderately   developed,   and   very
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soon   subside   into   the   shaft   below.   A   wide   valley   is   between   them,
and  the   inner   one  or   procneniial   ridge  is   vertical   to   the   shaft   and  ex-

actly divides  the  inner  surface  of  it  from  the  anterior.
All   about   the   head   of   the   tibia   the   articular   summit   projects   over

with   its   broadly   rounded   margins.
The   "   fibular   ridge"   extends   down   the   tibial   shaft   on   its   outer   side

but   a   comparatively   short   distance.   It   begins   above   at   a   point   o])po-
site   where   the   ectocnemial   ridge   merges   into   the   shaft.   Behind,   a
longitudinal   concavity   fairly   defines   its   extent   from   the   ])OSterior   sur-

face of  the  tibia  ;  in  front,  the  anterior  surface  of  this  fibular  ridge  lies
in  the  same  plane  with  the  anterior  surface  of  the  tibial  shaft.

From  proximal  to  distal  end  his  shaft  is  as  straight  as  any  long  bone
that   I   am   familiar   with   ;   it   is   only   just   before   we   arrive   at   the   con-

dyles below  that  we  notice  the  slightest  disposition  in  the  world  to
bend  backwards.

For  its  entire  length  behind,  the  surface  is  cylindrical  ;   this  is  entered
into   by   both   the   lateral   aspects,   while   anteriorly   it   is   flat,   and   only
round  at  all  for  a  limited  part  of  the  shaft  about  at  the  junction  of  mid-

dle  and   up])er   thirds.   This   flat   anterior   surface   above   looks   directly
forwards,  and  this  is  the  case  also  above  the  tendinal  bridge,  but  as  we
ascend   the   shaft   from   this   latter   point,   it   gradually   turns   towards   the
outer   aspect,   when   finally   it   is   limited   by   a   raised   line   th-at   descends
on  this  side  from  the  fibular  ridge,  and  merges  at  last  into  that  part  of
the   shaft   which   is   subcylindrical,   at   junction   of   middle   and   upper
thirds.

At   the   distal   extremity,   the   shaft   enlarges   but   very   slightly,   and   just
sufficient   to   afford   a   base   for   the   condyles,   which   here   project   in   con-

sequence well  out  in  front  of  it,  both  before  and  behind,  more  par-
ticularly in  the  former  direction  (Fig.  24).

The   "   tendinal   bridge,"   though   present,   is   not   nearly   so   well   devel-
oped as  in  some  other  birds,  and  in  my  specimen  of  Nycticorax  a

"bird   of   the   year,"   it   is   not   united   in   the   middle,   it   being   simply
represented   by   a   triangular   process   on   either   side,   with   their   bases   in
the   margins   of   the   excavation,   and   their   ai)ices   opposite   and   nearly
touching   each   other.   A   tubercle   occurs   above   the   outer   condyle   at   a
point   where   this   bridge   arises   on   that   side.   This   is   its   lower   origin,
as   it   spans  the  tendinal   groove  rather  obliquely.

The   inter   condyloid   depression   is   wide,   deepest   in   front,   to   become
narrower  and  shallower  behind,  where  it  ceases  as  the  shaft  commences.
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Viewed   anteriorly,   the   outer   condyle   is   the   broader,   extends   higher
on  the  shaft,   but   projects   no  further  in   front   than  the  inner  one.   This
latter,   slightly   encroaching   on   the   intercondyloid   space,   is   excavated
by   a   well-defined   subelliptical   pit,   which   is   better   marked   in   the   Night
Herons,   though   present   in   the   Ardcime   generally.

Viewed   from   behind,   these   condyles   of   the   tibia   in   Ardea   mount
to   points   about   opposite   each   other   on   the   shaft.   There,   however,
the  inner   condyle   is   the   broader,   and  rather   more  prominent   above.

Upon   lateral   aspect   these   condyles   are   uniform   in   outline   with   the
convex   surfaces   below;   and   from   above,   downwards,   the   outer   is   the
deeper  of  the  two.

In   my   memoir   on   the   Osteology   of   the   Gallin^E   (in   MSS.  )   I   de-
scribe the  method  of  ossification  of  the  cnemial  crest  of  the  tibia  in

the   young  of   CeJitrocercns   iiropliasianus   and   give   a   figure   showing   this
development,   which,   in   brief,   consists   in   a   large   osseous   segment   en-

grafted upon  the  bone,  at  the  future  site  of  the  cnemial  crest  and
upper  halves  of  the  pro-  and  ecto-cnemial  ridges,   all   of  which  it   forms,
but  leaves  no  trace  of  such  a  development  in  the  adult  fowl.

My  only  regret  is  that  I  have  not  at  this  moment  the  proper  material
to  investigate  whether  or  no  a  like  method  of  development  goes  on  in
the  young  of  the  Herons.

As  for  the  distal   extremity  of  this  bone,  it   also  has  received  no  little
attention   generally,   but   in   particular   the   young   of   our   present   subject
has  been  ably   investigated  at   the  hands  of   Professor   Morse.

It   was  through  his   studies   of   the  tibia   and  tarsus  of   immature  indi-
viduals of  various  spcies  of  Ardea  that  this  distinguished  zoologist

was   principally   enabled   to   demonstrate   the   presence   of   the   inter-
medium in  the  Class  birds.  Professor  Morse's  researches  have  proven,

I  think,  beyond  doubt,  that  the  "  ascending  process  of  the  astralagus  "
of   Huxley   agrees   with   the   "   pretibial   "   of   Wyman.   Further,   this
segment  ossifies  from  a  separate  center  of  ossification,  and  as  such  con-

stitutes in  the  avian  tarsus  a  third  bone  of  the  proximal  row,  which
corresponds   with   the   interi)iediuin   of   the   Reptilia   as   described   by
Gegenbaur.   No   one   would   suspect   the   presence   of   any   such   bone
in   the   adult,   in   any   of   the   Ardeince,   it   having   been   completely   ab-

sorbed by  the  tibia,  and  every  vestige  of  its  original  limits  obliter-
ated.

Thtjidiihi   of   the   Great   Blue   Heron   is   a   very   much   aborted   bone,
not   only   when   it   is   compared   with   that   bone   as   it   is   found   in   many



ShUKKI.DT  :      OSTKOI-OCV    OK     THK    H  KKODIONK.S.  205

Other   birds,   but   when   compared   with   the   size   of   its   own   tibia   (Figs.
19  and  20).

The   upper   surface   of   its   distal   end   is   devoted   entirely   to   the   facet
for   articulation   with   the   condyle   of   the   femur.   IJelow   this   the   bone
is  compressed  from  side  to  side,  and  produced  from  before,  backwards.
Then   rapidly   contracting   it   presents   a   roughened   surface   intended   for
ligamentous   attachment   to   the   fibular   ridge   of   the   tibia.   Near   this   we
see   the   tubercle   for   the   insertion   of   the   tendon   of   the   biceps.   The
remaining  length  of   the  fibula   becomes  almost   needle-like  in   its   dimen-

sions, and  makes  no  osseous  connection  with  the  tibia  whatever,  pass-
ing but  little  below  the  upper  third  of  its  shaft,  which  when  the  bone

is   removed  shows  no  evidence  of   its   contact,   more  than  the  roughness
of  the  fibular  ridge.

Aniea   candiiUssima   has   a   fibula   that   agrees   in   all   respects   with   the
one  I  have  described  for  the  Great  151ue  Heron.  In  Nycticorax  it   differs
in   one   important   particular,   and   this   is,   that   after   passing   its   articula-

tion with  the  fibular  ridge  of  the  tibia,  its  almost  thread-like  dimen-
sions are  carried  well  below  the  middle  of  the  shaft  of  the  leg-bone  to

unite  with  it   by  ossification,   for   at   least   a   third  part   of   its   length.
Next   in   order   we   have   to   notice   the   tarso-mekitarsiis.   The   differ-

ences that  this  segment  of  the  lower  extremity  exhibits  among  the
various   herons,   seem   to   be   scarcely   worth   the   mention.   So   I   expect
a  description  of   the  bone  as  it   is   found  in   Ardea  herodias,   will   answer
with  sufficient  exactness  for  the  group.

Different   views   of   the   tarso-metatarsus   are   shown   in   figures   15,   16,
17,  and  18  all   drawn  from  an  adult  specimen  of  the  Great  Blue  Heron.

A   very   prominent   tubercle   occupies   the   anterior   part   of   the   proxi-
mal  extremity.   It   stands   between   the   two   elliptical   concavities   in-

tended,  when   articulated,   for   the   condyles   of   the   tibia.   The
margins   surrounding   the   extremity   are   raised   at   the   sides   and   sharp-

ened. Posteriorly,  we  can  also  see  from  this  view,  the  three  processes
composing   the   hypotarsus  .   Of   these   the   innermost   one   projects   the
farthest  backwards,  as  well   as  extending  the  greatest  distance  down  the
shaft.   The  outermost  one  of   the  three  is   the  smallest,   being  just   about
half   the   size   of   the   innermost   one.   The   middle   one   falls   between
these   two   so   far   as   its   height   is   concerned,   but   it   is   as   long   as   the
innermost   one   (Figs.   17   and   18).

In   order   to   support   this   great   tendon-grooved  hypotarsus,   and  broad
articular   surface,   the   shaft   of   the   bone   at    this   end   is   proportionately
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enlarged.   It   grows   gradually   smaller,   however,   as   we   descend,   being
of   the   least   calibre   in   the   lower   third,   when   it   again   enlarges   trans-

versely to  support  the  trochleie  for  the  digits.  The  upper  half  of  the
bone   is   flat   both   posteriorly   and   at   the   lateral   aspects.   In   front   it   is
longitudinally   excavated   down   the   middle,   beginning   where   it   is   the
deepest,   just   below   the   inter-condyloid   tubercle.   As   we   gradually
pass   to   its   lower   half   the   shaft   becomes   subelliptical   on   section,   the
major  axis  being  transverse.

At   the   base   of   the   excavation   above,   a   few   millimeters   below   the
anterior  crest  of  the  summit,  we  find  the  shaft  pierced  by  two  foramina,
placed   side   by   side.   The   innermost   and   larger   one   of   these   passes
rather  obliquely  through  the  bone  to  make  its  appearance,  rather  larger
in  size,  just  inside  of  the  hypotarsus.

Considerably   smaller,   its   companion   pierces   the   tarso-martarsial
shaft,   still   more   obliquely   downwards,   to   make   its   exit   as   a   foramen
of   diminished   calibre   on   the   opposite   side   of   the   hypotarsus.   The
posterior  opening  of  this  latter  one  is  seen  in  Fig.   15.

Fir,.  32.  Left  lateral  view  of  the  sternum  of  Nycticorax  violaceiis  (subadult).
Natural  size,  by  the  author  from  the  skeleton  of  the  same  indivitlual  that  furnished
Figs.  28-30.

Viewed   from   in   front,   the   trochlene   present   the   following   points
for  examination  :  the  middle  one  extends  the  highest  on  the  shaft,  and
projects   beyond   the   others   anteriorly.   It   is   distinctly   grooved   down
its   middle,   and   descends   the   lowest.   The   inner   one   is   the   broadest
and   is   perfectly   smooth   in   front,   being   but   slightly   grooved   behind,
while   the   other   two   are   decidedly   so.       Finally,   the   outer   trochlea   is
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also   smooth   in   front,   and   does   not   descend   as   low   as   either   of   the
others.   Hetween   this   one   and   the   next   the   usual   foramen   pierces   the
bone,  low  down    n  the  groove  between  them.

£'1^.   J^.

i*%?  i^-f.
SubFig.  2iZ-     Left  tliree-(|uartering  view  of  the  fuicula  of  Nycticorax  violaceus.

adult. )
Fig.  34.  Same  view  of  the  os  fitrcula  of  Ardea  caniiidissiiiin.  Both  natural  size

from  the  specimens.

It   will   be   seen   that   these   trochlea   are   so   placed   as   to   be   slightly
conve.K   forwards,   and   in   a   less   degree   concave   behind,   where   they
come  up  to  nearly  the  same  points  on  the  shaft,   the  middle  one  being
rather   the   lowest.   Moreover,   the   mesial   grooves   that   mark   them   are
here   carried   up   to   their   very   terminations.   This   posterior   aspect   of
the  distal  extremity  also  shows  the  foramen  for  the  anterior  tibial  artery
in   full   view.   Above   these   trochlear,   and   to   the   inner   side,   the   cir-

cular facet  for  the  first  metatarsal  is  found.
These   three   long   bones   of   the   pelvic   extremity   of   Ardea   Jierodias

have   the   following   measurements   in   the   adult   :   the   femur,   measured
from   the   highest   point   on   the   trochanterian   ridge   to   the   lowest   point
on   the   outer   condyle,   is   10.5   cm.   long,   the   tibia,   24.5   cm.   and
the   tarso-metatarsus,   17.8   cm.   long,   measuring   from   the   highest
point   on   the   intercondyloid   tubercle   to   the   lowest   point   on   the   middle
trochlea.   We  may  add  here   that   the   length   of   the   fibula   which   is   but
9   cm.,   being   one   and   a   half   centimeters   shorter   than   the   femur,   and
fifteen  and  a  half  shorter  than  the  tjbia.

The  first  metatarsal  is  a  free  bone,  with  a  peg-like  shaft  and  exlarged
lower   extremity.       It   is   enlarged   at    its   proximal   end   where   it   sup-
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ports   a   circular   facet   on   its   lateral   aspect,   to   articulate   in   life   with
the   surface   described   above   on   the   tarso-metatarsus.   Thus   it   is
that   this   bone   is   so   mobile,   and   can   be   thrown   backwards   to   a   con-

siderable distance.  Below,  it  bears  a  trochlea  for  the  rear  phalanx  of
hallux,  which  reaches  high  on  its  shaft  on  the  digital  side  of  the  bone,
being   faintly   grooved   on   the   other.   The   entire   length   of   this   seg-

ment is  1.7  centimeters.
At   the   proximal   end   of   the   first   phalanx   of   hallux,   the   trochlear

surface   is   far   more   extensive   than   its   opposed   surface   on   the   first
metatarsal,   being   fully   half   as   broad   again.   The   shaft   is   rather
slender,   gently   curved   throughout,   convex   upwards,   and   subcircular
on   section.   Its   distal   trochlear   surface   is   principally   on   the   under
side   of   the   bone.   It   is   narrow   transversely,   and   shows   a   shallow
median   longitudinal   groove.   The   sides   of   this   extremity   are   marked
by   pits   for   ligamentous   attachment.   It   measures   in   extreme   length
4.6   centimeters,   being   the   longest   phalanx   of   the   pes.

Its   osseous   claw   is   rather   more   than   moderately   curved,   and   ex-
hibits the  usual  trochlear  surface  and  the  tubercle  for  tendinal  insertion.

The  distance  from  this  latter  point  to  the  apex  measures  1.6  centimeters.
Both  the  convex  surface  above  and  the  concave  surface  beneath  is  uni-

formly rounded  off,  while  the  bone  is  laterally  compressed.  A  groove
distinctly   marks  it   on  either  side,   but   is   not   quite  carried  to  the  apex.

Second   digit   has   three   phalanges   including   the   ungual   one   ;   the
proximal  phalanx  has  all  the  characters  as  given  for  first  joint  of  hallux  ;
it,   however,   is   distinguished   by   a   prominent   tubercle   to   the   inner   side
of   the   articular   surface   for   the   trochlea   of   tarso-metatarsus.   The   bone
is   rather   stouter   and   somewhat   shorter.   The   second   joint   is   a   still
shorter   and   a   slighter   bone   ;   its   proximal   trochlea   is   concave   from
above,   downwards,   very   slightly   convex   in   the   opposite   direction.
The   shafts   of   these   bones   are   not   curved   to   the   degree   found   in
the  first   joint   of   hallux,   and  the  proximal  ones  are  always  the  straight-
est.   Agreeing   even   in   minor   details,   the   ungual   phalanx   of   this
second   digit   is   smaller   than   the   one   found   in   the   first   toe,   but
shows  about  the  same  amount  of  curvature.  These  three  joints  measure
from   proximal   to   distal   one,   respectively   4.4,   3.1   and   i.i   centimeters;
the   ungual   joint   being  measured  as   T   measured  the   bony  claw  of   the
first  digit.

The   four   joints   of   the   middle   or   third   digit   have   the   general   char-
acters as  given  for  these  phalanges  above.      Measuring  them  in  the
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same  way  and  in  the  same  order,   I   fmd  the  proximal  phalanx  to  be  4
centimeters   long;   the   next   3.9,   the   next   2.1   ;   and   the   ungual   one,
measured   as   before,   i.i   centimeters   long.

i    ;

Fi^.JS.
Ti0.3y.

Fu;.  35.  Anconal  aspect,  proximal  extremity  of  the  right  humerus  of  Ardea  her-
odias.

Fig.  36.     Right  humerus  o{  Nycticorax  violaceus  (subadult)  ;  anconal  aspect.
Fig.  37.  Right  humerus  oi  Ardea  candidissiina  ;  anconal  aspect.  All  three  bones

natural  size,  and  drawn  from  the  specimens  by  the  author.

