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parable to the forked pterygoid of  apteryx."  In most accipi t r ids
the anter ior  ar t iculat ion of  the pterygoid,  as v iewed vent ia l ly ,
is a straight l ine;  however,  notching of  one kind or another nay
occur ( f ig.  90).

(- .ANTERIOR

Fig.  90.  .Posteropterygoid art iculat ion * i !h the palatopterygoid
as seen in ventral  v iew in A. Pandion hal iaetus,  B.  Tot,gos
trachel iotus.  C. Lateral  v iew of  th is art iculat ion in Aqui la
ehrysaUtos.

The shape of  the upper part  of  the bi l l  var ies;  i t  ranges
from the smal1,  sharply r idged form, wi th elongated nar ia l  opening,
found in Maehaenhamphus ( f ig.  91-) ,  to the large inf lated one
found tn Hal iaeetus pelagieus and Pi thecophaga. Al l  of  the
accipi t r ids show a wel l -hooked beak, which has been plast ic to
modif icat ion 4s,  for  example,  the s ickle-shaped bi l l  of
Rostphamus ( f  r -g.  201-)  .

The nar ia l  aperture is usual ly t r iangular-ovoid ( f ig.  91).
As the form of the bi l l  has var ied so has the shape of  the nar ia l
aperature.  The external  nar is is located in the ventroanter ior
or anter ior  port ion of  the lateral  wa11 of  the vest ibular chamber
(f ig.  99).  Sushkin (1905:27) stressed that th is group, in
contrast  wi th the fa lconid,  has the botton margin of  the nostr i l
at  the level  of  the f loor of  the vest ibule ( f ig.  99).

Among the aegypi ins,  the external  nar is has been out l ined by
ossi f icat ion in the lateral  vest ibular wal1.  Ossi f icat ions here
are not l imi ted to the aegypi ins but are found in Tez,athopius,
Cirea7tus,  and sone specimens of  Chondrohieran ( f ig.  91).  Ossi-
f icat ion in the lateral  vest ibular wal l  may occur in any genus
but usual ly is l imi ted to the poster ior  margin of  the nar ia l
opening (Aqui la audar,  Aqui la aahlbergi , ,  and Gypohieran
angoLensis) .

Where the lateral  wal l  is  ossi f ied,  the vest ibular fo ld is
also bony, wi th the except ion of  Chondrohienar,  which lacks the
fo1d. Part ia l  ossi f icat ion of  the poster ior  port ion of  th is fo ld
may occur in indiv iduals of  any species.

The other vest ibule wal1s ossi fy only s l ight ly in most of
th is group, forming a part  of  the median septum, usual ly per-
forate,  and part ia l  anter ior ,  ventral ,  and poster ior  wa1ls ( f igs.
83, 85, 87).  The type of  ossi f icat ion shown in Aqui la is typical
of  the group whereas that of  Machaenhamphus, which has a crack at
the angle of  the f loor and septum, is the most extreme. The
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Fig.  91.  Lateral  v iew of  rostral-cranial  ar t iculat ion in A.
Gypa'etus barbatus,  B.  Ggpohieran ctngoLensis,  C, Gymnogenys
tapieus, D. Chondrohierar uneinatus,  E.  Maehaez,hamphus aLeinus,
F. Aqui la chrysaUtos

upper surface of  the maxi l lopalat ine usual ly forms a port ion of
the ent i re f loor in Maehaerhamphus. Anter ior ly the vest ibule is
wel l  ossi f ied al though a gap or smal1 f issure usual ly occurs
between i t  and the premaxi l la.  Poster ior ly the wal l  is  incom*
plete below the median nar is.  The lateral  margin of  the median
nar is is essent ia l l -y a part  of  the ventral  process of  the nasal
and the dorsal ,  nasal  process of  the maxi11a.

The bony nasal  septum extends back to the craniofacial  gap
(f igs.  91,  92).  I t  may be inperforate or have an i r regular
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perforat ion-- the membranous nasal  septum is never perforate.  the
size 

-of  
t ! "  perforat ion var ies wi th indiv iduals as wel l  as genera

and depends apparent ly upon the general  degree of  ossi f icat lon
shown throughout.  The septum in some geneia may be thick and
spongy: I t  appears to be made up of  a central  ossi f icat ion over
which is added a th in Tayer of  bone from the med. ia l  vest ibular
wa11. 

-The 
poster ior  margin,  dt  the craniofacial  f issure,  is

i r regul  ar .
According to sushkin (1905:28) "Die Einr ichtung der

st i rnfortsHtze des Nasale ist  bei  den Accipi t res auf zwet Typen
zur i lchzuf i ihrenl  entweder s ind s ie sehr brei t  und stark nach' innen
gebogen, wie bei  TinnuneuLus, oder,  s ie s ind schmal und schwach
gebogen, wie bei  Astuz,"  Aceipi ten,  Buteo, pandion, ELanus, pernis,
Gaps- '  .AquiLa, Mi-Luus."  ( f igs.  50A, 111) Not near ly enough of  the
accipi t r ids or fa lconids have been exanined to support  t [ is
content ion.  As this feature is probably dependent-upon the form
of the bi l l ,  i t  nay be diagnost ic of  th is gioup and t f te fo l lowing
one.

The frontonasal  h inge is s imple ( f igs.  91,  gS).  The pre-
frontal  abuts directLy,  wi thout any over lap,  against  the s ide of
the f rontal  and the nasa1. This contact  (bxcept pandion) ,  when
viewed dorsa11y, is ei ther a straight anteroposter ior  l ine or
one which curves outward anter ior ly.  The hinge usual ly shows a
f issure which extends posteromedial ly along the l ine of  juncture
of the outer edge of  the nasal  where i t  over laps the f rontal .
Movement is possible in th is hinge and bending occurs mainly
across the nasal  at  the anter ior  end of  the f iontal .

The rostrum-1abia1 bar hinge ( f ig.  91) might be character ized
by the long pointed spine of  the premaxi l la which projects
poster ior ly along the labial  bar and the sl im anter ior  t ip of
the jugal .

A11 accipi t r ids,  except Pandion, have a f ree prefrontal ;  in
the lat ter  i t . is  fused wit i r  the f ronial  and the lateral  ethmoid
(f igs.  93A, 10lM).  The prefrontal  has wel l -developed ,  but
var iable,  supraorbi ta l  and orbi ta l  processes. General ly the
supraorbi ta l  process is broad with a t runcated t ip ( f ig.  gS).
Every grade of  reduct ion of  the supraorbi ta l  process occurs f rom
the large broad process of  aqui la to the short ,  rounded-t ipped
one of  Chondrohiez,an. The most pecul iar  supraorbi ta l  process is
that of  GymnogenAsi the poster ior  margin is squared for the
recept ion of  the nasal  91and, which l ies between the prefrontal
and the orbi t  margin.  I r ' lachaerhamphus has an inf lated t ip at  the
art iculat ion wi th the superci l iary.

The superciLiary is ei ther rnissing or extremely rudimentary
in Elano' ides (Shuf e1dt,  1-909 :  86,  noted none in s ix specimens) ,
Rostrhamus, Leptodon, Chondnohieran, Pernis,  Auieeda, Pandlon"
Gymnogenys, and Neophnon. In GypaU bu.s a superci l iary is usual ly
not indicated, but in AM 5279 a rudimentary one has been pre-
served. The quest ion of  the occurrency of  a superci l iary among
the aegypi ins must await  study of  nest l ings.  The presence or
absence of  the superci l iary is relat ively unimportant;  i t  is  qui te
evident that  i t  represents a secondary extension of  the supra-
orbi ta l  process. Whether i t  is  h inged or not depends upon
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Fig.  93.  Dorsal  v iews of  skul ls of  A.  Pandion haLiaetus,  B.
Gymnogenys typieus, C. Chondrohierar uncinatus,  D. Leptodon
patt tatus,  E.  Pernis api ,uot ,us,  F.  Acc. ip i ter  eooper i i ,  G. Buteo
- jamaieensis,  

H. fehthyophaga iehthyaUtus, I .  Iv laehaerhamphus
aLci ,nus,  J.  Neophron perenoptelus,  K.  Neerosyrtes monachus, L.
Gypohieraf i  angolensis,  M. Gypa7tus ba! 'batus.
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movement in th is area. I ts ossi f icat ion occurs at  or  af ter  nest
leaving in Buteo.*

The orbi ta l  process of  the prefrontal  is  exceedingly plast ic,
and, except for  Pandion, i t  is  f ree f rom the lateral  ethmoid plate
(f_ig.  101).  Most reduced, i t  is  a th in,  downward-project ing spl int
of  bone, round in sect ion and fair ly straight as in Chondrohieian,
Leptodon, ELanoTdes, Pernis,  Auiceda and Gymnogenas. More robust
processes widen out into a somewhat spatulate ending and appear
to represent the pr imit ive form since such an ending is suggested
in most species.  Somewhat indiv idual  processes are found in
Pi thecophaga and Harpia in which elongat ion of  the distal  port ion
has taken place (correlated with deepening of  the upper nandible).
The forrn of  th is process in Gampsonaa ( f ig.  101F) is l ike that  of
the fa lconid.

Viewed from above, the skul l  of  the accipi t r id is elongate-
tr iangular wi th a rounded base ( f ig.  93).  The cranium is usual ly
f lat tened above and rounded behind; i t  has dist inct  cereb'ral  bulges
and a shal low median gutter.  The nedian depression may extend
forward and become accentuated in the brow region.

The supraorbi ta l  margins may be extended, but th is is never
more than enough to contact  the very basal  port ion of  the supra-
orbi ta l  process of  the prefrontal .  These margins are usual ly
less extended in those forms with a reduced prefrontal  (Pandion,
Pernis,  Auieeda, Chondrohiez,ar,  Leptodon, Elanoides, Rostrhamus,
and Gymnogenys),  but  such is not the case in Neophron and
Gypa'etus,  Reduct ion of  the prefrontal  is  not necessar i ly  corre-
lated with reduct ion of  the nargins,  as is seen in some species
of Aecipi ter .  In these, and in Gymnogenys, the margin,  for  a
short  d istance poster ior  to the prefrontal ,  shows a shal low1y
excavated, squared r im; th is is produced by the nasal  g land.

The muscle scars in the lateral  ear area show considerably
more var iat ion than in the other groups. That of  the depressor
mandibulae is of  greatest  interest  ( f igs,  94,  95).  Tn Aceipt ter
str iatus the or ig in of  th is muscle is restr icted to the tympanic
r im; Aeeipi tet ,  eooper i i  is  internediate toward the condi t ion of
Aceipi ter  gent iL is in which the or ig in covers a t r iangular area
poster ior  to the upper r im as wel l  as the r im more ventral ly.  The
ent i re area var ies somewhat indiv idual ly.  One of  the most unique
ear regions is that  of  Cireus in which the tympanic margin,  wel l
back f rom the head of  the quadrate,  f lares outward as a rectangu-
lar  p1ate.

I t  appears that  the tyrnpanic area ( f ig.  95) has been molded
by the tenporal  and cervical  musculature (a1so by the large ex-
,t :k rt rt * * t( ?t * * tr * rk ?t ?t t( tt t( zt rt tt ?t ?t ?t * ?t ?t ?t ?t rt tt ?t ?t ?k

*  Sushkin (1905:28) noted that "bei  den grossen Geiern
verwlchst das Superci l iare mit  den Thr lnenbein,  wie das aus einer
Vergleichung genannter Vi lgel  mit  Neerosyrtes piLeatus k lar  zv
sehen ist ; . . . "  On the same page he stated that "Dagegen fehl t
d ieses Element bei  FaLeones, PoLybor i ,  Micz.ohieraces, Mierastut ' ,
Herpetothez,es,  desgleichen bei  Pandion, Pernis,  Baza, Pseudogyps'
Lophogyps, VuLtur,  lAegypiusJ and 0togyps,"  He also noted that
the superci1- iary is rudimentary and subject  to indiv idual
var iat ion tn Leptodon, Gypohieraf i ,  Neophron, Necrosyrtes,  GypaUtus,
and Ggmnogenys.
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Fig.  94.  Muscles of  the lateral  aspect of  the head of  A.  Aqui la
ehrg sabl :os and B .  Aceipi ter  cooper i i  .

ternal  ear opening in Cineus) and thus ref lects direct ly the var i -
at ions and development of  the muscles of  th is region. Engels
(1940:356, 357, f ig.  6)  has descr ibed the var iat ions of  th is
region in a s ingle genus, Torostoma, and observed that,  "The
shi f t ing upward of  the suprameat ic r idge and consequent narrowing
of the ternporal  fossa.. . is  re lated to changes in the external
nandibular adductor muscle.  .  .  "

Sushkin (1905:22) pointed out,  concerning the zygomatic
procAss of  the squamosal ,  that  "Be'L aLlen ibr igen Accipi tz 'es tst .  &ieser
Fortsatz v ie l  schwacher I than in the Falconidae] entwickel t ,  und
seine Maxirnal ldnge i ibertr i f f  t  n icht  I /  q der Langsaxe des
Quadratum. "  The zygomatic process var ies f rom pract ical ly lacking
in ELanus or Maehaerhamphus to fa i r ly  d ist inct  but  short  and blunt
in most accipi t r ids.  Compared with the axi l1-ary length of  the
quadrate,  the length of  th is process ranges from >0 to 25% (16-
332 in the f  a lconids ,  76 -  7,7 e" in the cathart ids) .

The art icular process of  the squamosal is present and ranges
in sLze from the vest ige of  GAps ( f ig.  97) or Pandion to the
wel l -developed, t r iangular,  b lunt ly- t ipped process of  most.  The
art icular process in al l  accipi t r ids,  vest ig ia l  or  wel l  developed,
is stout and ovoid to t r iangular in X-sect ion.

The f lar ing of  the dorsal  part  of  the tympanic r im ( f ig.  96)
is somewhat less than in the fa lconid and the basiparasphenoid
plate is somewhat wider.  The basi tympanic process width,  the
distance between the lateral  points of  the basiparasphenoid p1ate,
of  the accipi t r id sku1l  ranges from 45.2 to 65.5% of the post-
temporal  width,  measured across the sku1l  at  the zygomatic process
of the squamosal;  th is compares with 60% tn Sagi t tar ius ,  a range
of 40.5 to 48eo in the fa lconids and 50 to 54% in the cathart ids.
Al though the ranges for the accipi t r ids and falconids over lap,
most genera of  the former exceed 50% whi le in the lat ter  group
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Fig.  95. Lateral  v iews of  accipi t r id crania,  wi th X-sect ions of
art icular process of  squamosal of  some species to r ight--see
Figure 77. A. Pi theeophaga ief fer i ,  B.  SpizaUtus eoz'ondtt ts,  C.
Buteo jamaicensis,  D. AquiLa ehrysaUtos, E. Pandion haLi-aetus,
F.  Clrcus eAaneus, G. ELanus Leucurus,  H. f  ct in ia misis ippi 'ensis;
I .  Pev,nis apiuor l ts ,  J .  MiLuus migrans ,  K.  Haematoz'nis eheeLa,
L.  Chondz'ohi .erax uneinatus .
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Fig.  96.  Base of  the cranium
Leueurus ,  C. Machaerhamphus a
E. HaLiaeetus LeueoeephaLus,
hal iaetus.

M JOLLIE

in A. Buteo jamaicensis,  B.  Elanus
Lcinus ,  D. Chondrohiev,ax uncinatus ,
F.  GymnogenAs tgpieus, G. Pandion
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the f igure is usual ly below 45%.
Viewed poster ior ly,  the tynpanic rnargin has a character ist ic

signoid shape. v iewed 1ateral ly th is rnargin is more angled at
the junct ion of  the squamosal and exoccipi ta l  as compared with
the more rounded l ine of  the fa lconid or the even more sharply
angled out l ine of  the cathart id.  A poster ior  tyrnpanic process
occurs in sorne accipi t r ids but involves an outgrowth of  the
dorsal  r im as compared with the poster ior  rnargin process of  the
falconid ( f ig.  53)

The lateral  basiparasphenoidal  processes ( f ig.  96) are
usual ly low rounded lumps showing var iously scrawled, minor r idges
or tubercles.  The exoccipi ta l  process is a somewhat t r iangular,
blunt ly- t ipped, ventroanter ior  project ion at  the ventral  margin
of the tyrnpanic carr i ty.  In GAps and Pseudogyps ( f  ig .  97),  the
development of  the exoccipi ta l  and lateral  basiparasphenoid
processes is s imi lar  to that  found in some cathart ids (Gymnogyps,
VuLtuz, ,  or  BneagAps).  The cranium of GAps is perhaps the most
divergent of  the accipi t r ids due to i ts elongat ion and or ienta-
t ion on the neck. In Pseudogyps the basal  processes are some-
what less prorninent,  whereas the cranium in general  tends more
towards the " typical :  accipi t r id pattern.  The plast ic i ty of  the
base of  the craniurn,  and the cranium in general ,  is  thus indi-
cated in the cathart ids by the condors.

The median basiparasphenoid pxocess, when present,  is
separated by the basioccipi ta l  p i t  f rom the occipi ta l  condyle.
The former may be present or absent;  when present,  i t  may have
the forn of  a nedian tubercle,  which marks the poster ior  end of
a median r idge, i t  may be made up of  several  s l ight ly separated
tubercles or be an i r regular,  tubercled, t ransverse r idge. The
occipi ta l  condyle is large and rounded with a rnedian poster ior
groove.

The jugular fenestra is cut  of f  by a bony tympanic margin;
the var ious foramina are l ike those of  the other groups. The
angle of  the base of  the parasphenoidal  rostrum, and the plane
of the foramen magnum (f ig.  1,02, basicranial  angle) var ies among
genera (Gaps 740 to ELanus 30o),  wi th in a genus and indiv iduaLLy
(Golden eagle,40o to 49o; and 42o to 53o in the fossi l  La Brea
Aqui la)  .

The basipterygoids range from pointed structures,  which
spr ing f rom the base of  the parasphenoid rostrum, to total
absence. These processes are never funct ional  nor do they show
an art iculatory surface. They are funct ional  f rom the f i rst
stages of  bone fornat ion through the f i rst  hal f  of  nest l ing l i fe
( l .ecipi ter ,  Aqui la,  Buteo) af ter  which by di f ferent ia l  growth
the process and posteropterygoid become widely separated ( f igs.
50B, 5lD). ' f

Remnants of  the basipterygoids are usual ly lacking in adul ts
of  the aegypi in genera,  and in Gypohierar,  I [achaez,hamphus, Pandion,
fr ?k tr * * tk rt t( 2t ?t :t rt * * ?t ?t ?t tc ?t * tt * * ?t ?t rt tr :t :k ?t fr * rk tr

*  According to Chomjakoff  (1901:137, "Bei  den Nest jungen von
Pernis apiuot 'us,  Aatur paLumbarius,  Accipi , ter  n isus habe ich auch
funct ionirende Processus basipterygoidei  gefunden. In spdteren
Stadien werden diese Fortsatze hier auch ruckgebi ldet ."
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Fig. 97. Comparat ive f igures of  the crania
fei t )  and Gymnogyps eaLi foz 'n ianus (r ight) .
B.  dorsal ,  C. ventral ,  D. poster ior  v iews.

of  GAps eoprotheres
A. Late'raI ,
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UroaUtus, Hal iaeetus (excluding the Concuma group),  and
fchthyophaga; they ma)z be absent in some specinens of  aqui la
ehz'ysa7toe (or in specimens of  a lmost any species usual iy having
them) .

The eustachian tube may be enclosed within a bony channel  or

-expgsed 
by a narrow crevasse between the alaparasphenoid and

basiparasphenoid.  shufeldt  (1891a:237) noted that,  , ,pandion is
remarkabie in having the anter ior  openings of  i ts  eustachian
tubes ent i reLy elosed.. .  ' r  He examined three skul ls and one
specimen in the f lesh. My examinat ion of  several  sku11s, and a
specimen in the f lesh, fa i led to substant iate th is observat ion;
the tubes open in a normal fashion into the crevasse in the roof
of  the f leshy palate behind the vomer ( f ig.  60).

Associated with the lateral  opening of  the eustachian tube,
there is in sorne accipi t r ids ( f ig.  96) a sma1l project ion of  the
al iparasphenoid,  here cal1ed the tympanic 'proceis.  This pro-
ject ion is especial ly wel l  developed in the fa lconids ( f ig.  116).

The interorbi ta l  septun may be perforate or imperfora, te.  I t
is  imperforate in Neerosyrtes,  Gaps" Pseudogyps (a smal1 i r regu-
lar  perforat ion may occur) ,  Sareogyps, Tr igonoceps, Toz,gos,
Aegypius,  Gypaetus,  Hal iaeetus Leueoeephalus,  H. aLbiei l la (a
specinen of  H. albiei lLa,  USNM ?,92774, has a minute perforat ion
and a relat ively th in septutn) ,  and H. pelagieus. Among the other
accipi t r ids,  the septun has a perforat ion the s ize of  which var ies
sl ight ly wi th species and indiv idual .  The interorbi ta l  perfora-
t ion of  specimens of  the La Brea fossi l  Aqui la shows a greater
than usual  range; in one specimen, UCMPaI 28050, the septum is
imperforate.

There is no real  correlat ion of  perforat ion s ize wi th the
size of  the bird,  a l though the largest types (also probably the
rnost special ized) tend to show an imperforate septum as suggested
by Sushkin (1905:24) .*

The nasal  passages ( f ig.  98,99, 100) di f fer  f ron those of
the fa lconid,  according to Sushkin (L905:26, f ig.  2) ,  in that  the
cart i laginous anlage of  the vest ibule is incomplete ventral ly.
Al though the nasal  passages cannot be character ized beyond this,
there is some var iat ion wi th in the group.