Outer   digit   has   five   joints   agreeing  in   the   main   with   the   other   pha-
langes of  the  toes  of  this  Heron's  foot.  They  measure,  in  the  order  as

given   above,   from   proximal   to   last   one,   2.9,   2.8,   1.7,   and   i   centi-
meter long.  Of  course  the  actual  length  of  these  ungual  measurements

will   be  found  to  -be  rather  more  than  those  I   have  given,   but  it   must
14



210   Annals   of   the   Carnegie   Museum.

be   remembered   that   I   only   present   the   length   of   the   chord   from   the
tubercle  on  the  inner  side  of  the  proximal  extremity  to  the  apex  of  the
joint.

Herons  possess  no  special   ossifications  other  than  those  I   have  men-
tioned, that  I  am  aware  of,  in  their  skeletons.

They   have,   in   addition   to   their   general   structure,   three   peculiar   ex-
ternal characters  in  common  with  a  no  less  remotely  related  group  of

birds   than   the   Capi-imiil^i.   Coues,   in   characterizing   the   Night-jars,
says  :  "  Besides  the  semi-palmation  of  the  feet,  there  is  another  curious
analogy   to   wading   birds   ;   Ibr   the   young   are   downy   at   birth,   as   in
Fnecoses,   instead   of   naked,   as   is   the   rule   among   Altriccs.''   (Key,   2d
Ed.,   p.   448.)   This   author   does   not   mention   there   however,   a
third   character,   it   no   doubt   having   slijij^ed   his   mind   at   the   time
the   above-quoted   paragraph   was   penned.   It   is,   that   both   the
Caprimiilgi   and   the   ArdeiiicE   possess   in   common   that   very   rare
character  —  the   true   pectination   of   the   inner   margin   of   the   claw   to
the   middle   toe   of   pes.   This   character   is   also   seen   in   Fregafa,   a   form
far   removed,   osteologically,   from   the   true   Herons.

Synoptical   ami   Comparative   Review   of   tiie   cliief   Osteoioi:;icai    Clia  fac-
te rs  of  certain   species   of  Nortli   American  ArdeincB.

1 .  In  all  the  North  American  Ardeince  the  superior  osseous  mandible  is
of  a  subpyjamidal  form,  with  its  base  merging  into  the  skull  and  its  apex
at   the   tip   of   the   beak.   It   has   three   sides,   the   angle   of   the   culmen
being  rounded  off,  the  other  two  angles  being  cultrate.  In  length  it  is  a
little   less   than   twice   as   long   as   the   remainder   of   the   skull,   being
notably  j-//w/<!V'  in  some  of  the  Night  Herons  than  in  the  genus  Ardea.

2.   Osseous   internasal   septum   very   incomplete   or   altogether   absent.
3.   All   are   acutely   holorhinal   birds.
4.   All   have   (in   the   dried   skull)   a   moderate   movement   at   the

cranio-facial   hinge   ;   best   marked   in   the   Night   Herons.
5.   Ethmoid   much   swelled   ;   broad   and   spreading   under   the   frontal

region   ;   and   truncated   transversely   in   front,   just   posterior   to   the   line
of   the   cranio-facial   hinge.

6.   Pars   plana   very   feebly   developed   both   in   Ardea   and   the   Night
Herons.   It   fails   to   meet   the   inferior   and   backward   extending   process
of  the  lacrymal  on  the  same  side.

7.   Very   large,   spongy   maxillo-palatines,   lofty   and   parallel   to   each
other   in   the   rhinal    chamber,   attached   to   nasals   and   premaxillary   by
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bony   union.   In   some   specimens   they   may   come,   in   contact   with
each   other   mesially,   or   they   may   have   the   anterior   part   of   the
vomer   resting   upon   their   hinder   ends.   In   Aniea   they   are   nearly
all   of   a   bony   spongy   tissue   (cancellous).   In   Nycticorax   they   are
generally   overlaid   with   compact   osseous   tissue,   and   cancellous   inter-
nally.

8.   Vomer   is   a   single   plate   ;   deep,   sharp   and   produced   in   front   ;
doubly   carinate   above,   with   the   two   cari  nations   curled   over   outwardly
so   as   to   create   a   longitudinal   trough   upon   that   aspect   :   united   with
palatines   behind   and   free   anteriorly.   Inferiorly   it   shows   its   original
bifurcated   form,   with   greater   or   less   distinctness.

9.   Palatines   are   doubly   carinated   longitudinally   ;   inner   keels   being
in  close  contact  on  the  halves  towards  the  rostrum  (a  contact  that  may
result   in   anchylosis   in   very   old   individuals).   Anteriorly   they   are   hori-

zontally flattened  and  merge  with  the  premaxillary  and  surrounding
bones.   The   posterior   angles   of   their   outer   carinations   bluntly   pointed
and   not   prominently   produced.   Pterygoidal   heads   extensively   in
contact,   and  above  unite  to  form  a  groove  for  the  rostrum.

10.   A   post-maxillary   present   (?).
11.   Basi  -pterygoid   processes   absent   (negative   character).
12.   Quadrates   very   large   ;   the   foot   of   either   having   four   facets   for

the   mandibular   articulation.
13.   A   lacrymal   bone   is   very   large   and   articulates   with   both   nasal

and   frontal   of   its   own   side.   In   Ardca   its   infero-produced   portion   is
roughly   parallel   to   the   maxillary   below   it.   In   Nycticorax   it   makes   a
wide  angle  with  the  same  bone,   the  anterior  end  of   its   infero-produced
portion   being   much   elevated.

14.   Interorbital   sci)tum   shows   one   large   vacuity   which   includes   the
optic   and   other   small   nerve   foramina   near   it.   In   Aiuha   the   foramen
for   first   pair   of   nerves,   generally   very   large.   In   Nycticorax   n.   ucevius
these   are   smaller.   In   Nycticorax   vio/acei/s   (adult)   they   are   very   small
indeed,  and  just  allow  the  passage  of  the  nerve.

15.   Three   jutting   processes   on   lateral   aspect   of   cranium.
16.   In   Ardea   and   N.   n.   ncevius   the   crotaphyte   fossae   are   separated

by   a   considerable   longitudinal   median   line.   In   N.   violaceus   it   is   by
a  tract  of  some  width.

17.   i'oramen   ovale,   lateral.
18.   In   Ardea   mandibular   angle   obliquely   truncated.   In   Nycticorax

mandibular   angle   vertically   truncated   (least   obliquely   in   A.   virescens.
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least    vertically   in   N'.   7i.   ncez'iiis).       As  a   negative   character  we  find
ihe   mandible   in   all   Ardeime   without   a   ramal   vacuity.

19.   There   are   44   vertebrre   and   a   pygostyle   in   the   vertebral   column
of   the   Ardeina.   In   all,   the   dorsal   series   are   free   ;   in   all,   the   twenty-
fourth   to   the   thirty-seventh   inclusive   are   anchylosed   with   the   pejvic
bones   ;   in   all   there   are   seven   caudals.   In   Ardea   the   eighteenth   and
nineteenth   vertebrae   bear   free   ribs,   and   all   seven   caudal   vertebrae   are
free.   In   Nycticorax   violaceiis   the   seventeenth,   eighteenth   and   nine-

teenth vertebrae  bear  free  ribs,  and  the  anterior  caudal  vertebra  an-
chyloses with  the  sacrum.  "WiO. pygostyle  is  comparatively  small.  The

epipleural  appendages  of  the  ribs  are  small   and  free.
20.   Sternum   of   good   size   ;   its   manubrium   prominently   developed   ;

broadly   2-notched  ;   four   articular   facets   on  either   side  for   costal   ribs   ;
carina   rather   deep,   its   lower   border   convex   and   nearly   the   arc   of   a
circle   ;   dorsal   aspect   very  concave  ;   coracoidal   grooves  decussate  ;   cos-

tal processes  broad  ;  one  large  pneumatic  foramen  in  the  median  line
above,   just   over   anterior   border.

21.   Coracoid   and   scapula   non-pneumatic   ;   coracoid   very   broad   be-
low, antero-posteriorly  ;  compressed  from  side  to  side  above  ;  scapular

process  small  ;  slight  differences  in  the  two  bones,  at  their  sternal  ends,
due   to   their   crossing   each   other.   Scapula   broad   anteriorly,   much
compressed  from  above,  downwards  ;   apex  rounded  ;   blade  rather  long,
not   truncate,   but   tapers   gradually   to   the   end.   Furcula   non-pneumatic   ;
upper   half   of   each   limb   convex   anteriorly,   the   reverse   below   ;   when
articulated   with   coracoid,   nearly   reaches   the   scapula   at   the   inner   an-

terior angle  of  its  head  ;  hypocleidium  has  a  superior  and  an  inferior

process.
22.   Pelvis   is   rather   massive   ;   pre-   and   postacetabular   surfaces   about

ec]ual;   ischiac   foramen  large  ;   obturator   foramen  opens  largely   into  ob-
turator space  ;  ilio-neural  grooves  sealed  over  anteriorly  ;  one  pair  of

free  ribs  articulate  with  the  pelvis.
23.   The   humerus   is   the   only   pneumatic   bone   of   the   pectoral   limb,

the   periphery   of   the   orifice   being   in   the   general   surface   ;   remainder
of   limb   well   proportioned.   Bones   of   pelvic   extremity   long   and
straight-shafted,   except   the   iibula,   which   is   short.   In   Ardea   the   fibula
is   short   and   free   below.   In   Nyeticorax   violaeeus   fibula   long   and   an-

chylosed with  tibio-tarsus  below.
24.   Tendinal   osseous   bridge   at   lower   end   of   tibio-tarsus   exists   and

is  thrown  nearly  square  across  the  groove.
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25.   The   hypo-tarsus   of   the   tarso-nietatarsus   3-crestc{l,   graduated   in
size,   the   outer   being   the   smaller   ;   the   tendinal   grooves   pass   between
them.   In   Xycfiiorax   the   two   largest   crests   fuse   across   at   their   pos-

terior free  margins,  and  convert  the  passage  between  them  into  a  closed
canal  for  the  tendon.

26.   Pes   co.n[)3sed   of   well-proportioned   phalanges,   arranged   on   the
plan  of   2,   3,   4   and  5  joints  to  1-4  toes  res])ectivelv.

All   of   the  forms  of   our   North  .\merican  representatives   of   the  genus
Ardea   have   the   skull   very   much   alike,   except,   of   course,   in   the   i)oint   ,
of   size.   In   Ardea   virescens   and   Nycticorax   ?i.   nrevius   the   skulls   are
notably   very   much   alike,   no   pronounced   characters,   in   fact,   distin-

guishing them  ;  while  on  the  other  hand  Nycticorax  violaceus  has  a
skull   that   is   at   once   seen   to   be   distinguished   from   the   skull   in   Ardea
by   its   greater   average   breadth   ;   its   comparatively   much  shorter   beak   :
by   the  form  of   its   lacrymal   bone  ;   by   the  difference  in   the  amount   of
interspace  between  the   crotaphyte   fossns   ;   and  by   the   minute   foramina
for   the   exit   of   the   first   jiair   of   cranial   nerves   as   compared   with   the
large   vacuities   there   in   Ardea.   Finally   by   the   vertically   truncate
posterior   ends   of   the   mandible,   they   being   obliquely   so   in   the   latter
genus.

The   form   of   the   lacrymal   bone   in   these   birds   is   an   interesting   one
for   whatever   other   morphological   differences   may   exist   between   the
representatives   of   the   genera   Ardea   and   Nycticorax,   we   can   always
distinguish  the  skull  of  the  former  from  any  of  the  latter,  so  far  as  our
North   American   species   go,   by   this   bone   alone.   This   difference   per-

tains to  the  lower  part  of  the  lacrymal  as  set  forth  in  my  description
above  (compare  figures   of   skulls   oi   Ardea  and  Nycticorax  given  above),   j

While  engaged  upon  the  present  memoir  I  have  had  before  me  skulls
of   Cancroma   cochlearia   and   other   foreign   heron-forms,   for   which   my
thanks   are   due   to   the   U.   S.   National   Museum   at   Washington,   1).   C.
Since   that   time   some   additional   material   has   come   to   hand.   Part   of
this   is   my  own  and  part   belongs  to  the  U.   S.   National   Museum.  I   find
I   have   an   imperfect   skeleton   of   the   Roseate   S])Oonbill   {Ajaja   ajaja)   ;
skeletons   of   the   White   Ibis   {Guara   allnx),   White-faced   Glossy   Ibis
(^PUi^adis   guarauna)   ;   and   imperfect   skeletons   of   a   few   other   Ibises.
There   are   also   two   or   three   complete   skeletons   of   Tantalus   loculator
or   the   "   Wood   Ibis,"   together   with   a   sternum   and   shoulder-girdle   of
the   Jabiru   {^Mycteria   americana).   I   have   also   complete   skeletons   of
the    American    Bittern    {Botaurus     lentiginosi/s)     and   Ardetta     exilis.
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Among  the   Herons   I   find   skeletons   of   Ardea  ciienilea   and  A.   virescens,
and   some   additional   very   complete   skeletons   of   Nyclicorax.

There   -is   an   interesting   character   to   be   seen   in   the   skull   of   the
Herons,   and   that   is   the   condition   of   the   basi  -temporal   bone.   The
entire  forepart  of   this  element  is   a  free,   triangular  scale,   instead  of  the
usual   small   antero-median   lip   of   it,   underlapping   the   Eustachian   en-

trances and  arterial  foramina.  In  Botaunis  this  character  is  very  dis-
tinctly marked,  so  much  so  that  upon  a  direct  lateral  view  of  the  skull

in   that   genus,   nearly   the   entire   basi  -temporal   is   seen  thus   to   be   con-
spicuously individualized,  and  projects  directly  forwards  as  a  large

triangular  free  osseous  plate,   having  above  it   a   deep  transverse  groove.
(3therwise   the   essential   characters   of   the   skull   in   Botaurus   are   the

same  as   we   find   in   Ardea,   especially   in   A.   virescens.
Upon   comparing   the   characters   of   the   skeleton   of   Ardea   canilea

with   those   set   forth   in   my   synoptical   table   given   above,   I   find   that   it
answers   to   them   most   perfectly,   departing   from   them   only   in   matters
of   minor   detail   and   of   but   specific   significance.

Botaurus   has   all   the   principal   characters   of   a   Heron   in   its   skeleton
and   comes   nearer   Nyctiavax   than   it   does   to   Ardea,   and   is   nearest   to
Ardea   virescens   in   that   genus.   For   instance,   this   resemblance   is
seen  in  such  a  character  as  is   exhibited  on  the  part   of   the  os  fiirciila.
In   both   Botaurus   and   A.   virescens   the   symphysial   part   is   transversely
broad,   and   the   hypocleidium   is   absent,   its   position   being   occupied   by
a   shallow   notch.   The   supero-median   process   above   it,   seen   in   all   true
Herons,   is   also   very   small.   Otherwise   the   shoulder-girdle   and
sternum   of   the   Bittern   are   quite   as   herodine   in   character   as   they
are   in   any   other   member   of   the   genus   Ardea.   Botaurus   has   how-

ever, a  few  distinctive  skeletal  characters  of  its  own,  which,  taken  in
connection   with   others   in   its   anatomy,   plainly   point   to   its   being   a
different   genus   of   birds.   For   some   distance   in   the   pelvis,   the   inner
margins   of   the   ilia   run   closely   parallel   to   the   thin   sacral   crista,   and   it
is   only  at   one  small   place,   anteriorly,   that  these  bones  meet  the  neural
crest   of   the   sacrum.   But   for   the   rest,   the   vertebral   chain   oi   Botaurus
is  much  as  it   is  in  Nycticorax.  This  extends  even  to  its  having  free  ribs
on   the   seventeenth,   eighteenth   and   nineteenth   vertebrae   (see   table
above),   instead   of   only   at   the   eighteenth   and   nineteenth   as   in   Ardea.

With  respect   to   the  long  bones  of   the  limbs,   they  are   comparatively
shorter   and   stouter   in   Botaurus   than   they   are   in   Ardea,   thus   again
agreeing   with   Nycticorax   ;   and   in   both   these   genera   the   hypotarsus   of
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the  tarso-metataisus  is  the  same,  and  is  dilVerent  from  what  we  find  in
Ardea   (see   character   25   of   the   Table).

From   an   examination   of   my   osteological   material   then,   I   would   say
that   if   we   allow   Botaiirus   /cnfii^inosiis   to   represent   the   American   Bit-

terns, its  nearest  affine  among  the  true  Herons  is  Ardea  virescens,  and
next   Ardea   ccerii/ea  ;   and   this   connection   is   through   Ardetta   exilis.
On  the  other  hand,  Botaiirus  lenti^^inosns  is  directly  linked  to  the  Night
Herons,   through   Nyctiiorax   n.   nceviits,   and   next   in   order   Nycticorax
violaceiis.

Osteo/oi^y  of  Tantalus  loculator.

(Wood   Ibis.)

(Ske  Plate  V. )

To   the   U.   S.   National   Museum   I   am   indebted   for   the   loan   of   a
skeleton   of   this   interesting   species   of   Stork.   It   is   complete   all   to
the   few  terminal   vertebrae  of   the   tail   and  the   pygostyle,   and  the   skel-

etal parts  of  the  sense  organs.  From  the  same  institution  I  have  also
an   extra   skull   of   Tantalus.   One   skull   is   considerably   larger   than   the
other   and   is   probably   from   a   male   specimen.   The   smaller   skull
probably   belonged   to   a   female   bird.   Both   are   from   fully   adult   indi-
viduals.