The vest ibule has a s imple fo ld,  the "vest ibular concha"
of Sushkin (1905),  which projects down from the dorsal  wal l  and
extends fron above the nostr i l  to the poster ior  wal l .  The size
of the fo ld var ies f rom a dorsal  r idge to a th ickened part i t ion
which near ly f i11s the vest ibule.  This fo ld could not be seen
through the nostr i ls  of  rnany study skins,  but  i t  can be assurned
to be found in most genera;  i t  is  known to be lacking only among
the pernins ( l .u iceda and Chondrohieran) and tn Neerosyrtes (and
Neophron?) .

The most pecul iar  nostr i l  and fold was that of  Pandi .on. Here
r-he dorsal  and ventral  margins of  the external  nar is over lap at
the posteroventral  corner;  th is may also occur in Pernis.  As a
rt t * tr tc * tr rcrt ?t tc )k :t * )t ?k rt rt tr ts ?k ?t ?t * ?t ?t tr t fr fr t( t( tt

*  Sushkin c i ted the case of  Hal iaeetus in support  of  Firbr in-
ger 's generaLizat ion that in larger and more specr 'a1rzed forms
the fontanel le is reduced fol lowing the pattern of  ernbryological
development (nis interpreted by Fisher,  1944:283-284) .
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Fig.  98.  Cart i laginous nasal  struct
(af ter  Sushkin,  l -905, f igs.  2,  3,5
C. lateral  v iews. Fleshy out l ine o
l ine in C.

A I

ure of  nest l ing
) .  A.  Dorsal ,
f  rostrum shown

Buteo buteo
B. ventral ,

wi th dashed

Fig.  99.  Lateral  v iew of  rostrum to show external  nar is,  vest ibule
and vest ibular fo ld (dashed l ines out l ine the last  two);  X-sect ion
of vest ibule to r ight .  A.  Natal  chick of  Aqui la ehrysa)tos.  B.
Nest l ing (1 week) of  Buteo jamaicensis.  C. Natal  chick of  Pandion
haLiaetus,  lateral  v iew of  rostrum with s ide wal l  of  vest ibule cut
away to show folds (middle).
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Fig.  100. Nasal  passages of  A.  Accipi ten str iatus,  B.  Aqui .La
ehrysabtos.  Lateral  out l ine of  rostrum with nasal  passage
str ippled ( lef t ) ,  X-sect ion of  rostrum as seen with t ip of  b i l l
cut  of f  a long l ine a (middle) and l ine b (r ight) .

resul t  of  th is over lapping, the ventral  margin forrns a fo ld
jut t ing into the vest ibule ( f ie.  99C).

The vest ibule of  Chondz'ohierar is unique in that  i t  consists
of  l i t t le more than tubular extension of  the external  nar is to
the rnedian nar is.  In most of  the k i tes,  Leptodon, Pernis,  Auieeda,
and Gymnogenys as wel l  as Pandion, Neev'osyntes,  Neophron, GypaUtus,
and Gypohierar the vest ibule shows only s l ight  constr ict ion to
form the median nar is;  in most accipi t r ids i t  is  d ist inct ly con-
str icted here.

Behind the median nar is the poster ior  passage is narrow and
sl i t -1 ike and into th is crevasse juts the turbinal  wi th the resul t
that  i t  produces a lateral  bu1ge. The turbinal  is  a s imple ro11
of highly vascular ized t issue showing about two turns.  I t  is
at tached along a l ine on the roof of  the passage start ing just
above the median nar is and extending down along the dorsolateral
wal l  to just  above the poster ior  end of  the internal  nar is,  _where
i t  is  at lached to the ventral  margin of  the anter ior  face of  the
ectethmoid (see Sushkin,  1905;25-26) .

The ol factory capsule,  v iewed latera1ly,  is  t r iangular in
shape with the apex at  the point  of  entrance of  the ol factory-
rrerve. In X-sect ion i t  is  a th in,  dorsoventral  crevasse which is
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arched medial1y.  This capsule may be enclosed or only part ia l - ly
out l ined by ossi f icat ion of  the lateral  ethmoid.  Pandion agrees
with the other accipi t r ids in the form of i ts nasal  passage and
ol factory capsule.

The range of  var iat ion in the mesethmoid-ectethmoid struc-
ture can be seen by comparing HaLiaeetus wi th Machaerhamphus
(f ig.  101).  In the former the ol factory capsule is covered by a

a

6 Ctd r:
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Fig.  101-.  Orbi ta l  v iews of  A.  Sareogyps caluus, B. GAps copro-
theres,  C. Two specimens of  Aqui la chz'gsaUtos, D. Buteo
jamaicensis,  E.  MiLuus rnigrans, F,  GampsonAfi  sua'Lnsonni ,  G. Elanus
Leucut,us,  H. Maehaev,hamphus aLcinus, I .  Hal i .aeetus Leueoeephalus,
J.  rehthyophaga ichthyaUtuts,  K.  Gymnogenys tUpieus ,  L.
Chondrohierar uneinatus,  M. Pandion hal iaetus .

fenestrated lateral  wal1 whereas in the lat t ,er  the ol factory
br idge (under which the ol factory nerve, the ophthalrnic branch of
the t r igeminal ,  and blood vessels pass) is extrenely narrow and
strongly fo lded. Pandion is the only genus in which the lateral
ethmoid fuses with the orbi ta l  process of  the prefrontal .  In
Neophron, Neez'osyrtes,  Sarcogyps, and Torgos, these structures
are- in contact  but do not fuse. In the f lesh they are bound
together,  and to the 1abial  bar by connect ive t issue. GampsonA&
resernbles FaLeo in th is region.
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The out l ine of
at  the craniofacial
ter ist ic ( f ig.  L02).
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the mesethmoid
nothing charac-

the parasphenoid rost lum and
f issure is var iable and shows

Fig.  I02.  Median sagi t ta l  out l ine of  interorbi ta l  septum and back
of cranium of A. Pandion haLiaetus ,  B.  Chondrohiey,an uneinatus,
C. Buteo jamaieensis.  L ines below show angle between base and
back of  cranium.

The quadrate,  when viewed from below, has a dist inct ly t r i -
angular shape, the base forward, the outer s ide proport ional ly
shortest  ( f ig.  103).  GAps resembles Gymnogyps in th is detai l  but
lacks the cathart id- type art iculat ion.  Rostrhamus appears to be
unique; the outer art icular surface is smoothly rounded and blends
into the general  ventral  surface whi le the medial  ar t icular sur-
face is narrow and extends along the poster ior  margin near ly to
the poster ior  angle.  A smal l  notch,  suggest ive of  that  in the
cathart id,  is  found in Necrosgrtes,  Terathopius,  and HaLiaeetus.
A l ine can be seen here in other accipi t r ids.

Sushkin (1905:37) compared the dorsal  and poster ior  aspects
of the art icular surface of  the mandible of  the Accipi t r idae and
Falconidae ( f ig.  104).  He noted that as seen from above, the
accipi t r id 'has a shal1ow, rounded notch on i ts outer poster ior
margin,  and the inner process juts straight rnedial ly as part  of
a relat ively straight poster ior  margin.  A pneumatic foramen is
found on the dorsal  medial  surface of  th is inner process. The
cavi ty of  the art icular port ion is cont inuous with the tynpanic
cavi ty t .hrough the foramen.

The detai ls of  the bones of  the lower mandible di f fers f rom
those of  the cathart id and falconid.  The nandible has no indi-
cat ion of  a fontanel le ( f ig.  50F, 50G).

Pandion dt f fers f rom al l  other fa lconi forms in that  there is
a sesamoid ossible in the nandibular l igament.  This ossic le is
fair ly large and corresponds in posi t ion to the rnedial  ossic le
of  a passer ine or to the s ingle ossic le of  k ingf ishers,  hornbi l ls
and gul1s.

The hyoid apparatus of  the accipi t r id is l ike that  of
Sagi t tav, ius.  The basihyal  is  round (or f lat tened above and
rounded below) in sect ion and lacks any indicat ion of  the keel
of  the cathart id ( f ig.  105).  The entoglossal  ossi f icat ions are
elongated rods with art iculat ion areas at  their  middles,  which
are more elongated and lateral  in th is group. Al though hyoids
were not avai lable for  every species,  enough were at  hand to in-
dicate the constancy of  th is structure even in the more diverse
members of  the group.
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Fig:  103. Distal  end of  r ight  quadrate of  A .  Sagi t taz, ius ser.pen-
tar ius,  B.  Teratoy,nis menriami,  C. Cathartes aura,  D. Gymitogyps
eal i fornianus, E. Neerosyz.tes monaehus, F.  Neophron perenopter l , ts,
G. GUps coprotheres,  H. Tr igonoeeps oecipt taLis,  I .  GypaUtus
banbatus,  i .  Gypohierar angoLensis,  K.  Aqui la ehrysaetos,  L.
ELanus Leueunus, M. Chondrohierar uncinatus,  N. Leptodon
pal l iatus,  O. Rostrhamus soeiabi l is ,  P.  Herpetotheres cachinnans,
a.  MiLoago ehtnachima, R. Faleo mericanus.

From this survey of  features,  the accipi t r id.  type can be
character ized as fo l lows: the desmognathous palate is formed by
the palatal  processes of  the maxi l lae meet ing at  the midl ine,
behind and/or below an ossi f icat ion of  the ventral  margin of  the
nasal  septum which extends forward to the t ip of  the bi l l ;  an
anter ior  palatal  fossa is lacking; the vomer is a vert ical  mid-
l ine p1ate,  which shows evidence of  i ts  b i lateral  nature pos-
ter ior ly;  the nasal  vest ibule is part ly ossi f ied forming a
median septum (frequent ly perforated) and part ia l  wa11s in f ront
and below; the nar ia l  opening, f ramed by the nasal  bone, is
roughly t r iangular in shape and usual ly not obstructed by ossi-
f icat ion in the lateral  vest ibular wa11; the rostrum is relat ively
smal1 (usual ly less than 40% of the skul1 length) and strongly
hooked, the premaxi1-1-ary and nar ia l  port ions are of  about equal
length;  the f rontonasal  h inge is s imple;  the prefrontal  is  wel l
developed, f ree,  and usual ly has a superci l iary bone associated
with i - ts supraorbi ta l  process; the cranium is strongly contoured
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Fig. 104. Proximal end of  mandible as seen dorsa1-Ly (above) and
from behind (below) in A. Sagi t tar ius serpentar ius ,  B.
Cathartes auz,a,  C, Gymnogyps eal i fornLanus, D, Buteo jamaieensis
E. Torgos tz,aeheLiotus ,  F ,  FaLeo menicanus ,  G. Herpetothey,es
eaehinnans.

N}a.$gAfurevv"
Fig. 105. Hyoid skeletons of  A.  Buteo meLanoLeueus, (or
Sagi t tav, ius serpentar ius);  B.  Pandion hal iaetus;  C. GApohierar
angoLensis.  Ventral  aspect to lef t  (anter ior  end down) ;  lateraL
aspect of  basihyal ,  wi th cross sect ion,  to r ight .

wi th cerebral  bulges, median groove and grooves above the orbi ta l
margins;  the orbi ta l  margins are only s l ight ly extended; the
zygomatic and art icular processes of  the squamosal are usual ly
wel l  developed; the basiptergoid processes are vest ig ia l  in the
adul t  but  funct ional  in the ear ly stages of  the young; the man-
dible lacks a poster ior  fenestra;  the basihyal  is  not keeled.

None of  the subfami l ies can be character ized on the basis
of  their  head skeleton al though certain cores of  species show
some di f ferences. For example,  the pernins have reduced supra-
orbi ta l  processes, lack superci l iar ies,  have relat ively large
orbi ts--but these features are not l imi ted to the group since
there is a posi t ive resemblance to Pandion. The aegypi ins have
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o-ssi f ied lateral  wa11s of  the vest ibule and lack a separate super-
c i l idry,  but  again th is is not always the case. The several
groups ment ioned--pernins,  aegypi ins,  and accipi t r ins--grade into
other cores of  species wi th the resul t  that  ident i f iable boundar ies
do not exist .

The Falconid Type
sushkin (1899b) studied in detai l  the development of  the

head skeleton of  Falco t innunculus.  A natal  specimen of  Falco
nieyLeanus was cleared and stained to compare with sushkinrs
account.

Like the two preceding groups, 4r ossi f ied nasal  septum is
cont inued anter ior ly as a bracing bar ( f ig.  106).  In contrast  to

Fig.  106. Palatal  v iews of  skul l  of  A.  FaLco t innunculus nest l ing
(af ter  Sushkin),  cart i laginous parts cross-hatched ei ther vert i -
caLly or t ransversely;  B.  Falco sparuerLus adu1t,  part  of  palat ine
to lef t  cut  away to show paTatal  process of  maxi1la,  a piece of
mandible is shown on r ight-  s ide;  C. Diagramnat ic structure of
rostrum, bones to r ight  re 'moved to show nasal  capsule ( f ig.  Lt7) 

'vomer (V) cut  of f  behind.

the accipl t r id group, the palat ine processes of  the premaxi l la
meet nedi  aLIy below the septal  bar.  Lateral  to the median r idge,
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formed by the septal ,  bar are excavat ions,  which may be honologous
with the lateral  grooves of  the accipi t r id.

Sushkin (1905:63) pointed out that ,  in the f lesh, the horny
median palatal  r idge near ' the t ip of  the upper mandible is
character ist ic,  but  such a r idge occurs in al l  fa lconi forms ( f ig.
107).  I t  is  not  the r idge but rather the lateral  depressions,

Fig.  L07. Palatal  aspect of  t ips of  rostra,  in the f1esh, of  A.
fet in ia misi .s ippiensis,  B.  Buteo iamaieensis,  C. FaLco sparver ius,
D. PoLyborua eher iaag, E. Herpetothev,es caehinnans. X-sect ions
through t ip of  rostrum shown above.

which are more character ist ic.  In FaLco the r idge of  the prenasal
bar disappears poster ior ly between the maxi l lopalat ines(f ig.  106).
The bar is least  proninent tn Mierastur and Herpetotheres,  where
i t  approaches that of  an accipi t r id.

In most fa lconids,  the smal1 poster ior  palat ine process of
the premaxi l la paral le ls the lateral  edge of  the palat ine just  as
in the accipi t r id.  The relat ionship of  the prenasal  cart i lage
and i ts associated vest ibule are much the same (f igs.  106C) ;  com-
par ison indicates di f ferences which seem to be correlated with the
shortened rostrurn of  th is group

The tomium may show a tooth-1ike project ion ( lacking in
Polybor i .nae, Herpetotheres,  and Uierastur)  ,  which in i ts posi t ion
is unl ike any simi lar  project ion in the accipi t r id.

The maxi l lopalat ines are fused poster ior ly along the nid-
l ine for  a patt  of  their  length;  they tend to show a median groove
at the l ine of  juncture.  Anong the Polybor inae the maxi l lo-
palat ines may not come in contact ,  they fuse with the nasal
septum and the septal  bar to form a sol id palatal  surface. The
l i i re of  contact  of  the anter ior  margins of  the maxi l lopalat ines
and the septal  bar is wel l  fused and the suture l ine is marked
by foramin-a,  which nay even be observed in some of the stubby-
beaked falcons ( f ig.  108).  The poster ior  parts of  the maxi l lo-
palat ines,  ly ing in the nasal  passage wa11, are usual ly lateral ly
compressed and may have closed or perforated dorsolateral  wal1s.
They are more-or-1ess spongy in their  inter iors.  The dorsal  wal1s
may contr ibute to the f loor of  the vest ibule in such forms aS
Her,petotheres,  Mierastut ' ,  or  the PoLybov' inae.

-  
There is nothing dist inct ive in the maxi l lopalat ines,  nor are

there any signi f icant di f ferences displayed in the development of
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Fig.  108..  Palates of  A .  Miev,ohiev.ar caerulescens ,  B.  Herpetother.es
eaehinnans ,  C. Polyborus ehez' iuay .

th is palate beyond those involv ing the shape of  the t ip.  Sushkin 's
(1905:29-30) remarks on this matter are not c lear and certainly do
not appear to apply to al l  of  the fa lconids where the maxi l lo-
palat ines meet for  only a short  d istance (Henpetotheres) or
scarcely meet at  aLI  (Polgborus).  The shortened bi l l  of  Falco is
hardly representat ive of  the group, and, unt i l  other members have
been studied, i t  is  unsafe to general ize.

The anter ior  end of  the palat ines l ies dorsal  to the palat ine
process of  the premaxi l la ( f ig.  106C).  The narrow anter ior  str ip
expands abrupt ly,  or  gradual ly,  beneath the orbi t  to form the
area of  at tachment of  the ptez.ygoideus muscle.  A wel l -developed
choanal  r idge occurs,  which is s i rn i lar  to that  of  the accipi t r id
( f ig.  88).  There is a general  resemblance of  palat ines throughout
the group, but no absolute feature for  their  def in i t ion.

The vomer is a wel l -developed spl int ,  separated poster ior ly
and t ipped anter ior ly by a sma11 regular ly or i r regul  ar ly shaped
expansion, which may fuse to the t issue between the maxi l lo-
palat ines ( f igs.  108, 109).  Sushkin (1905:35) considered the
falconid vomer fa i r ly  d ist inct ive,  but  I  cannot agree. Al though
the anter ior  knob tn Falco is much better developed than in any
accipi t r id,  such a knob occurs in certain members of  that  group
(f igs.  84I ,  89).  The knob is much reduced tn Polyborus,  MiLuago,
Micrastur,  and Herpetotheres where i t  agrees with the accipi t r id.

Sushkin (1905:34) considered the anteropterygoids to be
missing among the falconid on the grounds of  their  absence in
the nest l ing of  Falco (Parker,  1879 ,  recorded them) and because
of the lack of  c lasping of  the parasphenoidal  rostrum by the
palat ines throughout th is group. Sushkin 's observat ions were con-

A
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Fig.  109. Ventral  ( lef t )  and lateral  ( r ight)  aspects of  vomers of
A. Faleo peregr in 'us ,  B.  MiLuago ehimaehima, C. Mierastur
semitorquatus.

f i rmed by my natal  specimen of  Faleo merieanus. The si tuat ion
was not as in GaLLus, where palat ine and anteropterygoid appear
fused and separate f rom the posteropterygoid.

_ The shape o-f  the upper part  of  the bi l l  is  var iable ranging
from the somewhat inf lated, vaul ted rostrurn of  poLyborus,  or- the
accipi t r id-1ike prernaxi l la of  Henpetotheres,  to the short ,  stubby
premaxiLlary bi l l  of  the genus FaLco and the Pol ih ieracinae. The
bi l l  of  a i luago is weak and gal l inaceous in appearance; i t  is
suggest ive of  that  of  Pernis.

The lateral  wal1s of  the vest ibule are usual ly ossi f ied,  thus
out l in ing the nostr i l .  The shape of  the nar ia l  aperture,  as
margined by the nasal  bone, is t r iangular-ovoid,  wi th the narrow-
est angle at  the dorsoposter ior  corner.  The margins of  th is
opening are marked by grooves and foramina, especial ly at  the
narrowest ang1e. In Ealeo the nar ia l  opening has been reduced
in length along with general  rostral  shortening. In PoLyborus
this opening is s i tuated relat ively high on the rostrum.

The nostr i l  in al l  fa lconids is located along the anter ior
margin of  the nar ia l  aperture and is round in shape. The excep-
t ion is Polyborus in which i t  is  an elongated, vert ical  opening
bent poster ior ly in i ts upper hal f .  The nostr i l  is  out l ined by
the ossi f ied lateral  vest ibular wa11 in al l  except Micrastur in
which the larger part  of  the wa11 remains unossi f ied (Sushkin,
1905, pl .  I I I ,  f ig.  54,  shows the nargin complete tn M.
semitorquatus meLanoLeucus and, f ig.  76,  incornplete Ln M.
ruf ieol l is) .  The vest ibular wal1 f lares outward along the pos-
ter ior  margin of  the nar is in Herpetotheres so that the nostr i l
opens somewhat forward. Flar ing of  the nostr i l  margin is found
tn FaLco also.  The lower edge of  the nar is rn Herpetotheres and
MLev,astur s lopes up and inward as the f loor of  the vest ibule;  in
the Polybor inae the f loor of  the vest ibule is 1eve1 with the
margin whi le in FaLco and the Pol ih ieracinae this margin is wel l
above the f loor ( f ig.  118A).

Ossi f icat ion of  the vest ibular wa1ls contr ibutes to an in-
perforate nasal  septum. Poster ior ly the nasal  septum presents a
near ly vert ical  nargin at  the craniofacial  f issure ( f ig.  110).

Sushkin 's comments on the frontal  processes of  the nasal
bone have already been ci ted (p.  93).  Acceptance of  th is condi-
t ion in Falco ( f ig.  111) as representat ive of  the group is
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Fig.  110. Poster ior
cher iaag ,  B.  Mi luago

M. JOLLIE

out l ine of  nasal
ehimaehima, C.
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Fig.  111. Dorsal  v iew of  rostrum of nest l ing Ealeo t innuneuLus
(af ter  Sushkin,  1899b, Pl .  V,  f ig.  86);  compare with f igures
50, 51.

Fig.  1,12, Lateral  v iews of  rostrum-1abial  bar art iculat ion of
A. Herpetothez,es caehinnans, B. Mierastut ,  semitorquatus,  C.
PoLyborus eher iuay, D. Falco merieanus, E. FaLco albiguLar is.

dangerous since i t  is  probable a correlary of  the short  stubby
beak of  th is genus. However,  i t  can be noted that among
passer ines the long bi l l  of  the nagpie or crow and the short
bi l l  of  the junco share th is type.

The frontonasal  h inge may be simple,  as in the accipi t r id,
or,  in the Falconinae and Pol ih ieracinae, the hinge may appear
as a t ransverse straight l ine s imi lar  to that  found among parrots
( f ig.  1-13).  Usual1-y Mict 'ohieran is c i ted in th is regard (see
Pycraf  t ,  19 02:287) ;  a s i rn i l  ar  h inge occurs in Falco euuier i i
(USNM 18963, 18964).  Such a hinge is a resul t  of  an arched
brow with an abrupt angle between the brow and the rostrum
proper.  The hinge is capable of  easy movement.  Anter ior ly
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the nasal  and prefrontal  are not fused and tn poLyborus and
Mi,Luago a crack appears between the nasal  and frontal  process
of the prernaxi l la as in the accipi t r id.