Characters   of   the   Skull.  —  The   superior   mandible   is   three   and   one-
half   times   as   long   as   the   cranium,   measuring   from   the   well-marked
cranio-facial   hinge.   Seen   from   above,   it   is   to   be   observed   that   the
cranial   vault   is   but   moderately   rounded,   and   as   broad   between   the
supero-orbital   peripheries   as   it   is   in   the   parietal   region.   The   fronto-
lacrymal   sutures   are   not   obliterated,   but   all   sutural   traces   of   the   nasal
bones   have   entirely   disappeared.   The   superior   mandible   tapers   grad-

ually  to   a   moderately   decurved   point.   For   its   anterior   moiety   it   is
completely   rounded   from   side   to   side,   while   posteriorly   the   sides   be-

come flat.
The   external   narial   apertures   are   rather   small   and   subelliptical   in

outline.   They   are   not   far   separated   from   each   other,   nor   are   they
very   far   in   advance   of   the   cranio-facial   hinge.   At   the   hinder   part   of
the   skull   the   crotaphyte   fossae  fail   to   meet   in   the   median  line,   to   the
full   extent  of  a  centimeter.  ISut  at  the  sides  of  the  skull   these  "  crota-

phyte "  or  temporal  fossae  are  very  deep,  giving  marked  prominence
to   the   squamosal   process,   while   the   insignificant   sphenotic   process   is
double.       A    narrow,    elongated   excavation     passes   down  the     antero-
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lateral   aspect   of   the   anterior   wall   of   the   brain-case,   which   passes   out
above   between   these   small   prongs   of   the   sphenotic   apophysis.   For
its   entire   length   this   excavation   is   merely   separated   from   the   tem-

poral  fossa  of   the  same  side  by   a   line.   On  this   lateral   aspect   of
the  skull  we  are  also  to  observe  the  unusual  dei)th  of  the  orl>ital  cavity
which   is   due   to   the   great   transverse   breadth   of   the   skull  ;   the   com-

pleteness of  the  roof;  and  the  general  arrangement  of  the  surrounding
bones.

The   interorbital   septum   is   thick   and   perfectly   entire   ;   the   foramen
optieiDii  circular  and  small  ;  while  the  foramen  for  the  nerve  of  the  first
pair   is   exceedingly   minute.   Pars   plana   is   almost   completely   aborted,
though   the   lacrymal   bone   is   of   good   size.   Upon   its   external   aspect,
this   latter   element   is   flat,   its   lower   free   point   being   broadly   rounded,
and   fails   to   reach,   by   quite   an   interval,   the   zygomatic   bar.   It   makes
an  extensive  articulation  with  the  frontal   by  a   broad  base,   and  is,   near
its   middle,   perforated   in   the   antero-posterior   direction   by   an   elliptical
foramen.   Sometimes   this   is   a   deep   notch   instead,   the   bone   not   span-

ning  it   externally.   The   lacrymal   shows   also   another   large   foramen
higher   up,   through   which   nerves   and   vessels   pass   to   the   rhinal   cham-

ber.     The  bone  is  highly  pneumatic.
The   zygoma   is   stout   and   straight,   and   somewhat   compressed   from

side   to   side.   It   makes   a   powerful   ball   and   socket   joint   with   the
([uadrate,   and   at   its   distal   extremity   it   becomes   indistinguishably   fused
with   the   nasal   and   premaxillary.   At   this   point   it   sends   inward   a
horizontal   maxillo-palatine   plate   of   bone,   while   the   mesial   portion   of
this  last-named  element  is  of  great  size  and  composed  of  spongy  tissue.
Together   with   the   maxillo-palatine   of   the   opposite   side   it   nearly   fills
up   the   rhinal   space.   They   fuse   across   the   median   inter-palatine
space   with   each   other,   and   with   most   of   the   bones   in   the   neighbor-

hood. This  open  spongy  mass  is  also  carried  up  to  the  roof  of  the
rhinal   chamber   on   either   side   of   the   narial   openings   to   fuse   with   the
ventral   aspects   of   the   nasal   in   that   locality.   Posteriorly   these   masses
rise   up   over   and   come   close   to   the   anterior   free   edges   of   the   very
lofty   ascending   plates   of   the   palatines   to   a   point   about   opposite   the
anterior   apex   of   the   sphenoidal   rostrum.

The  osseous  surface  of  the  under  side  of  the  superior  mandible  is  ex-
tended well  back  ;  shows  numerous  foraminal  perforations,  and  its

lateral   margins   for   their   entire   lengths,   upon   either   side,   are   produced
downwards  as  not  very  sharp  cultrate  edges.
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The   palatinrs   are   very   short   and   broad   bones   ;   and   they   develop
very   conspicuous   internal   and   external   descending   plates   of   bone.   In
front  they  completely   fuse  with  other  elements  forming  the  roof   of   the
mouth,   while   for   the   short   distance   between   their   internal   descending
plates   they  are   separated  from  each  other   by   a   narrow,   spindle-shaped
space   with   its   long   axis   on   the   middle   line.   Posterior   to   this   again,
and   up   to   the   point   where   they   articulate   with   the   pterygoid,   they
completely   unite   with   each   other   in   osseous   union.   Superior   to   this
coossified   portion   they   make   a   common   longitudinal   cavity   for   the
rostrum,   which   later,   by   close   contact,   rests   in   the   same.

The  vomrr   is   a   long,   narrow,   thin   and  transversely   compressed  spine
of   bone.   Behind,   it   coossifies   thoroughly   with   the   united   palatines
in  the  middle  line  ;  it  then  arches  over  to  the  fused  mass  of  the  spongy
part   of   the   maxillo-palatines  —  the   concavity   of   the   arch   being   below.

After   it   reaches   the   maxillo-palatine   mass   it   becomes   of   needle-like
dimensions,   and   in   this   form,   as   a   free   spine,   it   is   still   extended   for-

wards between  them  in  the  middle  line,  lying  in  a  crease  which  de-
notes their  place  of  fusion.  This  is  an  unusual  form  of  the  vomerine

element   among   birds,   and   very   different   from   anything   we   find   in   the
Herons.   Either   pterygoid   is   short,   stout   and   straight,   and   of   a   tri-

hedral form,  with  sharpened  edges,  especially  the  superior  one.  They
are   in   contact   anteriorly   when   articulated   /;/   situ.   A   quadrate   is   com-

paratively large  and  bulky  in  its  proportions,  with  powerful  orbital
and   mastoidal   processes.   The   latter   is   compressed   transversely   with
truncated   end,   while   the   latter,   somewhat   twisted   upon   itself,   has   a
distinct   double   head   at   its   articulation.   The   mandibular   part   is   mas-

sive  with   an   arrangement   of   facets   entirely   different   from  what   we
found   in   the   Herons.   There   are   but   two   of   these,   upon   either   quad-

rate they  are  separated  from  each  other  by  a  transverse  valley.  The
anterior  facet — rather  the  smaller  of  the  two — is  three  times  as  long  as
it   is   broad,   and   its   long   axis   is   perpendicular   to   the   vertical   median
plane   of   the   skull.   With   it   the   posterior   one   makes   a   slight   angle,   its
outer   end   being   the   most   anterior,   and,   at   the   same   time,   the   one
found   below   the   cup   for   the   proximal   end   of   the   zygoma.   At   this
point  the  space  intervening  between  it  and  the  anterior  mandibular  facet
of   the   quadrate   is   very   narrow.   Most   of   these   bones   at   the   base   of
the  cranium  are  more  or  less  pneumatic.

The   Eustachian   passages   are   open   anteriorly,   and   the   foramina   for
the   internal   carotid   arteries   are   likewise   exposed,   being   unshielded   by



218   Annals   of   the   Carnegie   Museum.

the  usual  antero -median  lip  of  bone  furnished  by  the  apex  of  the  basi-
temporal.   This   latter   is   small   and   triangular,   with   its   postero-basal
line   elevated   in   an   unusual   manner.   Either   paroccipital   is   somewhat
conspicuously   produced   as   a   thickened   scroll-like   process   curling   for-

wards as  an  osseous  wing  to  protect  the  aural  entrance.
The   good-sized   occipital   condyle   is   thoroughly   sessile   —hemispherical

in   form  —  and   unnotched.   Subcircular   in   outline   the.   foramen   magnum
looks   downwards   and   backwards,   the   plane   of   the   occiput   looking
rather   more   directly   backwards.   This   last-named   area  —  broadly   reni-
form   in   outline  —  is   almost   completely   surrounded   by   a   well-marked
occipital   crest   or   line.   On   either   side   below   this   becomes   continuous
with   the   free   margins   of   the   paroccipital   processes.

A   true   "supra-occipital   prominence"   can   hardly   be   said   to   exist,
and  there  are  no  lateral  foraminal  perforations,  such  as  we  find  in  most
species   of   true   Ibises.   A   narrow,   median   vertical   ridge   divides   usually
the   occipital   area,   but   this   does   not   correspond  to   the   eminence   com-

monly described  as  the  "  supra-occipital  prominence."
This   Stork   possesses   a   powerful   acutely   V-shaped   mandible   the   sym-

physial   portion   of   which   is   very   extensive  —  occupying   almost   the
entire   anterior   moiety.   This   part   is   narrow   from   side   to   side,   moder-

ately  decurved,   rounded   below   and   deeply   concaved   in   the   longi-
tudinal direction  above.  The  ramal  limbs  are  flat  and  deep,  especially

in   the   region   where   the   small   ramal   vacuity   exists   in   each.   Either
articular   cup   is   an   extensive   concavity,   vertically   truncated   behind,
and   upon   its   blunt   inturned   mesial   process   exhibiting   the   usual   for-

aminal perforation  for  the  admittance  of  air  into  this  part  of  the  bone.
When   articulated   ///   situ   the   osseous   mandibles   do   not   come   quite

in   contact   for   their   posterior   two-thirds,   and   this   applies   also   to   the
superior   ramal   margin   of   either   side   of   the   lower   jaw,   opposite   the
proximal   two-thirds   of   the   zygoma.   In   either   case   the   interval   is   of
but  small  amount,  being  less  in  the  latter  than  it  is  in  the  former.

Of   the   Trunk-Skeleton   of   Tantalus.  —  This   is   complete   in   the   speci-
men at  hand  with  the  exception  of  all  the  vertebrae  of  the  tail  save  the

first   one  —  the   others   having   been   lost.   In   the   spinal   column,   the
atlas   ap])ears   to   be  non-pneumatic,   but   all   the  remainder   of   the  trunk-
skeleton   enjoys   that   condition   to   a   greater   or   less   degree,  — the   pelvis
and   the   distal   extremity   of   the   scapulae   perhaps   being   the   least   so,
while  it   is  quite  perfect  in  the  other  bones.

Between  the   skull   and  the   pelvic   sacrum  I   count   21   vertebrae.      All
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of   these   are   freely   movable   upon   each   other.   There   are   no   free   ribs
on  the  first   15   cervicals,   but   the  pleurapophyses  become  free  upon  the
sixteenth  vertebra,   though  they  are  hardly  entitled  to  the  name  of   ribs.

There   is   a   long,   free   pair   on   the   seventeenth,   but   they   lack   epi-
pleural   appendages.   The   pair   on   the   eighteenth   vertebra,   or   the   first
true   dorsal   one,   connect   with   the   sternum   by   short   haemapophyses.
This,   and   the   three   following   pairs   of   vertebral   ribs   have   epipleural
processes,   which   are   of   no   great   length   and   are   firmly   anchylosed   to
the   borders   near   their   middles.   The   vertebral   ribs   are   inclined   to   be
flat   and   broad,   the   ultimate   pair   being   considerably   curved   both   an-
tero-posteriorly,   and,   above,   transversely.   The   costal   ribs   become
gradually   longer   and   longer   as   we   pass   backwards,   and   flatter   from
side   to   side.   There   is   a   pair   of   pelvic   ribs   anchylosed   with   that   bone
above,   but   freely   articulating   with   the   longest   and   last   pair   of   the
haemapophyses   below.      No  epipleural   spines   occur   upon  their   borders.

This   arrangement   gives  yfzr   pairs   of   costal   ribs,   in   addition   to   which
we   find   a   small   pair   of   "floating   ribs."   These   are   attached   in   the
usual   way   by   ligament   to   the   posterior   margins   of   the   last   vertebro-

costal pleurapophysis,  lapping  over  the  articulation.
Taking   the   leading   vertebrae   of   the   chain   to   include   the   17th,   we

are  to   observe  that   they  are  inclined  to   be  massive,   and  closely   locked
together   when   articulated.   None   of   their   processes   or   spines   are
prominent.   A   low,   thickened   neural   spine   occurs   on   the   axis   ver-

tebra, but  gradually  disappears  on  the  succeeding  ones,  to  become
quite  absent  on  the  seventh,  and  does  not  again  develop  until  we  come
to  the  thirteenth.   Here  it   is   double,   the  two  halves  inclined  to  come  to
a   point   in   front.   This   is   accomplished   in   the   fifteenth   cervical,   where
this   neural   process   is   distinctly   arrow-shaped,   with   its   apex   directed
anteriorly.   Such   also   is   its   shape   in   the   sixteenth,   while   in   the   seven-

teenth this  is  changed  abruptly  for  the  flattened  (luadrate  process  seen
throughout  the  dorsal  series  of  vertebrae.

The   infero-median   arterial   canal   is   commenced   on   the   sixth   cervical,
where  it   is   open.   On  the  seventh  to   the  eleventh  it   is   nearly   or   (juite
closed,   to   be   open   again   on   the   twelfth   to   the   fourteenth   inclusive,
after   which   it   is   barely   evident.   The   lateral   vertebral   canals   are
slightly   indicated   even   in   the   atlas,   while   they   are   complete   and
closed   in   the   second   to   the   sixteenth   inclusive.   We   also   find   parial
pleurapophysial   spines   beginning   to   develop   on   the   axis   vertebra   ;
on   the   third   they   are   well-marked   and   thickened,   but   becoming   long
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nowhere   in   the   series,   they   gradually   disappear   after   passing  the   ninth
vertebra.   The   "cup"   of   the   atlas   is   notched   superiorly,   and   the
postero-external   angles   of   its   neural   arch   are   produced   backwards.   In
the   third   cervical   we   find   a   short   interzygapophysial   bar,   inclosing,
upon   either   side,   a   small   subcircular   foramen,   which   is   replaced   by   a
shallow   notch   in   the   fourth   vertebra.   Both   pre-   and   postzygapophyses
in  the  second  to  the  fifth  vertebrae  inclusive  are  exceedingly  short   and
massive,  so  when  these  bones  are  articulated  ///  sit/i,  we  are  unable  to
gain   a   view   of   the   interior   of   the   spinal   canal   between   any   two   of
them,   as   we   do   in   the   case,   for   instance,   between   the   seventh   and
eighth,   on   the   superior   aspect.   The   articulations   among   the   centra
are   of   the   usual   ornithic   type,   and   the   neural   canal   is   comparatively
large   through   the   cervical   chain.   Elongation   of   the   vertebrce   takes
place   gradually   from   the   third   to   the   eighth   inclusive,   but   the   ninth
segment   suddenly   assumes   the   general   form   of   a   dorsal   vertebra.
These   latter   are   closely   locked   together   at   their   articulations   ;   are
entirely   devoid   of   h^mal   processes   ;   while   their   low   quadrilateral
neural   ones   are   not   in   contact   with   each   other   in   front   or   behind.
They   have   metapophysial   spines   which   project   both   anteriorly   as   well
as   posteriorly,   but   fail   to   meet   at   either   point.   The   neural   canal   di-

minishes slowly  in  calibre  as  we  near  the  pelvic  end  of  the  chain,  but
is  of  pretty  good  size  throughout.