The rostrum-labial  bar hinge ( f ig.  r rz)  is  var iable but not
dist inct ive.  sushkin (1905:56) pointed out that  "eine Jugale
bei  TinnuncuLus immer feh1t,  dagegen bei  jungen Astut , ,  Aecipi tez,
und Buteo vorhanden ist .  Viel le icht  is t  d ieses Merkmal von noch
916sserer bedeutung, daruber ist  jedoch ohne eingehender Kennt-
niss der Jungen einer gr6sseren ZahI von Vertretern der
Aceipi t res schwer zu urtei len,  da ein Vorhandensein oder Fehlen
des Jugale arn Sch5del  e ines erwachsenen Vogel  n icht  zu konsta-
t i ren ist . "  A hinge simi lar  to that  of  the Accipi t r id is found
in Falco peregz, inus and a jugal  may be present in the adul t
1abial  bar of  most genera.

The supraorbi ta l  process of  the prefrontal  may be reduced
or wel l  developed but never has a f ree superci l iary bone or
even an indicat ion of  such ( f ig.  113).*  There is a posi t ive
resenblance between the condi t ion of  the supraorbi ta i  processes
of aegypi ins and falconids;  i t  can be assuned that they are
convergent developments.

Fig.  113. Dorsal  v iews of  skul1 and frontonasal  h inge of  A.
Herpetotheres caehinnans, B. MiLuago ehimaehima, C. Falco
merieanus, D. Mictohieran caerulescens, E. PoLybot 'us eher iuay.
* tk ?t * :t ?k rt rt ?k tr fr * ?t ?t * ?t ?k ?k ?t ?t * tr ?t ?t tc rt ?t 2t ?t ?t * :t

x  Sushkin (1905:28) in a footnote commented that "Pykraf t
wiederhol t  d ie i r r th i i rn l iche Meinung der d. l teren Autoren, es sei
bei  den Falken das Lacrymale Ishould read Superci l iare]  am
oberen Aste des Thrdnenbeins angewachsen."
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The antorbi ta l  process of  the
a narrow, dorsolateral  tear-duct no
nay be in contact ,  or  fused over a
the lateral  ethmoid;  th is condi t ion
fami l ies and genera.

prefrontal  is  characterrzed by
tch ( f ig.  119).  This process
large part  of  i ts  length,  wi th
var ies wi th in both sub-

The sku11 of  the fa lco-nid may be simi lar  in out l ine,  as
viewed dorsaTTy, to that  of  the typical  accipi t r id;  i t  is  more
rounded in Falco.  The cranium shbws the cer-ebra1 swel l ings and
the rnedian depression from brow to occiput,  which is so charac-
ter ist ic of  the fa lconi forn sku11s (ex- iuaing the cathart ids).

The orbi ta l  margins show a certain amount of  extension, and
in Hez'petotheres (and others as wel l )  they come in contact  for  a
short  d istance with the inner margin- of  t i re supraorbi ta l  process
of_ the prefrontal .  Reduct ion in width or tengih of  the s ipra-
orbi ta l ,  process is paral le led by reduct ion in extension of  the
supraorbi ta l  margins (c.  f  .  , -  Herpetothez,es to FaLco to MiLuago) .

Th" tympanic region of  the cranium is morded by the j " ,
musculature ( f ig.  I t4) .  This area in the fa lconid is especial lv

B

Fig. rr4.  Lateral  v iew of  head musculature of  A.  poluborus
cheniuag ,  B.  FaLco sparDez, ius .

var iable in the appearance of  a poster ior  tympanic process ( f ig.
115)_,  _ which gives addi t ional  area for or ig in or the d.epressor
mandi,bulae .  \n A?Luago, Microhi ,ez,ar,  or  Faleo, th is process is
only indicated, whereas in polyborus i f  reaches i ts maximum
developrnent.  In contrast  to the accipi t r id,  the process tends to
extend more from the poster ior  than the dorsal  maigin of  the
tympanic cavi ty.  As a resul t  of  the presence of  th is process, the
tympanic margin has an angle at  the 1eve1 of  the head of  the
quadrate and also at  the point  of  junct ion of  the squamosal and
exoccipi ta l .

sushkin (1905:22) character ized the Farconidae as having a
zygomat- ic,process of  the squamosal of  a length equal  to z/s or
more of  the quadrate length.  The signi f icance of  th is character
is quest ionable and measurements are di f f icul t  to make because

o )y
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Fig. 115. Lateral  aspect of  the poster ior  part  of  the cranium
of A. Herpetotheres eaehinnans, B. Polyborus ehez' iuay,  C.
MiLuago chimaehima, D. FaLeo menieanus.

of  lack of  consistent reference points (see p.  114).
The art icular process of  the squamosal is a sharp-pointed

structure wi th a th in X-sect ion ( f ig.  115A).  In the i fbsfr  th is
process is connected with the alaparasphenoid process by a
l igamentous band (see beLou).  Anong the falconids,  ossi f ica-
t ion near ly encirc les the tynpanic membrane.

As indicated (p.114),  in the discussion of  the previous
group, the proport ion of  the width of  the basi tympanic processes
to the greatest  posttemporal  width is fa i r ly  character ist ic of
the group. The basi tyrnpanic porcesses of  the fa lconid nay act
also as a point  of  ar t iculat ion for  the medial  process of  the
mandible ( f ig.  1"068).  This feature appears to be unique to the
group. The somewhat character ist ic form of the tympanic margin
and the exoccipi ta l  process width is indicated by the more
rounded out l ine as v iewed poster ior ly.

Viewed ventral ly,  the out l ine of  the basal  depression is
more rounded in the fa lconid than in the accipi t r id ( f ig.  116),
a subt le di f ference which nay be more apparent than real .
Otherwise the bases of  the crania in these two groups are nuch
al ike in showing only s l ight  development of  the basal  processes.
Lateral  basiparasphenoid processes are at  best  indist inct .  As
in the accipi t r id the fa l lopian fenestra is c losed, but i t  is
usual ly rnuch reduced in s ize.  The eustachian tubes are en-
closed in al l .

The pointed, spine-1ike alaparasphenoid process on the
anteroventral  margin of  the rostral  a i r  sac cavLty,  the anter ior
audi tory recess, is character ist ic,  a l though a blunt process nay
occur here in some accipi t r ids ( f ig.  96).  This process reaches
i ts maximal proport ions in Mi luago in which i ts t ip almost con-
tacts that  of  the art icular process of  the squamosal.

Basipterygoid processes may be pr-esent or absent.  They are
dist inct  spines in Herpetotheres and uicrastur ' ,  whereas in
PoLy'borus they are extremely rudimentary.  Their  rare occurrence
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Fig.  116. Base of  cranium of A. Mi luago chimachima, B.
Microhi-enan caerulescena, X-sect ion of  palat ine to r ight ,  C.
H erp eto thez,e s caehinnana .

in adul  ts o f  FaLco meri  ce.nl ,Ls repres ents an atavism ,  s ince they
are lacking in most species of  FaLco and in the natal  specirnen
examined ( f ig.  106).  sushkin (1905:24) noted that these pro-
cesses appear in the development of  the skul1 of  FaLco but are
never funct ional .

The interorb' i ta l  septum usual ly has a large fenestra.  The
fenestra may have i r regular margins (Daptr tus),  or  there may be
several  openings (Micrautur) .  This is the only s i tuat ion in
which ossi f icat ion is reduced as compared with the accipi t r id.

The cart i laginous capsule of  FaLco di f fers f rom that of
Buteo in that  the vest ibule is completely enclosed ( f ig.  I t7) .
The form of the vest ibule is somewhat var iable,  i t  is  expanded
and globular in FaLco or 1ateral ly compressed tn poLyborus;  in
al l  i t  constr icts poster ior ly and dorsa1- ly to the median nar is
( f ig.  118).  The vest ibular fo ld of  FaLco, fey,acidea, PoLihierar,
and Spiz i ,aptergr is cupshaped and wel l  ossi f ied;  i t  is  associated
with a second, anteromedial ly directed fold f rom the lateral
wal1.  The remainder of  the fa lconids ( including Mierohterar)
have a s imple vest ibular fo ld l ike that  of  the accipi t r id.

The nedian nar is is high and somewhat restr icted with the
resul t  that  the nasal  turbinal  does not appear to project  into
the vest ibule.  This turbinal  of  FaLeo has a T-shaped X-sect ion,
especia1-J.y midway along i ts length ( f ig.  118).  I ts length is not
proport ional  to that  of  the previous group due probably to
shortening of  the rostrum. Sushkin (1905:25) stressed the point
that  poster ior ly i t  is  not  fused to the lateral  ethmoid as in the
accipi t r id.  The form of the turbinal  of  Polyborus and i ts
relat ionships to the lateral  ethmoid is just  as in Buteo. PoLi-
hierar is pecul iar  in that  the turbinal  has only an indicat ion of
the ro11 observed rn Buteo or Polybonus, being 1i t t1e more than
a plate extending down into the nasal  passage.

The ol factory capsule is s imi lar  to that  of  the accipi t r id.
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Fig. LL7. The cart i laginous nasal  capsule of  an embryo of  Faleo
t innuneulus (af ter  Sushkin 1-899b and 1900).  A.  Dorsal ,  B.
ventral ,  C. lateral  v iews.

In X-sect ion i t  is  a narrow, vert ical  f issure which arches
nedia1-1-y;  v iewed lateral ly i t  is  t r iangular,  the apex at  the
point  of  entrance of  the ol factory nerve. I t  l ies just  pos-
ter ior  to the craniofacial  f issure.  The opening of  th is capsule
l ies medial  to,  and is part ia l ly  obstructed by,  the nasal
turb inal  .

The lateral  ethrnoid ( f ig.  119) is wel l  developed throughout
the group and lateral ly contacts or fuses with the orbi ta l  pro-
cess of  the prefrontal  for  a s igni f icant part  of  the length of
that  process. The ol factory loop of  the lateral  ethmoid nay be
wide, as tn Henpetotheres,  or  reduced, as tn Faleo. In PoLybot 'us
and MdLuago (also one specimen of  Falco aLbiguLar is)  i t  is  rn iss-
ing ent i re ly.  Sushkin (L905:27) ment ioned that the passageway ,
between the orbi ta l  and rostral  cavi t ies,  between the ectethnoid
and the orbi ta l  process of  the prefrontal ,  is  much reduced as
compared with the accipi t r ids.  The condi t ion of  the fa lconid
is approached by Gampsonya ( f ig.  101).