In   some   particulars   the   pelvis   of   Tantalus   resembles   that   bone   in
the   true   Ibises.   On   the   whole   the   bone   is   broad,   rather   shortish,   and
sub-compressed   in   the   vertical   direction.   The   postacetabular   portion
is   but   very   slightly   bent   on   the   preacetabular   part.   Intimate   anchy-

losis exists  between  the  pelvic  sacrum  and  the  ilia  ui)on  either  side.
Viewed  from  above  we  are  to  note  that  the  ilia  are  much  expanded  in
front   where   they   project   considerably   beyond   the   sacrum.   Their
borders   are   rounded   here,   with   a   pronounced   emargination,   while   the
mesial   borders   meet   and   fuse   for   a   limited   distance   over   the   sacral
crista.   The   fore   part   of   this   preacetabular   portion   of   the   bone   for
the  most   part   faces  upwards,   and  only   outwards  as  it   rises  up  on  the
sacrum,  and  forwards  and  outwards  as  it   sweeps,  on  either  side,  in  the
direction   of   the   acetabulee.   The   "   ilio-neural   canals"   are   sealed   in
behind,   but   open,   as   usual,   anteriorly.   Passing   to   the   postacetabu-

lar  region,   we  find  its   lateral   borders   quite   conspicuously   sharpened,
and   where   they   overhang   the   antitrochanters   —   projecting.   A   row
of   interdiapophysial   foramina   occur   in   the   sacrum,   the   holes   becom-
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ing   progressively   larger   as   we   pass   backwards.   A   few   scattering   ones
occur   to   the   outer   side,   on   either   hand.   The   lateral   postero-ex-
ternal   portions  of   the  ilio-ischiac  bones  extend  backwards  for  a  distance
considerably   to   the   rear   of   the   pelvic   sacrum.   On   side   view,   at   the
extremity   of   these   i)arts,   on   either   aspect,   there   is   seen   a   well-marked
ilio-ischiadic   triangular   notch.   This   character   also   exists   in   the   true
Ibises.   The   ilio-ischiac   foramen   is   large   and   subelliptical   in   outline.
A   pubic   style   is   thickish,   of   nearly   uniform   calibre,   projects   behind
considerably   beyond   the   rest   of   the   pelvis,   and   is   notably   separated
from   the   lower   margin   of   the   ischium   for   its   entire   length.   This
latter   circumstance   leaves   the   large   obturator   foramen  very   open   at   its
hinder   boundary.   A   cotyloid   cavity   is   also   large,   and   its   inner   pe-

riphery is  decidedly  smaller  than  its  outer  one.  Nothing  of  special
note   characterizes   the   anti-trochanter.   The   latter   is   overarched   by
the   iliac   border,   above.   Viewed   upon   its   ventral   aspect,   the   pelvic
basin  is  seen  to  be  deep  and  capacious,  and  the  sacrum  made  up  of  15
vertebrae.   Of   these,   the   four   anterior   ones   throw   out   their   lateral
])rocesses   to   fuse   with   the   under   surfaces   of   the   ilia.   The   fifth   one
just   barely   misses   performing   the   same   feat.   In   the   next   succeeding
four   the   processes,   or   such  of   them  as   are   not   aborted,   are   extended
directly   upwards   so   as   to   be   practically   out   of   view.   The   tt'////i   sacral
vertebra   throws   out   powerful   lateral   struts   to   the   iliac   sides,   just   pos-

terior to  the  acetabulae.  Either  one  of  these  are  expanded  at  the  ex-
tremity. This  is  also  done  by  the  eleventh  vertebra,  but  in  its  case

they   are   shorter   and  very   much  weaker.   Still   more   is   this   the   state   of
these  processes  in  the  last  four  sacral  vertebrse.  As  I  have  already  said,
the  skeleton  of   the  tail   of   this   specimen  has  been  lost,   all   to   the  first
segment.   It   resembles   the   ultimate   sacral   one,   but   is   smaller   ;   it   is
apparently   pneumatic.   Its   low   neural   spine   is   thick   and   it   has   no
haemal   one.   Most   of   the   foramina   for   the   exit   of   the   nerves   of   the
sacral   plexus,   on   either   side,   are   double  —  -one   occurring   immediately
above  the  other.

Passing  to   the  consideration  of   the  sternum,   we  find  its   body  to   be
oblong   in   outline  ;   roundly   and   deeply   concaved   on   its   thoracic
aspect,   where   it   is   riddled   with   minute   and   scattered   pneumatic   fora-

mina ;  and  it  is  seen  to  be  once  well-notched  upon  either  side  of  the
keel   behind.   The   lateral   xiphoidal   processes   thus   formed   are   slightly
longer   than   the   body,   and   directed   posteriorly.   The   mid-xiphoidal
projection   is   rather   broad   and   cut   scjuarely   across.      A   costal   border,
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with  its  five  h?emapophysial  facettes,  occupies  about  half  the  side  of  the
bone,   the   spaces   among   the   facettes   being   deep   little   concavities   with
pneumatic  holes  at  their  bases.

Either   costal   process   is   tilted   outwards,   moderately   well-developed
and   subquadrilateral   in   outline.   The   carina   runs   the   entire   length   of
the  body  of   the  bone.   It   is   deep  in   front   and  gradually   grows  less   so
as   we   pass   posteriorly.   Its   lower   border   is   uniformly   convex   to   the
front,  and  near  the  middle  of  its  side  it  is  strongly  marked  by  the  pec-

toral  muscle-line.   Anteriorly,   its   border   is   concaved   to   the   front,
thickened   and   scooped   out   just   below   the   moderately   developed   and
pointed   manubrium.

Immediately   below   this   latter   process   a   single   pneumatic   foramen   is
seen,   occupying   the   bottom   of   the   upper   part   of   the   aforesaid   con-

cavity. At  the  carinal  angle  we  find  a  large  subcircular  facet  for
articulation   with   the   clavicular   symphysis   of   the   os   furcula.   The
costal   grooves   are   rather   deep   and   they   decussate.   They   each   extend
backwards   to   points   just   in   front   of   the   corresponding   base   of   either
costal   process.   The   anterior   border   of   the   body   of   the   sternum   is
markedly   convex   to   the   front,   and   in   the   mesial   portion   exhibits   a
transverse   concavity.   The   fore   part   of   the   keel   of   this   sternum   pro-

trudes anteriorly  beyond  the  manubrial  process.  There  are  a  number
of   points   in   this   bone   which   disagree   with   the   corresponding   charac-

ters as  they  are  found  in  the  sternum  of  the  true  Ibises,  the  fact  that
it   is   2  -notched   instead   of   being   4-notched,   as   in   the   latter   family,
being  one  of  the  most  conspicuous  ones.

In   the  slioulder-girdle   the  bones  are   all   stout   and  strong.   Os   furcula
is   of   the   U-shaped   pattern,   though   somewhat   inclined   towards   the   V.
Its   clavicular   heads   are   elongated,   thickened,   each   exhibiting   a
peculiar   twist   upon   itself,   and   is   distally   bluntly   pointed.   When
articulated   /;/   situ   either   of   these   ends   are   apparently   only   connected
with   the   corresponding   scapula   by   ligament.   The   moderately   curved
clavicular   limbs   below   the   free   extremities   are   subcylindrical   in   form,
and  at   the  enlarged  symphysis  curve  forwards  to  terminate  in  a  bluntly
pointed   hypocleidium.   At   the   posterior   aspect   of   this   latter,   at   its
apex   we   find   a   smooth,   flat,   subelliptical   facet   for   articulation   with   the
one   described   above   as   occurring   on   the   carinal   angle   of   the   keel   of
the   sternum.   The   pneumatic   foramina   of   this   bone   are   found   upon
the  mesial  aspects  of  the  distal  ends  near  the  apices.

For  the  size  of  the  bird  the  scapula  \s  a  very  short  bone,  being  at  the
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same   time   thick   with   very   little   curvature   to   it.   Its   distal   end   is
bluntly   pointed,   and   it   makes   an   extensive   articulation   with   the   cora-
coid,   affording   at   the   same   time   rather   more   than   a   third   of   the
glenoidal   cavity   for   the   head   of   the   humerus.   Apparently   its   anterior
moiety   is   pneumatic.   A   ^vr^/<vvV/  possesses   a   well-developed   and   curl-

ing  clavicular   j)rocess,   while   the   upjjer   end   of   the   bone   is   laterally
much   compressed,   and   correspondingly   deep   in   the   antero-posterior
direction.   Its   summit   is   moderately   enlarged,   being   nearly   smooth
and   convex   on   top,   and   rises   above   the   clavicle   when   the   elements
are   duly   articulated.   With   respect   to   its   shaft,   we   find   it   to   be   ellip-

tical  upon  horizontal   section,   it   being   somewhat   compressed   in   the
direction   from   before   backwards.   As   usual   the   sternal   end   is   ex-
])anded.   and   only   a   rudiment   of   an   epicoracoidal   process   is   |)resent.
The  mesial   angle   of   this   end  of   the   bone  is   sharply   pointed,   the   con
vex   portion   of   the   sternal   facet   running   clear   out   to   the   end   of   this
point   on   its   under   side.   The   sternal   facet   is   continued   as   a   concave
surface   over   a   lip-like   elevation   of   bone,   nearer   the   middle   line,   low
down   on   the   posterior   aspect   of   this   expanded   end   of   the   coracoid.
No   foramen   is   seen   to   pierce   its   shaft,   as   in   Plegadis  guaraiaia,   while
several   sizable   pneumatic   foramina   always   occur   on   the   inner   surface
of  the  bone  below  its  anterior  summit.

Of  the  Appendicular  Skeleton.  —  Tantalus  has  an  arm -skeleton  of  fine
proportions,   being   at   the   same   time   well   built   and   strong.   In   it   the
Jiunierus   is   the   only   bone   enjoying   jmeumaticity,   the   others   lacking
that   character   entirely.   AVith   regard   to   the   proportionable   measure-

ments of  these  bones  we  find  that  the  humerus  has  a  length  of  17.7
cm.;   the   radius   21.8   cm.;   the   ulna   22.8   cm.;   the   carpo-metacarpus
10.6   cm.;   the   proximal   joint   of   index   digit   4.4   cm.;   the   distal   joint
of   the   same  finger   3.4   cm.;   and  the   pollux   phalanx  3.   i   cm.   No  claws
are  found  upon  the  fingers,   and  the  small   phalanx  of   medius  digit   has
a  length  of  2.1  cm.

Viewed   upon   either   direct   aspect   the   humerus   presents   the   usual
sigmoidal   curves,   and   its   smooth   shaft   is   elliptical   on   transverse   mid-

section. The  radial  crest  (^crista  superior)  is  rather  long,  triangular
in   form,   with   its   free   border   not   sharp.   Conspicuously   develo|)ed,
the   ulnar   crest   {crista   inferior)   surrounds   a   capacious   pneumatic
fossa,  but  the  air  hole  is  not  especially  large,  is  single,  and  situated  on
the  extreme  mesial   side  of   the  fossa,   near  the  middle  line  of   the  long
axis  of   the  shaft.      The  fossa  seen  between  the  smooth  demi-ellipsoidal
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humeral   head   and   the   i)rominent   projection   of   the   ulnar   tuberosity,   is
deep,   as   is   also   the   incisura   capitis.   At   the   distal   end   of   the   bone
both   the   trochlea   radialis   and   ulnaris   are   large,   the   large   fossa   above
them   being   well   scooped   out.   A   low   ectepicondylar   process   is   devel-

oped. On  the  anconal  side  of  this  end  of  the  humerus  we  find  the
usual   grooves   for   the   guidance   of   passing   tendons,   the   su/ciis   anconei
lateralis   being   the   best   marked.

Passing  to  the  ulna  we  are  to  note  that  its  stout,  subcylindrical  shaft
is  but  slightly  curved,  while  down  its  palmar  edge  there  can  be  counted
fourteen   papillae   indicating   so   many   points   of   insertion   of   the   sec-

ondary quill-butts  of  the  feathers  of  the  wing.  At  the  proximal  end
a  good-sized  olecranon  process   is   seen,   being  situated  directly   over   the
fossa   of   articulation   of   the   trochlea   ulnaris   of   the   humerus.

As   to   the   radius,   when   the   bones   of   the   forearm   are   articulated   in
situ,   it   projects,   distally,   somewhat   beyond   the   end   of   the   ulna,   which
it   there   accurately   overlaps.   The   reverse   of   this   is   the   case   at   the
proximal   ends.   Again,   the   distal   moiety   of   the   radial   shaft   is   nearly
straight,   and   runs   parallel   with   the   shaft   of   ulna,   while   the   proximal
half   of   the   radius   is   somewhat   curved,   its   concavity   facing   the   other
bone   of   the   antibrachium,   or   the   ulna.   The   shafts   of   these   two   ele-

ments of  the  forearm  come  in  contact  then  only  at  their  extremities,
thus   creating   an   elongated   interosseous   space,   which   is   of   greatest
width   proximad.   Two   free   carpal   bones   are   present,   having   the   usual
ornithic   characters.   This   latter   remark   might   also   be   applied   to   the
carpo-metacarpus.   Regarding   it,   however,   we   would   say   that   its   main
shaft   (index   metacarpal)   is   very   straight,   and   has   a   calibre   about   one-
third   greater   than  that   of   the   middle   third   of   the   shaft   of   the   radius.
Its   curved   medial   metacarpal   is   far   slenderer,   and   stands   well   away
along   its   continuity   from   the   main   shaft.   Proximad,   where   it   fuses
with   it,   it   is   considerably   expanded   from   side   to   side,   while   distally,
where  it  joins  the  index  metacarpal  again,  it  is  seen  to  be  not  quite  as
long   as   the   latter.   Pollex-   metacarpal   is   very   short   and   projecting.
The   articular   surfaces   of   all   the   bones   entering   into   the   composition
of   the   carpus   are   as   we   find   them   in   birds   generally,   that   is,   of   the
ordinary   species.

The   proximal   phalanx   of   index   digit   is   rather   elongate   with   its   ex-
panded part  not  markedly  developed.  This  latter  part  has  a  small,

distinct   process   distally   which   projects   beyond   the   true   shaft-part   of
the  bone.       It   also  has,   on  its   palmar  surface,   an  oblique  ridge,   divid-
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ing   the   shallow   concavity   there   formed   into   two   nearly   equal   fosste.
Transversely,   the  head  of   this  bone  is   wider  than  the  distal   end  of   the
index   shaft   of   the   carj)o-metacari)us   which   articulates   with   it.   Afrdins
i/i\'i/   l)resents   nothing  peculiar;   it   has   the   usual   small   ])rocess   like   ele-

vation upon  its  hinder  border,  and  when  articulated  ///  s/V//  is  closely
pressed   for   nearly   its   entire   length   against   the   first   joint   of   the   index
finger.   The   trihedral   terminal   phalanges   of   pollex   and   index   digits
are   much   alike   in   their   morphology,   and   depart   in   no   striking   charac-

ter from  what  we  see  in  those  bones  in  all  large  ordinary  birds.  Small
free  sesamoidal  bones  seem  to  be  absent  from  about  any  of  the  articu-

lations of  this  arm-skeleton  of  Tantalus.
In  the  matter  of  development  x\\&  pelvic  limb  is  ecpial  to  the  pectoral

extremity,   but   the   relative   proportions   of   the   corresponding   bones   of
the   three   first   segments   is   cpiite   different.   For   instance,   the   femur
has   a   length   of   10.3   cm.,   while   the   tibio-tarsus   is   26.5   cm.   long,
and   the   tarso-metatarsus   measures   21.   i   centimeters.   Of   course,   in
this,   the   fingers   and   toes   do   not   enter   into   a   comparison,   and   we
would  simply   add  that   the  mid-anterior   toe  has  a   length  of   about   10.7
cm.   The   basal   phalanx   of   the   outside   toe   is   the   longest   of   all   the
joints   of   pes,   measuring  5   cm.   ;   that   of   the  middle   toe  being  4.2   cm.
and   of   the   inside   one   4.4   cm.   The   free   first   metatarsal   bone   is   2
cm.   long,   and   the   basal   joint   of   hallux   has   a   length   of   4.0   centi-
meters.

As  in  the  case  of  the  humerus  of  the  arm,  \.\\q.  fenitir  is  highly  pneu-
matic, none  of  the  other  bones  of  this  limb  enjoying  that  property.  A

large,   single   pneumatic   foramen,   subelliptical   in   outline,   is   found   on
its  anterior  aspect  near  the  summit,  and  just  in  front  of  the  trochanter.
Other   minute   ones   occur   in   the   rotular   channel   between   the   condylar
crests.   This   bone   is   quite   straight   with   smooth   cylindrical   shaft   upon
which   the   usual   muscular   lines   are   but   faintly   marked.   Antero-pos-
teriorly,   the   great   trochanter   is   of   considerable   width,   and   its   crest
rises   conspicuously   above   the   smooth   articular   summit   of   the   shaft.
The  large,   globular   and  sessile   caput   femoris   exhibits   on  its   upper   sur-

face a  vvell-circuniscribed  pit  for  the  insertion  of  the  round  ligament.
At   its   distal   extremity   we  are  to  note  the  unusual   depth  of   the  rotular
channel   in   front,   giving,   as   it   does,   great   prominence   to   the   condyles
in   that   region.   These   last   are   of   themselves   large,   with   their   lower-

most points  being  very  nearly  in  the  same  horizontal  plane.  Poste-
riorly, the  external  condyle  is  powerfully  developed  and  very  prom-
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inent.   It   is   also   deeply   cleft   for   articulation   with   the   head   of   the
fibula.   The   internal   condyle   is   here   markedly   flattened.   Above
them,   the   popliteal   fossa,   though   circumscribed,   is   quite   deep.   It   is
made   so   more   particularly   by   the   form   of   the   internal   condyle,   which
has   a   sharp,   elevated   internal   border   carried   up   for   a   short   distance
upon   the   shaft,   and   a   ledge-like   connection   with   the   external   condyle,
the   flat   upper   surface   of   which   forms   the   distal   side   of   the   popliteal
fossa.   The   patclhe   are   not   present   in   my   specimen,   and   Tantalus
may   either   not   possess   those   sesamoids,   or   they   may   have   been   lost.
I   am  inclined  to  believe  the  species  does  not  have  them,  and  they  are
not  present  in  P/egadis  ii'iiaraufia.