The out l ine of  the parasphenoidal  rostrum and the cranio-
facial  f issure may be signi f icant ly di f ferent ( f ig.  L20).
Sushkin (1905:24-25) stated that,  " Im al lgeneinen, ist  der
Unterrand des Septums gerade, oder er ist  gekr i i rnmt in Form eines
i iegenden S bei  Falken, Karakaren, Microhieraces. .  .  ,  M'Lcrastut"
Herpetotheres; . . . "  The iat ter  form seems to be more ?ppf icable.-  

The outer art icular surface of  the quadrate has i ts axis
running poster ior ly and shows only a part ia l  rnedian curve in
Henpetotheres ( f ig.  103).  In FaLco this surface is constr icted
ant-eroposter ior ly.  The over-a11 conf igurat ion and out l ine is
not matched in other fa lconi forms.

The art icular surface of  the mandible has a deep lateral
notch with the anter ior  process elongated and hooked poster ior ly
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Fig.  1-L8. Nasal  passages of  A-B. FaLco sparuer, 'Lus,  C-D. Polybor.us
eher iuay; Iateral  v iew of  rostrum with out l ine of  vest ibule and
folds in dashed l ine ( lef t ) ,  X-sect ions of  rostrum as seen with
t ip cut  of f  a long l ines a,  b and d (1eft  of  middle),  B-D. sagi t ta l
sect ions of  rostrum showing vest ibular and nasal  turbinals,
X-sect ion of  rostrum as seen with t ip cut  of f  a long l ines c (above)
and e (below).  E.  Sect ion s imi lar  to c or e but for  Pol ihnerat .
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Fig. 119. Orbi ta l  v iews
eaehinnans, B. Mierastuy,
D. FaLco mexicq,nus .

of
C.

D

A. Herpetother.es
PoLyborus eher iuag,

r27

Fig'  r20'  Median sagi t ta l  out l ine of  interorbi ta l  septum and backof cranium of A. Herpetothez,es eachi i i i r " ,  s.  polyborus ehe, iaay,C. FaLeo meaicanua.

Fig '  127. Lateral  (A) and rnedial  (B) v iews of  the mandible of  anatal  FaLeo t innuneulue (af ter  sushkin,  1g05, rrg.  g) .  seef ig.  50 for  1abe1s.

( I ig '  194).  In i ts structure ( f ig.  rzr)  the nandible di f fers f rom
!l t "  accipi t r id or cathart id in ' th l t  the'preart icular is smal1.There is usual ly a large poster ior  fontanel le.  Tn Miet ,ohiez,as and
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some specimens of  FaLco (raLeo aLbigular i .s,  USNM 289804, and FaLco
peregr inus,  USNM 29M4) the inner and outer plates (splenial  and
supraangular)  1ap to c lose the fontanel le.  In agreement wi th
Sushkin 's (1905:36-37) conclusions, the presence of  a fenestra in
most species is a useful  feature.

The basihyal  ( f ig.  122) of  the fa lconid has a dist inct ive

Fig.  tZT. Hyoid bones of  A.  Mierohierar caev,uLescens ,  B.  Fal .co
sparuer ius ,  C. PoLybot,us eher iaay .

surface for the entoglossal  ar t iculat ion.  In FaLeo and PoLg-
borus th is element is 1atera11y compressed and is not matched by
that of  any of  the accipi t r ids.  t , t icrohierar di f fers in having a
sl ight  keel  on the basihyal .  The entoglossal  ossi f icat ions are
much l ike. those of  the accipi t r id or sagi t tar i id,  a l though
usual ly more squared and meet ing (or fusing) anter ior ly.

In summary,  the fa lconid skul1 can be charactertzed as
resembl ing the accipi t r id in most features and di f fer ing only in
having the palat ine processes of  the premaxi l lae fused anter ior ly
below the septal  bar;  in more complete ossi f icat ion of  the nasal
capsule,  including i ts lateral  wa11; in lacking a sup-erc:-1-rary1,
in the better development of  the art icular process of  the squamosal
the t ip of  which is associated with a dist inct  a laparasphenoid
spine; in greater reduct ion of  the basipterygoid processes, perhaps
never funct ional ;  in lacking ident i f iable anteropterygoids;  in
having a poster ior  fenestra in the mandible and a reduced pre-
art icular.

Most of  these are quant i tat ive di f ferences, but there are
apparent gaps between the "averages" of  the two groups. In other
f  e-atures that might be ci ted,  such "gaps "  are not aS convincing .
Of the above, only the lack of  the superci l iary is str ik ing'  a l -
though the fusion of  the premaxi l la below the septal  bar and the
condi t ion of  the mandible may in the f inal  analysis be more im-
portant.  In th is f i rst  detai l  the fa lconid agrees with S_agi t '
tar ius;  t t  d i f fers f rom Sagit tar ius in the preniaxi l lary feature,
lacking funct ional  basipterygoids,  and in having a poster ior
fontanel le in the nandible.

V
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The falconid type shows a restr icted range of  var iat ion wi th-
out any sharp subdiv is ion.  Minor detai ls could be ci ted to
support  some of  the exist ing subfarni l ies;  for  example,  the poly-
bor inae have a dist inc!  poster ior  palatal  process i r f  i f re prernaxi l la
and a reduced supraorbi ta l  process of  the prefrontal .  In terms
of the head skeleton the Falconinae blend with the Pol ih ieracinae.

Summary and Conclusions
The structure of  the palate has been much ut i l  ized in com-

par ing di f ferent k inds of  b i rds;  a part  of  th is comparison has
been the use of  the terms t tschizognathous" and "desmognathous."
These terms have been var iously def ined and subtypes of  the lat ter
ident i f ied.  Pycraf t  (1902:289) descr ibed the pal i te of  the cathar-
l id &s, "0f  the indirect  desmognathous type on account of  the
fact  that  the nasal  septum expands ventral ly into a hor i  zontal
p1?19, fusing on ei ther s ide wi th a pair  of  strap*shaped laminae
ar is ing f rom the inner dorsal  border of  the rnaxi l lopalat ine
processes."  The use of  " indirect ly desmognathous" in reference
to the cathart ids obscures the basic s imi lar i ty of  th is palate
to that  of  other "schizognathous" forms and assumes a s imi lar i ty
to the "desnognathousi l  p lates of  the other fa lconi forms.

The facts presented by the falconi forms, in terrns of  adul t
anatomy and development combined with s i rn i lar  informat ion f rom
other birds,  suggest that  the dromaeognathous type of  palate,  as
expressed in part  by the embryo of  Struthio (Hofer,  Ig4g, f ig.
15A; Lang, 1-956, f  ig.  L4) ,  is  the more pr imit ive type from which
var ious types have evolved. Thus, the pr imit ive palate had a
complete pterygoid in contact  wi th the vomer.  For rnany of  the
Neognathae ( including certainly the cathart id)  a schizognathous
type, suggest ive of  the charadr i i form or bustard,  appears to have
been the point  of  or ig in.  I t  is  possible that  a l l  of  the fa lconi-
forms started from this last  ancestral  type. 0ssi f icat ion of  the
nasal  capsule as wel l  as medial  extension of  the palat ine processes
of the premaxi l lae and maxi l lae have produced var ious types of
"desmognathous" palates.  Those of  three of  the fa lconi form
groups (sagi t tar i id,  accipi t r id,  and falconid) are direct ly
comparable and have been the main support  for  the cont inued union
of these in a common order.  I t  is  unl ikely that  th is t r io shared
an immediate common ancestor wi th the schizognathous cathart id,
but surely,  a long with other orders,  they share a distant
ancestor which was "schizognathous".

None of  the other features of  the sku11 or mandible appears
to be as useful  as the palate.  There can be 1i t t1e doubt that
funct ional  basipterygoid processes are pr imit ive,  but  these pro-
cesses range from funct ional  to lacking in the procel lar i i forms,
the charadr i i forms, and the falconi forms. A complete pterygoid
(as in the palaeognath or in foetal  accipi t r ids) is pr imit ive but
among the neognaths there is some, apparent ly errat ic,  var iat ion
in the adul t  form. The form and relat ionships of  the indiv idual
bones in the cranium-- i .e. ,  the f rontal  processes of  the nasal--
may supply useful  features,  but th is area of  knowledge has not
yet been explored. The nar ia l  aperture is relat ively constant
in the fa lconi form array.  The prefrontal  is  somet imes useful .
I t  separates the accipi t r ids and the cathart ids f rom the others
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and from each other.  Among the accipi t r ids the t rend appears to
have been from a sma11 prefrontal ,  wi thout a superci l iary-- i .e. ,
l ike most birds,  to one with a large supraorbi ta l  process and a
superci lLary.  In the aegypi ins extension into the supraorbi ta l
nernbrane occurred, as in- the fa lconid,  wi thout development of  the
superci l iary.  The superci lLary is probably a funct ional  modif i -
cat ion related to rotat ion of  eyes forward for binocular v is ion
in the "keener-eyed" predators.

As a funct ional  modif icat ion,  Wetmore (1944:60) assumed that
the venat ion of  the cranium of the cathart id is the resul t  of
increased blood supply to a th ickened naked skin cover ing the head.
Such a v iew may be correct ,  but  i t  must remain purely speculat ive
as the avai lable facts do not support  i t .  The heads of  cathart ids
are no more "naked" than those of  aegypi in vul tures,  which show no
more venat ion than types with feathered heads. Pel icans are not
bare-headed, but the tops of  their  crania resemble those of  the
cathart ids.

The general  forrn of  the cranium, i ts basal  processes and
tampanic r im are certainly plast ic as is indicated in the con-
vergence of  the condor and the gryphon vul ture.  The drast ic
tympanic margin al terat ion of  Cineus or Polyborus dissuades one
from placing rnuch trust  in i ts conf igurat ion.  The interorbi ta l
septum and the ethmoid structure vary widely.  The form of the
rnandible ident i f ies at  least  some falconids.

What s imi lar i ty the sku11s of  the sagi t tar i id,  accipi t r id,  and
falconid show needs further considerat ion.  There is l i t t le ques-
t ion that these types f ind only a poor natch elsewhere in the
Class Aves. Yet on inspect ion what are their  common at t r j -butes?
The cranium is not unl ike that  of  the owl or Car iama,;  the
prefrontals are matched fairLy wel l  by those of  Car iama, the
Al-cedinidae, and others .  This leads one to the thought that
perhaps the cr i t ical  d i f ference l ies in the rostrum. Th-" shape of
the upper part  of  the bi l l  is  the c lassic feature,  but  th is i ,s
shared with the owls in remarkable detai l .  The desmognathous
palate is not cr i t ical  s ince many other types (pelecani forms,
ciconi ids,  etc.)  share th is sty1e. The real ly s igni f icant points
are the lack of  an anter ior  palat ine fossa and the ossi f icat ion
of the septal  bar and vest ibule,  however,  these features are shared
with some of the desmognathous types and even with some of the
passer ines. Resort  to a combinat ion of  features reduces the
i imi lar i ty to the shape and structure of  the rostrum. Certainly
this could be the resul t  of  convergence !