The   wonderfully   long   shaft   oi   tibio-tarsus   is   perfectly   straight   for   its
entire   continuity   until   we   reach   a   point   immediately   above   the   con-

dyles of  the  distal  extremity  ;  at  this  point  it  makes  barely  a  perceptible
turn   forwards.   The   posterior   and   lateral   aspects   of   this   shaft   form
one   continuous   rounded   surface,   while   the   anterior   aspect   is   nearly
flat,   with   a   gradual   and   very   slight   inclination   to   become   longitudin-

ally grooved  at  the  junction  of  the  lower  and  middle  thirds  for  a  dis-
tance extending  over  about  3  centimeters.  On  the  summit  of  the  bone

the  articular  surface  is   nearly  level   and  the  entire  width  of   the  cnemial
crest   is   developed   but   a   short   distance   above   it.   Pro-   and   ectocne-
mial   processes   are   produced  hardly   at   all   down  upon  the   front   of   the
shaft,   but   otherwise   they   are   in   no   wise   reduced,   and   exhibit   the
usual   ornithic   characters.   Almost   immediately   below   the   external   one
we   find   the   fibular   ridge   commencing,   and   thiS;   after   extending   down
the  shaft   for   a   distance  of   about  3   cm.,   terminates  somewhat  abruptly.
At   the   distal   extremity   the   condyles   are   of   a   size   in   proi)ortion   with
the   other   parts;   they   have   the   ordinary   reniform   outline   ;   and   one   of
them   is   no   lower   on   the   shaft   than   the   other.   They   project   beyond
the   latter   about   as   much   posteriorly   as   they   do   in   front.   But   the   in-
tercondyloid   groove   is   decidedly   shallow   both   below   and   in   the   former
situation,   .\nteriorly,   however,   it   is   very   deep,   and   at   its   upper   part
here   forms   a   distinct   rounded   concavity.   This   is   intended   for   the
reception   of   the   conspicuous   and   rounded   process   situated   on   the   an-
tero-median   aspect   of   the   summit   of   the   tarso-metatarsus,   when   that
bone   is   powerfully   flexed   upon   the   leg.   Above   the   just-mentioned
concavity,   the   bone   also   juts   out   a   little   ways,   thus   forming   an   abut-

ment to  add  additional  security  to  the  articulation.  Just  internal  to  this
is   the   very   small   lower   aperture   of   the   tendinal   canal.       The  proximal
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aperture   is   hardly   any   larger,   while   the   overspanning   osseous   bridge
is   thick   and   strong.   Proximad   to   these   characters   again,   the   anterior
aspect   of   the   tibio-tarsal   shaft   is   inclined   to   be   slightly   grooved   for   a
very   limited   distance.   Nearly   opposite   each   other   on   the   borders   of
this   are   two   osseous   tubercles.   They   are   intended   for   the   attachment
of   the   ligaiiient   which   holds   in   place   some   of   the   tendons   during   life.

Fibula   is   strongly   developed   above   the   point   where   it   articulates
with   the   fibular   ridge   of   the   tibio-tarsus.   Then   it   begins   gradually   to
dwindle   in   size,   and   near   the   middle   of   the   latter   bone,   fuses   indis-
tinguishably   with   its   shaft.   We   would   note   also,   that   its   ligamentous
attachment   with   the   fibular   ridge   of   the   tibio-tarsus   is   extremely   close
for  the  entire  length  of  that  'projection.

On   the   summit   of   the   tarso-metatarsus   the   concavities   for   the   tibio-
tarsal   condyles   are   deep,   and   standing   between   them   in   front   is   the
very   pronounced   articular   process   mentioned   above.   The   short   and
massive   hypotarsus   exhibits   a   wide   and   deep   median   longitudinal
groove   for   the   tendons.   The   free   edges   of   its   sides   are   thickened   and
each   turned   outwards   away   from   the   central   excavation.

To   the   outer   side   of   the   external   aspect   of   this   hypotarsus,   and   to
the   inner   of   the   inner   side   of   the   internal   one,   there   is   a   foraminal
aperture,   which   passing   through   the   shaft   of   the   bone,   in   either   case,
makes   an   appearance   anteriorly   immediately   above   the   very   distinct
and   double   tubercle   for   the   insertion   of   the   tendon   of   the   tibialis   an-
ticus   muscle.   This   hypotarsal   enlargement   makes   but   a   feeble   attempt
to   an   extension   down   the   shaft   behind.   As   to   the   shaft   itself,   it   is
(juite   straight   throughout.   Its   sides   are   flat,   it   being   somewhat   grooved
longitudinally   for   its   entire   length   posteriorly,   and   very   much   more
profoundly   so,   anteriorly.   In   the   latter   case   the   groove   is   carried
from   the   summit   down   to   within   a   short   distance   above   the   large
subelliptical   perforating   foramen   of   the   anterior   tibial   artery,   and   even
this   last   has   a   deep   and   narrower   groove   running   into   it   from  above.
.\11   the   distal   trochlear   processes   are   well-developed.   The   central
one  is  the  lowest  on  the  shaft,  the  two  lateral  ones  descend  about  equal
distances,  and  then  each  turns  in  behind  towards  the  median  axis  of  the
bone.   Between   these   trochlese   the   spaces   dividing   them   are   rather
wide,   thus   lending   to   the   processes   themselves   a   notable   distinctness.
The   median   one   is   clearly   marked   by   its   articular   groove   for   its   entire
extent  ;   in   the  case  of   the  other  two,   the  groove  is   not   at   all   evident
in  front  ;   only  faintly  so  distally,   but  becomes  very  manifest   posteriorly.
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The  free  firs/   juetatarsal   is   articulated  in   the  usual   manner.   Its   facet
on  the  metatarsas  is   elongated,   being  on  the  lateral   edge  of   the  shaft
about   a   centimeter   above   the   internal   trochlea.   As   to   the   accessory
metatarsal   itself,   it   is   somewhat   twisted   ;   expanded   proximally   ;   and
bears   distally   the   usual   trochlea   for   articulation   with   basal   joint   of
hallux.   The   joints   of   pes   are   upon   the   normal   arrangement,   that   is,
2,   3,   4,   5   for   first,   second,   third   and   fourth   toes   respectively.   They
are   proportioned,   present   nothing   peculiar,   and   their   principal   meas-

urements have  been  given  above.
The   terminal   or   ungual   joints   are   rather   short,   inclined   to   be   weak,

are   pointed   distally,   and   show   scarcely   any   curvature,  —  really   none   at
all,  —  in   the   antero-posterior   direction.   This   also   applies   to   the   inter-

mediate phalanges  between  them  and  the  trochleae  of  the  tarso-meta-
tarsus.

On   the   Sternum   and   ShonlJer-i^inile   of   Mycteria   :   Taken   in   their
main   characters,   these   parts   of   the   skeleton   in   the   Amazotiian   Adjutant
(Spec.   1  1   51  1,   S.   I.   coll.)   agree   more   or   less   with   the   corresponding
ones   as   we   have   described   them   above   for   Tanta/ns.   There   are   a
number   of   important   differences   however,   as,   for   example,   the   cora-
coids   in   Mxcteria   do   not   discussate   in   their   sternal   beds,   but   are   sep-

arated by  an  interval  of  several  millimeters  of  bone.  Mycteria  again,
has   but   four   hsemopophysial   facets   upon   either   costal   border   of   the
sternum,   and   the   latter   bone   is   relatively   shorter   and   more   massive.
In   front,   the   manubrium   is   entirely   aborted,   while   posteriorly   it   is   2-
notched   in   a   manner   c[uite   similar   to   what   was   found   in   Tantalus.   It
is   highly   pneumatic,   its   thoracic   surface   very   deeply   concaved,   being
actually   riddled   with   various   air-holes.   Peculiar   transverse   and   irreg-

ular corrugations  occur  upon  the  same  aspect,  the  pneumatic  foramina
occurring   in   the   intervals   between   them.   The   carina   is   of   great   depth,
and   somewhat   swollen   in   its   anterior   moiety   by   a   pneumatic   cavity.
The   upper   half   of   the   anterior   carinal   border   presents   a   deep   longitu-

dinal excavation,  at  either  basal  end  of  which  exist  pneumatic  foramina
leading   into   the   carinal   swelling   mentioned   in   the   last   paragraph.
Strong  muscular  lines  mark  the  sides  of  the  keel,  and  the  ventral  aspect
of   the   body   of   the   sternum.   The   several   bones   of   the   pectoral   arch
resemble   those   of   Tantalus   in   general   form.   They   are   also   pneumatic.
Os   furcula   however,   is   more   of   a   decided   U-pattern,   though   its   sym-
])hysis   below  makes  the  same  articulation  with  the  carinal   angle  of   the
.sternum,    as   occurs   in     Tantalus.       The   apices   of    the   free   clavicular
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ends  of  the  arch  are  connected  in  life  with  the  scapuhx;  l)y  an  interval,
on   either   side   of   ligament,   which   likewise   agrees   with   what   we   found
in   the   Wood   Ibis.   A   rudimentary   epicoracoid   process   is   found   upon
either   coracoid,   and   the   anterior   extremities   of   these   latter   bones   are
laterally   compressed,   and   when   the   elements   of   the   girdle   are   articu-

lated ///  sifi/,  they  stand  but  very  little  above  the  clavicle  upon  either
side.

Each  S(-a/>u/a  is   short   and  thick,   being  bluntly   pointed  at   the   distal
end.   Scapula   also   shows   a   general   curvature   along   its   continuity,
being   somewhat   more   marked   than   it   is   in   Tantalus,   and,   what   I
should  have  said  above,  the  lower  border  of  the  keel  of  the  sternum  is
decidedly   more   convex   than   it   is   in   that   bird.   When   the   several
bones   are   articulated   as   in   life,   the   long   axis   of   a   coracoid   is   almost
parallel   with   the   imaginary   line   representing   the   long   axis   of   the   body
of   the   sternum.   The   scapulae   articulate,   each   with   its   corresponding
coracoid   at   an  angle   of   about   86°,   and  the  long  axes   of   the   clavicular
heads   of   the   os   furcula   are   about   in   line   with   them,   on   either   side   ;
while   the   i)lane   in   which   the   remaining   part   of   the   furcula   may   be
supposed   to   exist,   is   parallel   to   the   long   axes   of   the   coracoids.   Either
clavicular   head   of   the   furcula   is   extensively   and   rather   closely   applied
to   the   mesial   side   of   the   coracoid   where   it   articulates,   and   about   a
centimeter   beyond   this,   the   limbaat   once   curve   down   in   the   direction
of   their   symphysis.   The   very   thickish   hypocleidium   bends   abruptly
forwards  — its   posterior   aspect   being   entirely   applied   to   the   facet   occu-

pying the  carinal  angle.

On   the   Skeleton   in   the   Ibises.

(  Guara   alba,     G.    ofdii,    and   Flegadis   giiaranna.  )

(Skk   Plate   IV.;

0/  the   axial   Skeleton:  —  Osteologically,   these   birds   are   very   differ-
ent  from   Tantalus.   Viewed   from   al)ove,   the   cranium   is   seen   to   be

rounded   and   smooth,   with   the   superior   margins   of   the   orbits   wide
apart.   These   latter   borders   are   not   sharp,   but   rounded   off.   In   the
frontal   mid   region,   just   posterior   to   the   premaxillaries,   it   is   inclined
to   be   concaved   in   Plci^^adis,   and   markedly   so   in   Guara   alha.   In   the
former   genus,   too,   there   is   a   median   longitudinal   furrow,   which   is
absent   in   the   White   Ibis.   Both   are   schizorhinal   birds,   especially   in
the   case   of   Guara,   where   the   narial   apertures   are   very   narrow,   elong-
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ated  slits,  and  the  premaxillary  processes  of  the  nasal  bones  are  defined.
The   long,   curlew-like   superior   mandible   is   very   much   decurved,   and

the   culmen   is   rounded   off.   It   is   roughened   towards   the   tip   as   in
certain   snipes,   and,   as   in   them,   somewhat   transversely   dilated   distally.
The   extreme   apex   is   bluntly   rounded.   On   the   posterior   aspect   in
P/('xm:/is   we   find   the   sui)raoccipital   prominence   very   conspicuous,   and
upon   either   side   of   it,   a   large,   subelliptical   foramen.   These   two
characters   are   not   so   strong   in   Guara,   where   the   foramina   are   rela-

tively, as  well  as  actually,  smaller  and  more  elongate.  In  this  genus,
however,   an   "occipital   ridge"   is   pretty   well   marked,   and   it   is   not
so   evident   in   P/ej^d  //s.   The   crotophyte   fossai   are,   mesially,   well
separated.

Upon   lateral   view,   we   notice   that   the   anterior   end   of   the   narial
slit   in   the   beak   is   extended   forwards   as   a   narrow  split   aperture   more
than  half  way  towards  the  extremity,  as  it  is  in  the  Curlew  (^Numeniiis).
Ibises,   however,   have   the   separated   premaxillary   limbs   thus   formed,
far   more   rigid   than   they   are   in   the   Curlews.   This   is   due   to   the   fact
that   the   maxillary   fork   of   the   premaxillary   is   deeper   and   stouter   in
the   Ibises,   and   it   is   more   firmly   held   in   place   by   the   enlarged   and
united   maxillo-palatines   within.   Plegadis   has   a   very   slender   and
straight   zygoma,   with   its   maxillary   end   completely   fused   with,   and
much   hidden   by   the   bones   surrounding   it.   The   free   bar   of   the
nasal   bone,   or  that  portion  passing  between  the  frontal   region  and  the
maxillary   process   of   the   premaxillary,   is   straight   and   flattened.

A   lacrytnal   makes   a   very   extensive   and   close   union   with   the   edge
of   the   frontal   bone   and   nasal.   Actual   anchylosis,   however,   does   not
take   i)lace   along   the   line   of   the   suture.   Its   superior   portion   is   sub-
horizontal   in   position   and   from   this   part   it   sends   inwards   a   distinct
process   towards   the   rhinal   chamber   ;   and   downwards   a   broader   and
antero-posteriorly   flattened   process   towards   the   maxillary.   This   latter
bone   it   reaches   by   the   intervention   of   a   well-developed   osseous   rodlet
representing   an   os   uncinatiDii.   This   descending   process   of   the   lacrymal
also   sends   directly   inwards   a   small   process   that   touches   the   tip   of   a
similar  one  sent  outwards  on  the  part  of  the  small  quadrate /<;?;■.>- //(i-z/a.
The   anterior   wall   of   the   brain-case   is   entire,   as   is   also   for   the   most
part   the   interorbital   septum.   The   foramen   for   the   exit   of   the   first
pair  of  nerves  is  nevertheless  much  cut  awa^  ;  while  on  the  other  hand
the  foramen  rotundum,  and  the  smaller  nervous  foramen  to  its  outer  side,
are   not   so   very   much  larger   than  is   required  to   pass   the   nerves   they
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are   severally   intended   for.   Each   orbital   cavity   is   then   moderately
deep,   its   general   shai)e   being   subhemispherical.   Comparatively,
however,   the   orbit   of   this   Ibis   is   not   so   deep,   nor   so   thoroughly   sur-

rounded by  bony  walls,  as  it  is  in  Tantalus.  A  temporal  fossa,  as
seen   on   this   lateral   aspect   of   the   skull   in   Plei:^adis   is   narrow,   fairly
well   deepened,   and   elongate   in   the   antero  -posterior   direction.   The
scpiamosal   and   postfrontal   processes   are   small.   The   entrance   to   the
aural   cavity   is   considerably   shielded  by   the   bony  rim  that   surrounds  it,
while  we  are  to  note  that  X\\q.  foraineu  oi'ale  makes  encroachment  upon
its   anterior   precincts.   lUit   little   importance   distinguishes   a   quadrate
luvie.   Broad   and   (piadrate   in   outline,   its   orbital   ])rocess   is   squarely
truncated  at   its   free  inner  extremity.   'I'here  is   a  double  facet  upon  the
mastoidal   head,   while   the   mandibular   facets   are   but   feebly   carved   out.
As   compared   with   Tantalus,   these   latter   are   somewhat   differently   dis-
jjosed,   especially   the   innermost   one,   it   being   markedly   angulated   in
the   Ibis   and   strictly   transversely   placed   in   "Tantalus.   Os   quadratuni
in   both   genera   possess   a   small   hemispherical   facet   for   articulation  with
the   proximal   end   of   a   pterygoid   ;   while   the   broad   outer   projection
presents  upon  its   supero-external   aspect   the  usual   little   pitlet   for   articu-

lation with  the  peg-like  process  on  the  inturned  end  of  the  proximal
extremity   of   the   zygoma.   It   will   be   as   well   to   say   nere   in   passing
that  the  facets  on  the  mastoidal  head  of  the  (juadrate  bone  in  Tantalus
are   much   more   distinctly   separated   than   they   are   in   Plegadis.

Turning  to  the  base  of  the  skull  we  find  the  foramen  magnum  to  be
of   large   size   and   subcordate   in   outline.   In   some   specimens   its   supe-

rior margin  is  closely  approached  by  the  supraoccipital  foramen  upon
either   side,   lending   to   the   postero-basic   asi)ect   of   the   cranium   in   this
region   a   very   open   appearance.   The   occipital   condyle   is   very   small
for  a  bird  the  size  oi  Plegadis,  and  it  is  seen  to  be  sessile,  with  a  faint
notch   on   its   supero-niesial   side.   Immediately   posterior   to   the   aural
cavity,   upon   either   side,   there   is   developed   a   strong   and   distinct
descending   paroccipital   process  —  a   character   practically   aborted   in
Tantalus.   Within   these,   and   still   further   forwards,   we   observe   small
circumscribed   pits,   one   on   each   hand,   that   give   passage   to   vessels
and   nerves   through   foramina   at   their   bases.   The   basitemporal   area,
triangular   in   outline,   is   of   fair   size,   while   its   anterior   angle   as   a   free
scale-like   tip   underlapping   the   openings   to   the   F^ustachian   tubes.
These  are  open  channels  for  the  best  part  of  their  extent  in  front,  being
covered   over   only   just   before   arriving   at   either   aural   cavity.
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The   rostrum   is   rounded   beneath   and   carried   to   a   distinct   pointed
y)rocess   anteriorly.   Above   this,   as   the   anterior   ethmoidal   margin,   it
is   carried   o]:)liquely   forwards   and   upwards   to   finally   spread   out   and
give  support  to  the  fore  part  of  the  cranium  in  the  facial  region,  at  its
inferior  surface.

Ibises   lack   basipterygoidal   processes,   and   the   pterygoids   stand   far
away  from  the  lower  part  of  the  brain-case.

A  pterygoid  is  of  good  size,  and  may  be  said  to  be  truly  twisted  upon
itself,   with   its   hinder   half   very   much  compressed  from  side   to   side,   as
is   its   anterior   moiety   similiarly   compressed   in   the   opposite   direction.
Its   anterior   outer   border   is   exceedingly   sharp   and   thin.   When   the
pterygoids   are   articulated  as   in   life,   they   make  an  extensive   articulation
Avith  pterygoidal  heads  of  the  palatines  as  they  do  with  each  other  be-

neath the  spheroidal  rostrum.  This  is  also  the  case  in  Tantalus,  and
the   bones   are   not   altogether   in   the   two   genera.   From   side   to   side,
the   palatines   are   very   narrow   bones.   Posteriorly   for   a   notably   small
part  of  their  extent  they  are  tightly  pressed  together,  and  form  on  their
upper   aspects   in   this   locality   a   short   longitudinal   groove  for   the   recep-

tion of   the   rostrum.   In   passing  forwards   they   are   quite   parallel   to
each   other,   and   thus   beneath   the   maxillo-palatines   to   become,   in   the
adult,   completely   and   indistinguishably   fused   with   the   other   bones.
Upon   their   under   sides   posteriorly,   each   one   sends   down   both   an   in-

ternal and  an  external  lamina  of  bone.  These  plates  are  about  of  equal
proportions,   and   the   postero-external   angle   of   the   outer   one   is   com-

pletely rounded  off.   Anteriorly,  and  upon  their  upper  aspects,  the
palatines   develop   extensive   ascending   processes   or   plates,   which   have
their   planes   nearly   parallel   to   each   other.   These,   when   we   regard   the
skull  upon  its  lateral  aspect,  shut  the  free  part  of  the  sphenoidal  rostrum
out   from   view,   and   the   entire   anterior   border   of   either   one   of   them
has   resting   upon   it,   the   large   maxillo-palatine   of   the   same   side.   Ple-
gadis,   as   in   the   case   with   other   American   Ibises,   has   a   long,   very
slender,   and   anteriorly   pointed   vomer.   This   bone   is   completely   an-
chylosed   with   the   palatines   behind,   exhibits   barely   any   curvature   as   it
j)asses   forwards,   while   its   extreme   tip   just   reaches   the   maxillo-palatines
at   the   point   where   those   bones   fuse   across   the   interpalatine   valley.
This   vomer   has   only   two   points   of   contact   then,   and   these   are   at   its
extremities,   it   being   nowhere   else   anywhere   near   the   surrounding
bones.   There   is   no   doubt   but   that   in   very   old   Ibises   the   palatines
anchylose  with  each  other  in  a  very  thorough  manner.      One  specimen
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in   my   collection   exhibits   this   condition,   and   it   agrees   with   what   we
find   in   Tantalus   and   its   palatine   bones.   In   fact,   as   different   at   first
sight  the  bones  at   the  base  of   the  skull   appear  to  be  in  Tantalus  and
these   ll)ises,   they   are   fundamentally   the   same   in   character.   The
nia.xillo-/>ala  tines   are   large,   spongy   bones,   completely   overlaid   with   a
thii.   coating   of   compact   tissue.   Posteriorly,   they   e.xtend   far   backwards
and   are   here   well-separated   from   each   other,   the   entire   interpalatine
space   and   the   vomer   standing   between   them.   In   this   region   too,   they
mount   w^ell   up   into   the   rhinal   chamber   occupying   much   of   its   room.

Between  the  maxillaries   and  immediately   in   front   of   the   apex  of   the
vomer   their   behavior   is   very   different.   They   here   cross   the   median
space  to  completely  fuse  with  each  other,  and  that  for  a  distance  for  at
least   a   centimeter   in   front   of   the   vomerine   spine.   This   desmognathous
condition   is   not   quite   as   complete,   or   rather   quite   as   extensive,   as   it
is   in   Tantalus   for   example,   because   in   front   of   those   fused   maxillo-
palatines   in   the   Ibis   we   again   meet   with   another   open   vacuity   in   the
middle   line,   which   may   be   a   centimeter   or   more   in   length.   It   usually
extends   as   far   forwards   to   a   point   nearly   opposite   the   anterior   termi-

nations of  the  external  narial  apertures,  which,  of  course,  are  above  it.
We  may  add  here,  what  perhaps  should  have  been  said  in  another  place
above,   that   we   find   a   small   foramen   al)ove   either   pars   plana,   for   the
passage  of  the  nasal  nerve,  and  the  supero-anterior  part  of  one  of  those
mesethmoidal   wings   is   turned   forwards   in   a   peculiar   manner,   so   as   to
form   between   it   and   the   mesial   ethmoidal   plate   proper   a   deej)   fossa,
open   in   front   and   below.   Plegadis   has   the   osseous   circlet   of   sclerotal
plates   in   the  eyes  complete  as   in   other   birds,   but   the  individual   pieces
are   each   very   small   and   overlap   their   fellows   all   round   for   at   least   a
third   of   their   surface,   the   arrangement   gives   a   large   pupillary   ajierture,
and   the   posterior   plates   are   but   slightly   larger   than   the   anterior   ones.
Ear   bones   have   been   lost   in   all   my   present   specimens,   as   have   those
of   the  hyoidian  apparatus.

Coming   to   the   n/and/l'le   we   find   it   decurved   in   a   manner   to   cor-
res[)ond   to   the   upper   bill.   This   curvature   is   general   from   one   end   to
the   other.   The   anterior   ramal   symphysis   is   very   extensive,   extending
back   for   nearly   or   (piite   half   the   length   of   the   bone.   Below,   it   is
deeply  grooved  in  the  middle  line  from  the  apex  to  where  the  symphysial
part   terminates   posteriorly.   This   grooving   is   also   seen   upon   the
superior   aspect,   but   much   more   fully   marked.   A   similiar   longitudinal
L,Toove  also  occurs  down  the  entire  middle  line  of  the  superior  mandible
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upon   its   under   side,   and   as   in   the   case   of   that   part   of   the   bill,   the
lower   jaw   has   also   a   slight   dilatation   at   its   distal   end.   The   posterior
half   of   the   mandible   is   acutely   V-shaped,   its   upper   and   lower   ramal
borders   being   rounded   and   not   sharp.   The   sides   increase   in   vertical
depth  as  we  proceed  towards  the  articular  ends,  and  the  ramal  vacuities
do  not   exist.   There  is   a   sizable   ramal   perforation  or   foramen  however,
farther   back   on  either   side,   near   the   point   where   the   temporal   muscle
makes   its   insertion.   Each   articular   cup   is   rather   small,   though   its   in-

ternal process  is  well-developed  and  the  posterior  one  even  still  better.
These   posterior   articular   processes   are   absent   in   Tantalus   but   present
in   A/a/a.   Here   in   Flegadis   they   each   spring   from   the   extreme   exter-

nal and  back  part  of  the  articular  extremity,  and  each  has  to  its  inner
side   a   concavity   which   occupies   the   true   posterior   aspect   of   either
articular   end   of   the   mandible.   This   part   of   the   bone   is   pneumatic,
but   the   air-holes   are   very   small,   and   found   further   from   the   apices   of
the   internal   articular   processes   than   is   usually   the   case   in   most   birds.

Seventeen   vertebrce   are   to   be   found   in   the   cervical   region   of   the
spinal   column   of   P/egai/is,   before   we   arrive   at   that   one   the   ribs   of
which   are   joined   to   the   sternum   through   the   articulation   of   hrema-
pophyses  or   costal   ribs.   This   is   the  eighteenth  vertebra,   and  it   together
with   the   nineteenth,   twentieth   and   twenty-first   are   solidly   ahchylosed
together  so  as  to  form  one  bone,  such  as  we  find  among  the  typical  gal-

linaceous fowls.  The  twenty-second  vertebra  is  free  and  stands  be-
tween this  compound  dorsal  piece  and  the  sacrum  of  the  pelvis.  This

latter  has  fourteen  more  vertebrae  in  it,  they  being  fused  together  as  in
the  sacra  of   all   ordinary  birds.   In   the  skeleton  of   the  tail   we  find  five
vertebrae,   and   to   these   is   to   be   added   the   pygostyle.   Thus   it   will   be
seen  that   this   Ibis   has   forty-one  vertebrce   in   the   skeleton  of   its   spinal
column,  plus  a  pygostyle,  which  is  probably  composed  of  several  others.

There   is   a   tiny   pair   of   free   ribs,   of   the   most   elementary   character,
on  the  sixteenth  vertebra  ;   the  free  pair   of   the  seventeenth  are  rather
long   and   slender,   and   are   possessed   of   uncinate   processes.   Then
follow  six  pairs  of  tn/e  7-ibs,  all  of  which  unite  below  with  the  sternum
by   means   of   connecting   costal   ribs.   The   last   pair   is   a   ])elvic   pair
and   they   lack   unciform   processes.   All   the   rest   have   these,   though
they   become   progressively   smaller   as   we   pass   from   the   ribs   of   the
eighteenth   vertebra   to   those   of   the   twenty-second.   These   unciform
processes   anchylose   with   the   several   ribs   to   which   each   one   belongs.
These   ribs   are   narrow,   very   thin   and   slender,   and    from    first   to   last
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gradually   increase   in   length   and   curvature.   The   costal   ribs   are   also
much   compressed   from   side   to   side,   and   are   graduated   in   a   similar
manner.

Considering  tlie   I'ertehric   of   the  cervical   rci:;ioii   from  the  first   to   the
seventeenth   inclusive,   we   are   to   observe   that   the   characters   they   in-

dividually present  are  for  the  major  part  quite  different  from  those
found  in   the   corresponding  vertebrae   in   the   neck   of   either   Tantalus   or
the   Herons.   The   atlas   has   a   broad   and   deep   neural   arch,   with   its
postero-external   angles   produced.   Its   articular   cup   is   notched   su-

periorly by  the  odontoid  process  of  the  axis.  Below,  it  has  a  bifid
hcemal   spine,   and   its   other   characters   are   (juite   of   the   common
ornithic   type.   In   the   axis   vertebra   there   is   a   low,   thickened   neural
spine,   with   a   rather   longer,   better   developed   and   more   pointed
hremal   one.   This   vertebra   also   has   a   completed   lateral   vertebral   canal,
with   parapophysial   spines   projecting   from   them   behind.   These   spines
are   longest   on   the   third   vertebra,   and   the   fourth.   On   the   fifth   they
show   signs   of   shortening,   which   is   decidedly   the   case   in   the   sixth
cervical,   after   which   they   rapidly   shorten   throughout   the   series   as   we
pass   backwards,   to   become   quite   absent   in   the   twelfth.   There   is   also
a   progressive   lengthening   of   these   vertebrae   from   the   third   to   the
eighth   inclusive,   they   becoming   at   the   same   time   more   slender   in   ap-

pearance. From  the  ninth  backwards  they  gradually  shorten  and
thicken   again   until   they   finally   assume   the   form   of   those   of   the   pre-
dorsal   ones.   Semi-al)orted   neural   spines   are   found   upon   the   third,
fourth,   fifth   and   sixth   cervicals,   being   entirely   absent   on   the   seventh,
and   do   not   again   appear   till   we   come   to   the   thirteenth   where   this
process   is   bifid.   On   the   fourteenth   it   is   represented   by   a   single
median   tubercle,   while   on   the   fifteenth   to   the   seventeenth   inclusive
it   is   elongated   and   plate-like.   Lateral   vertebral   canals   extend   through-

out the  series  from  the  second  to  that  vertebra  which  first  bears  free
riblets.   In   the   middle   of   the   chain,   the   pleur-   and   parajjophyses
closing   them   in   are   rather   broad   and   deep.   The   infero-median
hypopophysial   carotid   canal   commences   with   the   fifth   vertebra,   where
it   is   open   and   rudimentary.   It   is   nearly   closed   on   the   sixth,   to   be-

come completely   so  on  the  next   following  one.   After   this   its   walls
are   unusually   complete,   and   antero-posteriorly   deep.   This   condition
obtains   until   we   come   to   the   twelfth   cervical   where   we   find   it   small
and   o|)en   again.   In   the   thirteenth   its   j)lace   is   occupied   by   a   single,
plate-like   haemapophysial   spine,   but   this   latter   character   rajjidly   aborts
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in   the   succeeding   vertebroe,   to   include   the   seventeenth.   The   articu-
lations among  the  second,  third,  fourth  and  forepart  of  the  fifth  are  very

close,   the   zygapophyses   l)eing   short   and   thick,   and   no   intervals
among   the   bones   occur   here.   As   we   pass   backwards   however,   the
postzygapophyses   gradually   lengthen,   and   meeting   the   short,   elevated
prezygapophyses   with   their   facets   facing   the   median   plane,   large
lozenge-shaped  vacuities   occur   down  the   chain   as   far   as   the   thirteenth
vertebra.   In   the   third   and   fourth   vertebrae   small   interzygapophysial
foramina   are   present,   one   on   either   side.   Among   these   vertebrae   the
articulations   of   the   centra   are   of   the   usual   ornithic   type,   and   the
elongated   bodies   of   the   fourth   to   the   eleventh   inclusive   are   flat   both
ventrally   and   laterally.   The   twelfth   cervical   is   very   flat   and   broad   on
its   dorsal   aspect,   it   there   having   the   form   of   an   arrow-head   with   the
point   to   the   front,   and   the   lateral   projections   being   represented   by
the   postzygapophyses,   with   their   facets   under   the   ventro  -posterior
sides.   This   condition   is   to   some   extent   foreshadowed   in   the   eleventh
vertebra,   but   quite   disappears   in   the   thirteenth.

For  the  fore  part  of   the  skeleton  of  the  neck,   the  neural   canal  is   of
rather   small   calibre,   particularly   in   the   anterior   end   of   the   vertebrae,
but  it   gradually  becomes  larger  as  we  approach  the  dorsal   region.

In   the   tenth   to   the   eleventh   inclusive,   upon  either   sieie,   we   observe
a   very   delicate   osseous   loop   passing   backwards   from   the   pleurapo-
physial  part  of  the  bone  to  the  side  of  the  centra  of  the  same  vertebra,
where   it   again   co6.ssifies.   These   loops   are   inmiediately   above   the
lateral   vertebral   canal,   and   are   absent   in   all   the   other   vertebrae.   We
find  no  such  arrangement,   however,   in  the  skeleton  of   the  neck  among
these   Ibises   as   we   described   for   the   Herons   and   Bitterns,   any   more
than  is   there  in   Tantalus.

Omitting   the   twenty-second   vertebra,   the   low   neural   spines   of   all
the  dorsal  vertebrae  are  completely  fused  together,  as  are  the  outer  ex-

tremities of  their  diapophyses,  the  latter  by  strong  and  broad  metapo-
physial   coossified   connecting   bands.   Haemal   spines   are   present   upon
the   eighteenth   and   nineteenth   dorsals,   while   the   centra   of   the   eigh-

teenth to  the  twenty-first  inclusive  are  fused  together  in  such  a  com-
plete manner  that  the  ])oints  of  union  are  scarcely  distinguishable.

The   twenty-second   vertebra   possesses   characters   intermediate   between
hose  of  the  twenty-first  and  the  anterior  vertebra  of  the  pelvic  sacrum.

If   we   omit   perhaps   the   atlas,   all   the   vertebrae   of   the   cervico-dorsal
region  of   the  spine  with  their   ribs  and   haemajjophyses,   as   well   as   the
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major   portion   of   the   pchis,   are   more   or   less   pneumatic.       The   caudal
elements  do  not   seem  to  enjoy  this   condition.

There   is   considerable   difference   in   size   in   the   skeletons   of   the   male
and  female  P/(xat//s,   and  this   difference  is   very  well   seen  in   the  pelvis
of  the  two  sexes.  In  the  male  the /'c/v/s  has  a  length  of  6  cm.  and  an
extreme  width   of   3.7   cm.,   the   first   measurement   being  a   medium  one,
taken  between  the   anterior   points   of   the   ilia   to   the   line   of   articulation
between  the  posterior   extremity   of   the  sacrum  and  the  first   vertebra  of
the  tail.   Measuring  the  pelvis  of  a  female  in  the  same  manner,  we  find
these  lines  to  be  respectively  5.2  cm.  and  3.  i   cm.  in  length  and  width.
Upon  the   dorsal   aspect   we   find   the   anterior   margins   of   the   ilia   to   be
transverse,   with   their   antero-median   angles   slightly   i)roduced   for-

wards. These  bones  here  extend  somewhat  beyond  the  first  vertebra
of   the   sacrum.   Their   preacetabular   |)ortion   is   concaved   and   smooth,
having   the   surface   upon   either   side   looking   forwards   and   outwards
posteriorly,   the   direction   gradually   changing   as   we   pass   to   their
anterior   ends   so   as   at   last   it   conies   to   face   almost   directly   upwards.
Mesiad,   they   completely   fuse   with   the   superior   border   of   the   sacral
crista,   and   in   such   a   manner   as   to   entirely   close   the   neural   canals
behind.