A case for convergence is suppl ied by a comparison of  the
falconid and accipi t r id.  Assuming common ancestry,  some over lap
in physical  featuies should occur in v iew of  the wide range of
stze,  shape and adapt ive var iat ion wi th in the lat ter  groupi  s-u9h
over iap i ;  not  evidbnt.  Surely one of  the several  k inds of  fa l -
conids-would have a f ree superci l iary,  or  lack ossi f icat ion of  the
lateral  wa11 of  the vest ibule;  or  perhaps some of the accipi t r ids
could have a large poster ior  mandibular fontanel le or a tonial

" tooth" l ike that  of  the fa lconid.  Some might accept the resem-
blance of  the fa lconid prefrontal  to that  of  some ki tes,  Pandion,
and the aegypi ins as an instance of  over lap and evidence that the
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tormer group separated very ear ly f rorn the l ine that cont inued on
to the accipi t r ids (or v ice versus).  The detai ls of  form of  the
prefrontal  argue against  such a conclusion, and thus the head
skeleton presents no evidence of  interrelat ionship.

As one seeks proofs of  lack of  re lat ionship so also can
evidence of  re lat ionship be sought.  The var iat ions of  these
styles of  fa lconi forn head skeletons have convinced previous in-
vest igators of  interrelat ionship,  but  the features used to
indicate relat ionship are those that have been ei ther rej  ected
here or used to support  independent or ig in.  The above discussion
can only be interpreted as suggest ive;  we must,  therefore,  turn
to other areas for addi t ional  evidence.

OSTEOLOGY- - THE TARSOMETATARSUS

Defini t ion and Orientat ion
The avian tarsometatarsus has become increasingly important

in systemat ics as i t  is  f requent ly fossi l ized. Many species are
known only f rom i t .  Mi lne-Edwards (1867-L871: l -9)  descr ibed this
element and compared i ts taxonomic value to that  of  mammal ian
teeth.  Pycraf t  (1902) in his osteological  study scarcely men-
t ions i t  and Sushkin (1905) gives only a superf ic ia l  account,
basing most of  h is discussion on i ts musculature.  Recent authors
of fossi l  species have conf ined their  comparisons to smal1 num-
bers of  l iv ing species;  but  fa i r ly  detai led comparisons have been
made by Howard, especiatr ly in her descr ipt ion of  Spiza'Atus uiLLett i
1935).  More recent authors have placed great fa i th in the diag-
nost ic value of  the tarsometatarsus ( for  example,  Cracraf t  and
Rich, L972).  In v iew of  the l i terature,  the value of  th is bone
should be deternined for such a group as the falconi forms.

The development of  the tarsometatarsus is assumed to be much
the same in al l  b i rds ( f ig.  123),  but  i t  has never been ful ly
descr ibed (see Holmgren, L933, 1955) .  I t  is  conpounded from three
metatarsals ( I I ,  I I I ,  IV) and a proximal tarsal  component.  The
metatarsals of  the red-tai led hawk are part ly fused when ossi f i -
cat ion begins--wel1 before hatching. In the chick the tarsal  uni t
ossi f ies,  soon af ter  hatching, f rom bi lateral  centers;  i t  l ies
above the end of  the th i rd metatarsal .  Late in the nest l ing per iod
the three metatarsals fuse and the suture l ines are obl i terated.
The ossi f ied tarsal  mass covers the proxinal  end and acts as an
epiphysis.  Fusion of  the tarsal  mass to the metatarsals occurs
with the complet ion of  growth,  dt  or  short ly af ter  nest leaving.

The tarsometatarsus is molded by the nusculature and tendons
passing along i t  (Table 6).  The tarsal  component is part icular ly
plast ic and gives r ise to a var iety of  hypotarsal  processes. The
plast ic i ty of  th is uni t  is  re lated to the fact  that  ossi f icat ion
takes place fron the center of  the mass outward and is not com-
pleted unt i l  fu l l  growth is achieved.

In descr ib ing this bone the fol lowing or ientat ion terms have
been ut i l ized: proximal,  for  the end at tached to the t ib iotarsus;
distal ,  for  the opposi te end; medial  or  inner,  for  the s ide fac-
ing toward the midl ine plane in opposi t ion to lateral  or  outer;
anter ior  and poster ior ,  for  the f ront and back aspects respect ive-
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INSERTION

Bird (Fisher,  1945; Hudson, 1937, etc.)
1.  extensor hal lucis

2.  abductor digi t i  I I

3.  extensor digi t i  I I I

4.  adductor digi t i  IV
(=extensor brevis digi t i  IV)

5.  abductor digi t i  IV
6. adductor digi t i  I I
7.  f lexor hal lucis brevis (2 parts)

8.  lumbricales

M. JOLLIE

FTBULA-JFTBULA--{ ffi W 
FTBULA

-fJ{ r ff ,,,,.-MED,,M
W H 

FIBULARE-

LIGAMENT
FRENULA

TARSALINTERMEDIUM
FIBULARE

X-SECTION

INSERTION

FUSED

Fig.  I23.  The developing tarsometatarsus. A. Anter ior  v iew of
r ight  leg of  GaLLus domest ieus 2 days old.  B.  1tz weeks old.  C.
Anter ior  and D. medial  v iew of  proxinal  end of  th is bone in a
Zl<-week-o1d Buteo jamaicensi ,s.
,t rt tr f( * * ?t rt tt rt ?t ?t * rt * rt t{ tt ?f rt * ?t tr * fr tr * fc * ?t )t ?t ?t

Table 6.  Synonymy of  Tarsometatarsal  Muscles.

DC

A

Mammal (Ma.n)
extensor hal lucis brevis

(pt .  of  the extensor
digi torum brevis)

pt .  of  extensor digi torum
brev is

pt .  of  extensor digi torum
b revi  s

pt .  of  extensor digi torun
b revi  s

pt .  of  interossei  p lantar is
pt .  of  interossei  p lantar is
f lexor hal lucis brevis

(Z parts)
pt .  of  lunbr icales

Names used in th is account,  short  form under l ined.
1.  extensor digi torum brevis pars ha11ucis.
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2.  extensor digi torum brevis
3.  extensor digi torum brevis
4.  extensor digi torum brevis
5.  interossei  p lantar is pars
6. interossei  p lantar is pars
7 .  f lexor hal lucis brevis.
8. lurn6TTcaTes.
rt *--T-F--*--lF--tr-t( * :t ?t tr ?t * rt * * * * * * ?t rc ?t * tr * * ?t ?k ?t * t(

ry ,  The processes are ident i f ied in Figure rz4 and in the text
(see l {oward, 1929).

OUTER COTYLAR
SURFACE

INTERCOTYLAR PROMINENCE

HYPOTARSUS

PROXIMAL FOSSA

TIBIALIS ANTERIOR
SCAR

YPOTARSAL
RIDGE

Fig.  724. Right tarsonetatarsus of  fu11y
Gymnogyps eaLi f  ornian'Lla .  A.  Anter ior ,  B .
v iews.

Comparat ive Anatomy

C

grown nest l ing of
poster ior ,  C. nedial

The Cathart id (Cathartoid) Type
The inner coty lar  surface is more deeply hol lowed than the

outer and the intercotylar prominence r ises wel l  above ei ther of
these surfaces. The hypotarsus is a 1ow transverse block wi th two,
broad, shal low grooves on i ts poster ior  surface, a groove down
either s ide and across the proximal aspect,  and a th ick,  rounded

pars abductor digi t i  I I .
pars extensor digi t i  I I I .
pars td"uctor-  exTensor-Eiei t i  IV.-;--_-
aDcuctor c l  181t 1 1v .
adduEtor alElTT TT.

BA
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hypotarsal  r idge extending a short  d istance down the shaft  f rom
about i ts niddle.

The shaft  of  the tarsometatarsus. is somewhat ovoid in sect ion
(f ig.  I25);  i t  is  deeply grooved anter ior ly,  and f lat tened poster i -
or1y.  Tez'atornis has relat ively the th ickest shaft ,  whereas that
of  cathartes or coragyps is th innest.  The anter ior  aspect has a
de_ep proximal fossa (poster ior  d isplacenent of  the proi imal part
of  the th i rd metatarsal)  in which are two or more pairs of  fora-
mina, symmetr ical ly placed and marking the suture l ines between
the netatarsals.  The largest,  d istal  pair  of  foramina pierce the
shaft  of  the tarsometatarsus for the passage of  b lood vessels.

The t ib iaLis anter ioy scar ( f ig.  I25,  row b) l ies distal  to
these foramina and is rnade up of  two tubercles;  the larger r is ing
from the niddle metatarsal  and the smal ler  f rom the lateral  margin
of the second metatarsal  (scar descr ibed as s ingle by Fisher,
1946:675) .

The anter ior  surface of  the second metatarsal  may be marked
by one or two sl ight ,  i r regular paral le1 r idges ( f renula scars--
f ig.  725 C b,D b).  These scars,  in the modern species,  are at
about the 1eve1 of  that  of  the t ib ia l i .s  anter ior .  The frenula is
relat ively wide (up and down) but short  (across the tarsorneta-
tarsus);  i t  holds the extensor dngi torum Longus tendon ( f ig.  726)
close to the lateroanter ior  angle of  the second metatarsal .  The
anter ior ,  proximal r in of  Tenatornis is pecul iar  in having a
prominent lateral  tubercle,  which ar ises f rom the lower edge of
the proximal r im and hooks medial ly ( f ig.  I7,5 D a).

Dista11y, the anter ior  aspect of  the tarsus shows a short
tendinal  groove for the adduetor-entensor digi t i  IV,  which passes
through a canal  between metatarsals I I I  and IV. Coincident wi th
the proximal end of  th is canal  is  the distal  foramen--passage for
a smal1,  round impression marking the or ig in of  the entensor
dis i t i  I I I .

The canal  of  the adduetor-ertensor digi , t i  IV emerges in the
intertrochlear notch next to the poster ior  surface. In most
cathart ids a sma1l pi t  narks the notch anter ior  to the opening
of th is canal  .  Teratov,ni ,s di f fers in that  th is canal  usual ly is
exposed poster ior ly,  a smal l  br idge occurs in some specimens. In
Cathav,tes,  the poster ior  wa1l  of  th is canal  nay be sl ight ly cut
back at  i ts  d istal  margin.  Also pecul iar  to Teratornis is the
fact  that  a sma11 pi t  or  foramen occurs,  &t  the 1eve1 of  the
distal  foramenr otr  the poster ior  surface between metatarsals I I
and I I I .

The poster ior  surface of  the tarsus is fLat tened and has a
ser ies of  longi tudinal  grooves, impressions of  the three muscles
which cover th is area: the f leror haLlueis breuis,  adducton digt t i
I I  and abducto? digi t i  IV.  The abductot '  d ig i t i ,  IV tendon makes
an inpression just  above the fourth t rochlea, which extends down
and out onto the lateral  aspect of  that  t rochlea.