Passing   to   the   postacetabular   region,   it   is   seen   that   the   mesial
margins  of  the  ilia  do  not  fuse  with  the  external  borders  of  the  sacrum,
while   the   latter,   being   of   the   elongate-lozenge   form,   has   a   very   reg-

ular  double   row   of   interapophysial   foramina   down   its   length.   These
foramina   begin   small   anteriorly   and   gradually   increase   in   size   as   we
proceed   towards   the   tail.   The   superficial   surface   of   the   postacetabular
part   of   an   ilium  is   about   half   as   wide   as   it   is   long,   being  moderately
convex   anteriorly   and   concaved   behind.

Posteriorly,   both   ilium   and   ischium   project   considerably   beyond   the
hinder   end   of   the   sacrum.   On   a   side   view   of   this   pelvis   we   find   the
inner   ring   of   the   cotyloid   cavity   to   be   rather   smaller   than   the   outer
one  ;   the  antitrochanter  is  small   ;   while  the  ischiac  foramen  is  of  good
size,   and   broadly   elliptical   in   outline.   Posterior   to   this   latter   the
side  of  the  bone  is  much  cohcaved,  and  distally  there  is  a  sharp  angular
notch  existing  between  the  ilium  and  the  ischium,  similar  in  character  to
the   one   found   in   Tantalus.   The   lower   ischial   margin   is   sharp,   and
it  is  only  the  extreme  poster© -inferior  angle  of  this  bone  that  comes  in
contact   with   the   upper   border   of   the   corresponding   pubic   style.   This
leaves   between   them   an   open   obturator   foramen,   and   an   elongated
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obturator   space.   Each   pubic   bone   is   a   long   slender   style   of   nearly
uniform   width,   extending   backwards   far   beyond   the   rest   of   the   pelvis
or   even   slightly   beyond   the   pygostyle   of   the   tail.   These   pubic   ele-

ments are  pointed  at  their  distal  ends,  and  are  throughout  gently
curved,  much  after  the  manner  of  an  /"

As  the  sides  of  this  pelvis  behind  are  nearly  at  right  angles  with  the
roof,   we   have   as   a   consequence   quite   a   roomy   pelvic   basin,   more   or
less   protected   by   bony   walls.   In   front,   on   this   ventral   aspect,   we
find  the  first  four  leading  sacral  vertrebrse,  having  their  lateral  processes
thrown   out   against   the   under   sides   of   the   ilia.   That   vertebra   which
is  opposite  the  acetabulse  behaves  in  the  same  manner,  and  in  its  case
the   extremities   of   the   apophysial   braces   are   much   dilated   in   order   to
be   more   efficient.   Between   this   vertebra   and   the   fore   end   of   the
sacrum,  the  latter  takes  on  the  usual  enlargement  for  the  accommodation
of   the   sacral   enlargement   of   the   spinal   cord   in   that   locality.   Foraminal
perforations  for  the  exit  of  the  nerves  of  the  sacral  plexus  are  double  in
apparently   every   case,   and,   as   in   other   birds,   one   is   placed   above   the
other.

Skeletons   of   the   tail   show   a   number   of   points   indicative   of   feeble-
ness of  development  in  these  Ibises.  In  the  first  three  the  diapophyses

are  not  large,  and  although  they  have  low  neural  spines,   they  are  lack-
ing  entirely   in   htemal   ones.   The   remaining   vertebrae   are   even   still

more   rudimentary,   and   although   they   may   have   minute   evidences   of   a
haemal   spine   or   hypopophysis,   they   are   much   aborted   in   all   other
directions.   Lastly,   the   pygostyle   is   much   elongated,   transversely
compressed,  small  and  narrow,  and  almost  as  weak  as  that  bone  as  we
find   it   in   certain   Grebes.   These   Ibis-birds   have   a   very   light   and
pneumatic   sternum,  that   is   very   much  concaved  upon  its   dorsal   aspect,
where   the   anterior   wall   is   especially   developed   and   nearly   vertical   to
the   body   of   the   bone.   Its   inner   side   in   the   middle   line   is   fortified   by
a  thickening,   at   the  base  of   which  occur  a   few  minute  pneumatic   fora-

mina, as  there  do  also  a  few  to  the  right  and  left  of  it.  These  open-
ings are  not  seen  elsewhere  on  the  sternum,  except  in  the  pitlets  be-

ween  the   small   htemapophysial   facettes   upon  the   costal   borders.
The   sides   in   front   are   well-elevated   above   the   thickened   anterior

border,   though   the   costal   processes   are   much   truncated   off,   and   thus
made   triangular   in   form.   Posteriorly,   this   sternum   is   markedly   four-
notched,   and   the   pair   of   lateral   xiphoidal   processes   on   either   side   are
rather   long   and   slender,  —  the   median   one   very   considerably   stouter
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and  longer.  'I'he  mesial  notches  are  a  little  dee|)er  than  the  outer  ones.
A   costal   border   occui)ies   about   one   half   of   the   lateral   margin   of   the
bone.   The   carina   extends   the   entire   length   of   the   sternal   body,   and  is
wonderfully   deep   in   front,   where   it   is   thickened   just   within   its   sharp-

ened border.
The   lower   border   is   very   thin,   and   the   carinal   angle   is   one   of

about   90°.   On  the   lower   or   ventral   aspect   of   the   sternal   body  we  find
the   main   pectoral   muscle-line   well   marked.

Either   one   extends   from   the   outer   end   of   a   costal   groove   back   to
the   distal   point   of   the   base   of   the   carina,   or   nearly   there.   As   in   Ta)i-
taliis   and   the   Herons   the   costal   grooves   decussate   and   are   remarkable
for   containing   transverse,   narrow,   elongated,   low,   articulate   eminen-

ces,  which   convexities   are   intended  to   accommodate   similar   concavi-
ties seen  at  the  sternal  ends  of  the  coracoids.  Now  although  the  costal

grooves   of   the   sternum   decussate   in   all   the   birds   we   have   just   men-
tioned, it  will  be  as  well  to  add  here,  in  passing,  that  the  characters

of   the   facets   of   those   grooves   and   other   points   about   them   are
quite   different   in   the   several   groups.   There   is   a   small   peg-like   manu-

brium present  on  the  sternum  of  Plegadis,  as  is  the  case  in  the  sterna
of   its   immediate   ibine   allies,   and,   as   a   whole,   this   bone   differs   but
little   among   the   American   genera   of   these   birds.   When   the   elements
of  the  shoulder-girdle  are  articulated  ///  situ  the  long  axes  of  the  cora-

coids are  nearly  in  the  same  line  with  the  long  axis  of  the  body  of  the
sternum,  and  the  os  furcula  not  only  curves  well  away  from  the  former,
but   its   symphysial   portion   is   far   removed   from   the   anterior   border   of
the   carina   of   the   latter.   The   scapulge   have   their   distal   apices   imme-

diately opposite  and  above  the  anterior  margins  of  the  ilia  of  the  pelvis,
and   they,   as   a   whole,   are   well   elevated   above   the   osseous   parietes   of
the  thorax.

Os   furcula   is   of   the   .broad  U-shaped  variety.   It   is   of   nearly   uniform
thickness   and   width   throughout,   with   its   clavicular   limbs   much   com-

pressed laterally,  and  their  free  ends  very  bluntly  rounded  off.  As
we   near   the   symphysis   below,   the   surfaces   gradually   become   reversed,
so   that   what   was   the   mesial   aspect   of   either   clavicle   above,   comes   to
face  below  as  the  anterior  surface  of   the  symphysis  of   its   own  side,   as
does   the   outer   aspect   of   the   clavicle   come   to   be   the   posterior   sym-

physial  surface.   The   merest   rudiment   of   a   hypocleidium   exists,
scarcely   worthy   of   the   name.   During   life   the   distal   end   of   either
clavicle   overlaps   and   is   in   contact   with   the   top   of   the   head   of   the
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scapula  of  its  own  side,  resting  also  a  very  little  on  the  scapular  process
of  the  coracoid.

A   coracoid   is   comparatively   rather   a   short   bone,   being   somewhat
compressed   in   the   antero-posterior   direction.   Its   scapular,   wing-like
process  is  well   produced,  and  is  perforated  by  a  small   foramen  near  its
center.   As   usual,   its   sternal   end   is   expanded,   and   an   elongated   con-

cavity occupies  its  inferior  border,  it  being  intended  for  the  long  con-
vex facette  in   the  coracoidal   groove  of   the  sternum,  which  was  de-

scribed above.  There  is  a  rudimentary  epicoracoid  process  present.
Superiorly,   the   summit   of   the   coracoid   exhibits   the   ordinary   tuberous
head,   and  below  this   for   a   limited  distance  the  shaft   position,   irrespec-

tive of  the  scapular  process,   is   laterally  compressed.  With  the  aid  of
a   scapula   it   forms,   in   the   usual   manner   on   either   side,   the   glenoid   .
cavity,   which   is   of   good   size   in   these   Ibises.   A   scapula   has   a   cimi-
ter-like   blade,   which   gently   along   its   continuity   is   curved   outwards.
It   is   smaller   at   its   neck   than   it   is   distally,   where   it   is   obliquely   trun-

cated from  within  outwards,  a  circumstance  which  gives  a  sharpened
distal   apex.   Its   posterior   portion   is   thin   and   flat,   and   somewhat
broad   ;   its   neck   is   thicker.   With   the   scapular   process   of   the   coracoid
it   makes   an   extensive   articulation,   and   mesially   is   overlapped   with   the
end   of   the   clavicle.   All   these   bones   of   the   pectoral   arch   are   undoubt-

edly pneumatic,  but  owing  to  the  extreme  smallness  of  the  foramina
those   openings   are   found  only   after   careful   search.

A   male   Plcgadis   giiarauna   has   a   scapula   5.6   cm.   long,   and   a   cora-
coid 4.0  cm.  high;  the  same  bones  measuring  in  the  female  4.9  cm-

and   3.6   cm.,   respectively.   In   taking   the   lengths   of   the   coracoids   we
measure  them  from  the  highest  point  on  the  summit  to  the  minutfe  process
seen  at   the   outer   termination   of   the   facette   of   the   sternal   extremity.

The   Pecto7'al   Liin/?  :   As   in   Tantalus,   so   in   Guara   and   Plcgadis,
the   huuierus   is   the   only   pneumatic   bone   of   this   part   of   the   skeleton.
In   G.   alba   it   has   an   average   length   of   10   cm.,   while   in   P.   guarauna
it   rarely   exceeds   9   cm.   Of   course,   it   is   relatively   as   well   as   actually
shorter   in   the   females.   Apart   from   this   matter   of   size,   the   bone   has
the  same  general  characters  as  we  have  given  them  above  for  Tantalus.
In   these   true   Ibises,   however,   the   radial   crest   is   better   developed,   and
its   free   convex   border   presents   an   unusually   regular   curve,   resembling
the   arc   of   a   circle.   Moreover,   the   expanded   portion   of   the   proximal
end   of   the   bone   is   shorter   than   in   Tantalus,   but   the   single   pneumatic
foramen   holds  the   same   position   in   the  three  genera.       In   a  male
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P/fi:[t7ifis  x,n<i''(ii"ni  ihe  i///in  nieasures  in  length  10.9  cm.  and  the  hand
in  the  same  specimen  is  9.5  cm.  long.

The   essential   characters   of   the   bones   of   both   the   antihrachium   and
pinion   agree   in   both   Cri/ara   and   F/ixadis,   but   the   row   of   osseous
papillx   down  the  shaft   of   ulna  are  almost  obsolete  in  the  latter  genus,
while   in   the   \\'hite   Ibis   they   are   very   strongly   marked  —  relatively
stronger,   even,   than   in   Tantalus.   At   the   same   time,   the   ulna   and
the  radius  ;  the  carpal  segments  ;  the  various  bones  of  manus,  have  in
general  the  same  essential*  characters  in  these  true  Ibises  as  we  found
in   the   corresponding   bones   of   Tantalus.   This   does   not   pretend   to
take   into   consideration   either   the   matter   of   size   or   of   relative   lengths.
These  of  course  differ,  although  not  so  very  much  in  the  latter  respect.

The   Pelvic   Limb   :   The   characters   exhibited   on   the   part   of   the
bones   of   this   lower   extremity   are   almost   identically   the   same   in
Flei^adis   and   Guara   :   and   in   neither   genus   is   the   femur   pneumatic   as
we  found  it  to  be  in  Tantali/s  ;  a.\\d  the  shaft  of  this  bone  is  relatively
longer  in  those  genera  also,  than  it   is  in  the  last  named  genus.  Other-

wise the  characters  are  much  the  same  all  round,  and  at  the  distal  end
of  the  femur  in  either  Flcgadis  or  Guara  we  find  the  same  big  condyles,
with  the  dee[)   "   rotular  channel   "   between  them  in  front,   and,   indeed,
all   the   other   principal   characters   described   above   for   Tantalus.   With
e(iual  truth  this  applies  to  the  bones  of  the  leg,  the  tarso-metatarsus  and
pes.   In   the   tarso-metatarsus,   however,   the   longitudinal   groove   down
the  back  of  the  shaft  of  that  bone,  is  by  no  means  so  well   marked  in
Plegadis   as   it   is   in   Tantalus.   It   is   particularly   deep   in   front   in
Guam,  but  does  not  there  extend  more  than  half   way  down  the  shaft.

In   Pli'gadis   guaiauna,   in   the   same   male   specimen   as   I   used   above,
I  find  the  tibio-tarsus  to  have  a  length  of  13.7  cm.  and  the  tarso-meta-

tarsus a  length  of  10.5  cm.  These  measurements  are  relatively  very
different  in  Guara  alba,  for  in  the  same  bones,  respectively,  we  find  the
lengths  to  be  12.6  cm.  and  8.7  cm. — showing  about  a  centimeter's  dif-

ference in  the  tibio-tarsi,  but  nearly  two  in  the  case  of  the  tarso-meta-
tarsi.   Guara   is   the   shorter   legged   bird,   without   having   lost   any
skeletal   alar   extent   with   respect   to   the   pectoral   extremity.

Notes  on  the   Osteology  of  the  Roseate  Spoonbill.
i^Ajaja   ajaja.')

(See  Figurfs  38,  39,  40  and  41.)
As   I   have   before   said,   my   material,   illustrating   the   osteology   of   this

16
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interesting   form,   is   incomplete.      We   have  a  skull,    however,   and   T
also  find  the  bones  of  the  extremities.

Of   the   Skull  :   Regarded   from   above,   it   is   seen   that   the   vault   of
the   cranium,   including   an   area   bounded   by   the   occipital   ridge,   the
orbital   peripheries,   and   the   anterior   terminations   of   the   frontal   bones,
is   smooth,   completely   convex   and   rounded,   being   unmarked   by   either
elevation   or   depression   of   any   kind.   In   the   frontal   region   the   trans-

verse line  measuring  the  shortest  distance  between  the  very  rounded
orbital   margins,   usually   averages   about   a   centimeter   and   a   half.   The
cranio-facial   region   is   but   very   slightly   depressed,   while   the   fusing   of
the   nasal,   maxillary,   frontal,   to   a   great   extent   the   lacrymal,   and   finally,
the  premaxillary   bones  as   seen  upon  this   view  is   wonderfully   complete.
So  much  is  this  the  case,  that  the  only  sutural  traces  at  all  evident  are  those
of  the  premaxillary  and  of  the  lacrymals,  and  even  these  are  very  faint.

The   superior   mandible   is   very   broad   from   side   to   side,   and   greatly
compressed   in   the   vertical   direction.   It   gradually   contracts   in   width
as  we  pass  forwards,  up  to  a  point  about  midway  between  the  cranium
and  its   anterior  termination  ;   and  at   the  same  rate,   it   begins  to  widen
again,   to   finally   spread   out   distally   into   a   broad   spatulate   extremity,
which   shows   a   slight   decurvature   at   its   tip.   The   anterior   half   of   this
almost   unique   structure   is   perfectly   flat   and   in   the   horizontal   plane,
having   about   the   uniform   thickness   of   the   blade   of   a   table-knife.   The
bony   external   nasal   apertures   are   well   forward   ;   are   of   medium   size
and   spindleform   in   outline.   They   stand   about   half   a   centimeter   apart,
with   their   major   axes   parallel   to   each   other,   and   pierce   directly   back-

wards. As  the  floors  of  these  openings  are  laid  down  in  solid  bone,
and  their  calibres  not  large,   we  can  gain  through  them  no  view  of  the
rhinal   chamber   into   which   they   lead.   Starting   from   the   anterior   apex
of   either   one,   we   find   an   indented   line   passing   directly   forwards.   It
sweeps   round   the   margin   of   the   bill   within   a   few   millimeters   of   its
free   border,   to   end  by   abruptly   running  out   at   that   border   at   a   point
slightly   to   one   side   of   the   median   one   of   the   apex.   These   lines   are

.   very  sharply  defined.
On   the   lateral   aspect   of   the   skull   the   post-frontal   process   is   (juite

rudimentary,   and   the   scjuamosal   one,   hardly   much   larger,   is   repre-
sented by  a  small,  sharp,  inturned  spinelet.

The   valley   of   the   temporal   fossa   between   them   is   short   but   well-
marked.   An   orbit   is   deep   and   subcircular   in   its   general   form,   while
the   septum  separating   these   two  cavities,   is   entire.
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The  small   foramen  for  the  exit   of  the  first  pair  of  nerves  is  a  short
and   rather   broadish   slit,   and   the   nerve   passes   forwards   in   a   very   well
defined,   open   groove,   which   leads   directly   into   a   circular   foramen   in
the   supero-mesial   angle   of   the   thickened   pars   plana   of   the   ethmoid.
The  "  foramen  rotundum  "  is  just  of  a  sufficient  size  to  pass  its  nerve,
as  is  also  the  case  with  the  lesser  opening  to  its  outer  side.  Still  further
CKternally   we   note   in   plain   view,   the   foramen   ovale.   It   is   likewise
circular   in   outline,   and   nearly   equal   in   size   to   the   foramen   rotundum.
A   zygoma   is   short,   very   straight,   and   slender.   Proximally,   it   makes   the
usual   articulation   with   the   quadrate,   while   distally,   the   maxillary   por-

tion completely  fuses  with  the  very  broad  nasal  and  the  premaxillary.
This   latter   end  of   the  zygomatic   arch  is   found  in   a   much  higher   plane
than   the   quadrato-jugal   extremity   when   the   skull   is   in   the   horizontal
position.   At   its   externo-inferior   angle   the   pars   plana   develops   an   out-

standing thin  plate-like  process  that  fails  to  quite  come  in  contact  with
the   lacrymal.   This   latter   bone   is   not   large,   and   is   twisted   upon   itself,
so   that   its   descending  plate   faces   forwards  and  backwards  ;   while   from
its   lower   external   angle   a   little   tip   is   produced,   which   through   the
medium   of   a   short   rod-like   and   free   os   iiiiciiiattiin,   is   extended   so   as
to   reach   the   maxillary   bone   below.

In   front   of   these   three   last-named,   and   branded   anteriorly   by   the
free,   sharp,   convex   margin   of   the   nasal,   we   are   to   observe   a   large,
subcircular   vacuity   that   looks   into   the   rhinal   chamber.   This   last   is
much  filled  in   by  the  very  extensive  and  fused  osseous  mass,   made  up
chiefiy   of   the   swollen   and   spongy   inaxillfl-palatiiics.   The   anterior
wall   of  the  brain  case  is  more  than  usually  thick  and  dense,  and  is  un-
perforated   in   any   part   of   its   extent   by   foramina.   Posteriorly,   the
cranium   of   A'aja   is   more   than   commonly   rounded   and   smooth   ;   the
occipital   ridge   being   but   feebly   pronounced,   and   the   supraoccipital
prominence   not   very   decidedly   marked.   On   either   side   of   this   the
bone   is   very   thin,   but   foramina   are   not   seen   there   in   thoroughly   ma-

tured birds,  as  they  are  in  Plegadis  and  Guara.  Foramen  magnum  is
inclined   to   be   large,   and   is   nearly   circular   in   outline.   Its   plane
makes   an   angle   of   about   45°   with   the   base   of   the   cranium   or   more.
The   condyle,   of   no   great   size,   is   at   the   same   time   somewhat   jutting.
At   the   base   of   the   cranium   the   outstanding   paroccipital   processes   are
conspicuous,   and   the   small   basitemi)oral   area   is   tilted   upwards,   so   that
its  anterior  apex  occupies  a  much  higher  plane  than  its  base  posteriorly.
The   thickened   sphenoidal   rostrum   is   inclined   to   be   triangular   for   its
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hinder   portion,   so   that,   although   the   pahitine   ends   of   the   pterygoids
extensively   articulate   with   each   other,   they   are   at   the   same   time   ap-

plied against  the  sides  of  the  rostrum.  In  front  it  runs  out  as  a  spine,
and   the   ethmoidal   mass   has   nearly   a   straight   anterior   margin   (or   at
the  best  but  little  concaved),   which  at   the  same  time  is   nearly  vertical.
The  pterygoid  is  short  and  curved,  with  its  convex  sharp  edge  presented
outwardly,   when   articulated.   These   bones   make   the   usual   articula-

tion with  the  quadrates.   One  of   these  last   is   a   comparatively   large
bone   for   the   size   of   the   bird.   Its   broad   orbital   process   has   its   free
end   truncate  ;   its   mastoidal   end   presents   the   double   articulatory   facet,
with  a  feeble  division  drawn  between  them  •  and,  as  for  its  mandibular
articulation,   it   is   peculiar   from   the   fact   that   it   appears   to   have   but
one   general   elongated   transverse   facet,   with   an   extremely   shallow   and
faint   antero-posterior   line   at   all   dividing   it   into   two.   Otherwise,   the
bone  has   the  usual   ornithic   form,   with   the  body  somewhat   compressed
from   before,   backwards.   The   short   pa/atines   are   extremely   broad   and
are   separated   mesially,   but   by   a   very   narrow   slit.   Through   this   latter
the   long,   spine-like   vomer   is   seen,   that   anchyloses   with   them   pos-

teriorly. Upon  their  under  sides  the  palatines  are  flat  and  smooth.
Behind,   they  meet  the  pterygoids,   and  in   this   part   of   their   extent   they
are   considerably   swollen,   with   their   outer   angles   completely   rounded
off.   In   front   they   are   indistinguishably   fused   with   the   usual   bones
of  the  face  and  palate  that  they  meet.

All   the  ordinary  palatal   laminte  and  processes  are  much  subordinated
and  inconspicuous  ;  the  main  object  of  these  bones  here  seeming  to  be
to  furnish  a  broad,  osseous  roof  to  the  fore  part  of  the  mouth,  and  this
they   most   emphatically   accomplish.   Either   ear   entrance   is   pretty
well   surrounded   by   bony   walls,   while   the   apertures   to   the   Eustachian
tubes,   in   front,   are   more   or   less   exposed.   The   usual   nervous   and
arterial   foramina   are   found  occupying   their   more   common  sites,   at   the
skull's   base,   in   this   Roseate   Spoonbill.   Beyond   the   abrupt   anterior
termination   of   the   palatines,   the   under   side   of   the   superior   mandible
is   flat   and   rather   smooth,   being   unpierced   in   any   part   of   its   extent
by   vacuities   of   any   kind.   There   is   a   line-hke   median,   longitudinal
furrow,   best   marked   posteriorly.   There   is   a   peculiar   emargination   to
the   spatulate   end  of   this   bone  on   its   aspect   now  being   considered.   It
is   narrow  where  the  mandible  is   narrow,  and  broad  where  it   is   broad.
Anteriorly,   it   runs   out   before   coming   to   the   middle   point   upon   either
side,   and   is   marked   for   its   entire   extent   by   a   system  of   very   delicate
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linings,   that   are   close   together   and  take   the   same  course   as   the   mar-
gins  of   the   l)one   itself.   Somewhat   fainter   lines   of   a   similar   nature

mark   the   central   portion   of   the   under   surface   of   the   spatulate   end   of
the  upper  hill.

'I^^

W-   'I

3

l-li..  JS.
J

isl

Fig.  39.
,  l!^\  ^^'   ^;7'""V"'7  °^^^""  «f  ^7->  -y->-      Two-thirds  natural  si^e  (probably

female ).     I  .-awn  by  the  author  from  specimen  1505  of  the  .Smithsonian  Collection
IG   39.      K.ght  lateral  view  of  skull  and  detached  mandible  of  Aya/a  ajaja  ■  H  nat

|«.     Drawn  by  the  author  from  same  specimen  shown  in  l-i-.  38.         '  '       -  ̂      '
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The   upi)er   surface   of   the   lower   jaiv   is   siniiliarly   sculptured,   and   we
will   not   refer   to   the   fact   again.   I'he   distal   portion   of   this   bone   in
the   Spoonbill   is   dilated,   horizontally   flattened,   lacking   in   either   con-

cavities or  convexities,  and  having  a  form  quite  "similar  to  the  ex-
panded portion  of  the  distal  third  of  the  superior  mandible.  For

their   middle   third,   the   mandibular   rami   are   slender,   and   very   much
compressed   in   the   vertical   direction.   On   the   other   hand,   their   prox-

imal extremities  are  low  and  transversely  compressed,  and  no  ramal
vacuity   is   present   in   them.   The   general   form   of   the   bone   may   be
said  to  be  U-shaped,  but  this  is  to  a  great  extent  masked  by  the  distal
expansion.   The   articular   ends   are   decidedly   though   gradually   de-
curved,   and   their   distal   extremities   present   the   usual   ornithic   char-

acters. Their  "  cups  "  are  deep  ;  the  inturned  processes  blunt  ;  and
posteriorly   they   are   somewhat   produced   and   hooked.   In   this   latter
l)articular,   however,   the   character   it   not   quite   so   pronounced   as   it   is
in  the  true  Ibises.

Since   writing   the   above,   and   upon   further   investigation,   another
skull   of   A.   ajaja   was   discovered   in   the   collections   of   the   Smithsonian
Institution,   which   upon   examination   was   found   to   be   a   very   old   and
incomplete   one.   Such   characters   as   it   exhibited   agreed   in   all   essential
particulars   with   what   has   just   been   given   above.   The   sternum,   os
furcula,  and  right  scapula,  of  an  adult  specimen  of  a  female  Ajaja  regia
from   New   South   Wales,   Australia,   was   also   met   with   in   the   same   col-

lection, and  these  bones  were  sufficient  to  show,  that  in  this  part  of
the   skeleton   at   least,   Ajaja   agreed   very   closely   indeed   with   the   true
Ibises,   as   PlegaiUs   and   its   near   allies.   The   stcniuin   in   this   species   is
4-notched  and  lacks   a   manubrium,   and  the  fare-  u  la   is   a   broad  U-pat-
tern,   of   a   typical   Ibis   character,   as   is   also   the   scapula.   From  this   it   is
fair   to   presume,   that   in   the  matter   of   its   trunk  skeleton,   the  Spoonbill
probably   agrees   with   those   birds.

Of   the   Litub-bones   :   A   lot   of   these,   numbered   1504   of   the   Smith-
sonian collection,  belonged  to  a  specimen  of  Ajaja  ajaja.  They  con-

sist in  a  skeleton  of  the  right  pectoral  limb,  perfect  all  to  the  poUex
digit   ;   in  a  skeleton  of  the  left   leg  below  the  femur,   perfect  all   to  the
last   joint  or  two  of   the  outer  and  middle  toes  ;   and  finally,   of   an  im-

perfect fibula  and  tibio-tarsus  of  the  right  pelvic  limb,  the  proximal
end  having  been  cut  away  and  lost.

This   humerus   has   an   extreme   length   of   13.5   cm.   thus   being   about
one-third  larger  than  that  bone  as  we  find  it   in  a  male  Plegadis  guar-
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auna.   Apart   from   this   difference   in   size   the   essential   characters   as
found   in   it,   the   Spoonbill   practically   agrees   with   the   corresponding
ones   as   they   occur   in   ihe   humerus   of   the   Ibis.   This   statement   applies
with  eipial  truth  to  the  bones  of  the /^'-'r(i'/-w,  carpus  zxid /la/iif.      I  find

I   _^,^00r?^^-?^^_^

l"iG.   41.   Fig.   40.
Fig.  40.  Distal  end  of  the  mandible  of  Ajaja  ajaja  :  superior  surface  ;  j4  nat.  size.

Probably  a  male.
Fig.  41.  Mandible  of  Ajaja  ajaja.  Inferior  surface  ;  j  ̂ nat.  size.  Belongs  to  the

same  skeleton  from  which  the  skull  shown  in  Fig.  39  was  taken.  Both  figures
drawn  by  the  author.

in   Ajaja,   however,   the   ulna   to   have   a   length   of   15.7   cm.,   and   maims
an   extreme   length   of   9.4   centimeters.

Passing  to  the  bones  of  th^  pelvic  extremity,  we  are  at  once  struck  by
a   very   notable   difference   in   these   two  genera,   for   although  the   salient
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characters  of   the  skeleton  of   these  parts  are  truly  those  of   the  ibis   in
A/a/a,   yet   in   the   latter   the   tihio-tarsiis,   the   farso-nietatarsiis,   and   the
joints   of   pes   are   each   and   all   proportionately   very   much   shorter   and
stouter  than  they  are  in  Plegadis.  In  the  case  of  the  tibio-tarsus  it  has  a*
length  in   the  Spoonbill   exceeding  that   bone  in   the  ibis   by  but   a   trifle
more   than  two  centimeters   ;   while   in   the   case   of   the   tarso-metatarsus
there  is   a   difference  in   length  of   but   about   half   a   centimeter   in   favor
of   Ajaja.

The   several   toe  -joints   in   the   foot   of   the   latter   are   also   proportion-
ately stouter  than  the  corresponding  ones  in  the  skeleton  of  pes  in

Plegatiis,   but   they   vary   considerably   in   the   matter   of   their   several   rel-
ative lengths.  For  example,  the  basal  phalanx  of  the  middle  toe  in

Ajaja   has   an   extreme   length   of   3.5   cm.;   in   P/egadis   it   measures   3.2
cm.   while   in   the   case   of   the   second   joint   of   the   inside   toe,   we   find
they  are  precisely  of  the  same  length  in  the  two  species.

On  the  Taxonomy  of  this  Group

From  my   studies   of   the   osteology   of   the   American   and   other   forms
representing   the   Herodiones,   and   taking   into   consideration   all   else
that  has  ever  come  to  my  notice  upon  the  rest  of  their  morphology  and
habits,   I   conceive   the   several   groups   of   birds   composing   this   suborder
to   have   a   relation   to   each   other   something   after   what   is   proposed   in
the  subjoined  scheme,  viz.  :

SUPERFAMILIES.   FAMILIES.
r   T,   -J   .,   f   Plataleidse.Ibidoidea  <   ,,   .,-,Suborder.   I   I   Ibididn;.

•   T   I     /^-   J   (   Ciconiidas.
Herodiones  J    Ciconoidea  ^   Scopiidre.

1,   ,       •   .    .^   .,   f   Bala-nicipidae.baktmcipitoidea  -(   ^   ^,1   ^   (  LancromidtB.
Ardeidoe.

Taken   as   a   whole   there   is   hardly   any   question   now   I   think,   but
that   the   Herodiones   are   linked   with   the   Anseres,   through   the   Plata-
leidcB  of   the  present  group,   and  the  Flamingoes,   of   the  group  next   to
be   considered.   Perhaps   Ajaja   ajaja   is   the   species   among   the   Amer-

ican Ibidoidea  most  nearly  related  to  Pluvuieoptems  rither.  Many  other
avian   taxonomers   of   the   first   rank   likewise   claim   that   the   Herodiones
are  in  some  way  linked  vvith  the  Accipitres  or  e\'en  with  the  Stet^ano-
podes,   with   the   first   by   the   Storks   leading   through   the   Secretary
Bird,   and   with   the   latter   in   some   strange   way   with   the   Tropic   Birds
or   even  the    Frigate   Birds.      To    me,     the   first-named  affinity   may   be
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probable,   but   I   am  somewhat   sce|)tical   in   regard   to   it   ;   in   any   event
far   more   extensive   anatomical   comparisons   are   necessary   between   the
representatives   of   those   two   grou|)s,   than   have   as   yet   been   made   in
their  case.

That   the   PlatalciJu-   and   the   Ibididic   are   two   distinct   families,   I
have   no   manner   of   doubt.   For   although   it   is   likely   that   Ajaja   pos-

sesses a  skeleton,  ajiart  from  the  skull,  that  is  in  all  essential  particu-
lars  that   of   ibis,   it   differs,   nevertheless,   osteologically   very   materially

in  the  characters  of  the  excepted  part,  from  the  corresponding  characters
in   the   skull   of   any   true   ibis.   And,   to   say   the   least   of   it,   Ajaja   is   es-

sentially a  holorhinal  bird,  while  all  the  true  Ibises  are  strongly  schizo-
rhinal.'

Of   the   three   American   superfamilies   composing   the   Herodiones,   per-
haps the  most  thoroughly  distinct  group  is  seen  in  the  An/eit/ce;  in  other

words   the   gap   existing   between   the   Herons   and   Storks,   or,   between
the   Herons   and   the   Ibises,   is   decidedly   more   evident   than   is   the   gap
existing   between   the   Storks   and   the   Ibises   ;   indeed   the   typical   Cicon-
oidea  are  probably  linked  with  the  IbididiC  through  the  genus  Tantalus.

As  for   the  relations  of   the  Herons  and  Bitterns  to   each  other,   noth-
ing more  need  be  said  here  beyond  what  I  have  already  pointed  out  in

my   remarks   closing   the   osteology   of   the   family   Ardeidcc,   given   above.

Explanation   of   Plates.

Plate  V.

Skeleton  of  an  Ibis  [Plegadis  fal  inellus):  Coll.  U.  S.  National  Museum,  No.
14,406.      (Reduced.)

Plate   VI.

Left  lateral  view  of  the  skull  of  the  "Wood  Ibis"  {Tatitnlus  lociilator').  Re-
uced.  From  a  photogiapli  by  the  author.  (Specimen  No.  1,508:  Coll.  U.  S.  Na-

tional Museum. )

'  I  am  aware  when  I  make  this  statement,  that  Garrod  placed  both  Ihis  and
Plalalea  among  his  schizorhinal  birds,  but  the  latter  is  a  long  ways  from  being  typ-

ically so,  and  besides  Ajaja  has  a  good  many  other  characters  in  its  skull  quite  un-
like the  comparable  ones  in  tlie  skull  of  a  true  Ibis.  These  characters  have  been  set

forth  in  detail  above.



ANNALS   CARNEGIE   MUSEUM,  Vol.  I. Plate  V.

Skeleton  of  an  Ibis  (Plegadis  falclnellus).
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Left  Lateral  View  of  Skull  of  Wood  Ibis  (Tantalus  loculator).
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