The distal  out l ine of  the t rochleae, as v iewed anter ior ly
I f ig.  L25, rows e,g),  has the middle t rochlea extending beyond the
second and fourth which terminate at  s l ight ly di f ferent 1eve1s, the
inner one near ly equal l ing the th i rd whi le the fourth is smal lest
and shortest .  The trochleae are rounded and have only s l ight
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Fig. I25.  Comparat ive sketches of  r ight  tarsometatarsi  of  A.
Cathartes auz,a,  B.  Sareoramphus papa, C. Gymnogyps caLi fornianus,
D. Teratoz'nis merr iami.  From top to bottom; row a,  proximal end,
anter ior  aspect down; row b,  anter ior  v iew of  proximal end; Tow c '
poster ior  v iew of  proximal end; row d,  X-sect ion through shaftr-^anter ior  

aspect down; row e,  poster ior  v iew of  d istal  end; row f  ,
d istal  end, anter ior  aspect up; row g,  anter ior  v iew of  d istal
end.
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TIBIALIS ANTERIOR

EXT, DIG.
LONG.

FLEX.
HALL. BR.

\DD. DIG.

T. HALL. DIG,

ADD-EXT.
DIG. IV

DIG.

c
Fig.  726. Right tarsometatarsal  muscles of  Cathartes aLtr ta.  A.
Superf ic ia l  tendons of  anter ior  aspect,  B.  muscles of  anter ior
aspect,  C. muscles of  poster ior  aspect,  D. deep f lexor tendons of
poster ior  aspect,  lumbricales out l ine dashed.

project ing art icular r idges; these are best developed on the inner
edge or t rochlea I I  and the outer edge of  IV.

The trochleae show certain pecul iar i t ies in that  the medial
art icular r idge of  the second trochlea is drawn sl ight ly nedial ly
and up. The art icular facet of  the middle t rochlea ends sharply
above, both in f ront  and behind, as a highly arched l ine ex-
tending wel l  above the intertrochlear notches. The outer t rochlea
shows nothing of  s igni f icance. Other aspects of  the t rochleae
are noted under the accipi t r id type.

The cathart id tarsometatarsus shows remarkable constancy
throughout the group so that subgroups cannot be def ined. I t  can
be character ized as fo l lows: coty lar  surfaces of  approximately
equal  s ize separated by a wel l -e levated j -ntercotylar prominence;
hypotarsus simple wi th 1ow rounded hypotarsal  r idge running distal-
ly- ;  proxirnal  anter ior  fossa deep and symmetr ical ;  t i 'b iaLis anter iot
scars dist inct ly proximal and paired; lateral  and median aspects
of shaft  convex (as seen in X-sect ion),  anter ior  and poster ior
surfaces sl ight ly grooved; metatarsal  scar regular wi thout strong
l igamentous at tachrnent scars;  d istal  t rochleae fair ly symmetr ical ,
wi ih rounded art iculat ions,  round scar on anter ior  aspect above
middle t rochlea.

DBA
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The Sagi t tar i id Type
The tarsometatarsus of  th is type is long and sl in.  The out-

l ine of  the proximal end, as v iewed anter ior ly,  is  s in i lar  to the
cathart id;  the lateral  coty lar  surface is lower and more deeply
hol lowed than the rnedial  one ( f ig.  L27).  The intercotylar pro-
minence is wel l  e levated, rounded, and almost nedian in posi t ion.

Anter ior ly the tarsus is grooved for most of  i ts  length;  the
groove increases in depth and width proximal ly and terminates in
a wel l -hol lowed fossa. Close to the proximal end, in the fossa,
the shaft  is  p ierced by foramina on ei ther s ide of  the middle
metatarsal .  Just  d istal  to,  and in touch with,  the foramina are
the scars of  the t ib iaLis anter ior  nuscle insert ion.  In contrast
to the cathart id,  the medial  tubercle of  th is insert ion is larger
than the lateral  one. 0n1y the lateral  f renula scar is present
on metatarsal  I I  ( f ig.  L28).

The hypotarsus shows some resemblance to that  of  the cathar-
t id but i t  is  less massive;  i ts narrowly rounded r idge extends
down the middle of  the shaft  (metatarsal  I I I )  for  one sixth of  the
length of  th is bone, where i t  g ives way to the poster ior  f lexor
surface. To ei ther s ide of  the hypotarsal  r idge are the poster ior
proximal fossae the outer nargins of  which are marked by r idges.

The lateral  aspect of  the shaft  is  wide (widest in i ts middle
hal f ) ;  the posterolateral  angle is sharp.  The rnedial  aspect is
narrower and almost f1at ,  becoming rounded distal1y.  The " f lexor
surface" begins in the second sixth of  the length of  the shaft
and extends distal ly to the region of  the metatarsal  I  scar where
i t  fades out.

Viewed anter ior ly the distal  foramen pierces the shaft  some-
what above the entrance of  the qdductov,-ertensox. digi t i  IV canal .
The lat ter  passes between the thi rd and fourth metatarsals and
opens midway in the intercondyLar notch rather than poster ior ly
as in the cathart ids.  The medial  t rochlea ( I I )  l ies in the same
or at  a s l ight ly higher plane than the outer;  the former is
dist inct ive in i ts shape, i ts distal  out l ine curves up sl ight ly
from the lateral  to the medial  margin.  The niddle t rochlea ( I I I )
is  d isproport ionately large. Anter ior ly i t  ar ises sharply f rom
the shaft  a long an arched 1ine, whereas poster ior ly i ts art icular
surface terminates at  the leve1 of  the tops of  the intertrochlear
notches. The outer ( IV) t rochlea is not dist inct ive.  Addi t ional
features of  the t rochleae are ment ioned under the accipi t r id type.

The long, crane-1ike tarsometatarsus of  the secretary bird
resembles in nany ways that of  Uyeter ia or Car iama, to select  only
two non-related genera ( f ig.  t27).  There are s imi lar i t ies to
other fa lconi forms ,  part icular ly the cathart ids,  and few unique
features.  This type can be character ized as:  much l ike the
cathart id but hyportarsus less symmetr ical  as seen from behind,
hypotarsal  r idge cont inuous with poster ior  surface of  shaft  which
has strong posterolateral  angle;  lateral  and nedial  aspects of
shaft  grooved; medial  t rochlea longer than lateral  one but smal ler ,
when viewed anter ior ly.

The Accipi t r id Type
The tarsometatarsus of  th is group shows a wide range of
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Fig. I27.  Right tarsometatarsi  of
Amynopt iLon z,obustum, C. Myctert  a

A. S-"gt t taz, ius serpentar ius,  B.
ame r ' t  cana ,  D .  Car i  ama ez, i  s taxa .
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DIGITI IV
PROXIMALIS

EXTENSOR
HALLUCIS

ABDUCTOR
DtGtTt t l

o f  r ight  tarsometatarsus of  Sagi t tar ius
Anter ior ,  B.  poster ior  aspects.

2r+9(149)

Fig.  1,28. Muscles
serpentar ius.  A.
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variat ion.  The most dist inct ive feature_is the sty le of  hypo_tarsus and i ts artendan.,  
I19g":  ( i i ; ; ' .  rzg,  73r)  .  rn most thereis an inner and outei  . " rcaneal  i i roE"rs beir""rr 'which the f lexortendons pas:.  The degree of  , ;p; ; ; ; i ; "  of  these processes var ies.They are widely set  i i  i t "n i" : -E_;; ; ; i | roontu""  Harpia,  and. piLhe_cophaga, and clgse together in nos\ ' i i l 'o^ru.  1n eaLd. ion,  pe,nis,and ELanol ides ( f ig.  Lzi l  th is t ""ai" i i  groove is roofed overforming a calc ineir  . rn i r  ,  Aui .eeda 

-r"pr"rents 
a t ransi t ionalstage from 

lh" open to t t ru c losed canal  .The outer c i lcaneai-  pto."rs is usual ly lower an. broad.er thanthe inner.  rn ro"soi-  i i ; :  ; ; i r i_"g"1,  in s ize to the medialprocess whereas in-  HaLiaeetus and, '  re i iv tyophaga i t  has been dis_placed raterarry and rr" i tened so i , - . rot  to be vis ibre f rom above.From above, the outer pio."r ,  usualry is separated from the headof the tarsometatarus ay ;h;-" ; ; ; ; ' ; ' f  the peronaeus nerve. Thisnotch is wel l  developed. '  in Buteo and. Leptod.on, 
" iJ"  .urr t  recogniza_b1e in Toz'aos 

3"9.  utz i is ]  i t ra i i  t i " . t  In Neop-hron and cireai) tus ,and absent tn Hal iaeet i i '?:*  
- ! ; ; ; i i "o i rn" 

( f igs 7zs,  rs7) .The lateral  (outer)  calcaneal-piocess_gives r ise to a roundedr idge, which extends down ;h;- ;h; i t "" ia fades into the outerposter ior  margin.  rh is r i9; ; ,  
- ;* ; ; " i i ; ,  

is  , ,o i . r r"a 
"uy 

the ac-cessory tendon of  the perond.nus to"gi i ' . -  Thir- i " r r j i . r " r  scar beginson the ' lateral  face of ' the tarsus, lasses down and backward acrossthe poster ior  angle to t r r"  r i "*or ' r i i i " . "  for  about one third ofthe tarsal  lengt[ ,  where-- the t""ao"- i , r i " ,  wi th the pars pez,fot ,atusdigLt i  r r I  tendon. rrru length oi  i t  
"*Jr t"r  

calcane'al  r idgevar ies;  i t  is  short  in t r ru 
- lmal1 forms, rorrg" i - i ; " ; i l "  larger ones.I t  is  c lear lv del in i tea-meai; i ;  ut ' i , r ;  fossa of  the abduetoz,digi . t i  rv muscle and t f iu 

- iaterai  
, r l r . r iar-  foramen ( f ig.  1s0) .rn the vul tur ine species,  th;-- ia. IJrur r idge has been shi f tednedial ly and fused with i r t " t  or  tn"-rn"Jrar process (  the presentsubfami lv A"ql l l t l?"- t1ui- '  rnoothopi" ; :  Transi t ional  f  rom thistype is a ser ies of  gbnera start ing 

" : . t i ,  
c i ; ; ; r t i " ' - i^a passing.through Haematornis Ind c iponinno*-to-certain fossi ls such asButeo ales and f inal ly to"tn" i i l ; . ; i  igcipi t r id type representedby the l iv ing,species oi  ar tno or Accipi tet , .A typical  lateral  calcaneal  r idge' is also want ing in thepernin.k i tes and pandion. -  

i+- t . i r i r ,  i ; ; "0_ the _poster ior  aspect ofthe tarsus is fa i r ly  f lat  and the r i i " t i r  r id.ge is 1i t t le morethan a l ine malkl ls ' the margins of- ;h;  Luauotoz.  d. ig i . t i  Iv  and theadduetoz'  d is i t i  r r - impressi6ns- c i igr l "  f iz-6i"1iz i ' 's  
t -  L

The mediar calcaneal  process var ies f rom pi11ar_1ike inElanus or Gamp.sonyn to an elongated ; i ; ; "  in Leptod.on, chond.no_h iez 'ar ,  Gypohieran, spi ,Lo,ni ." , "^cyi io 'n; ; ;  
" ,  

or  pandion (  f  igs 736 ,r37) .  proximal lL:n:_nargin-"r" i r t i r " ; ' ; " .cess 
usual ly is bentmedial lv at  

"^t igh!  a1slgl  rn" ; ; ; ; " i i i ,  *"rgi . ,  is  th ickened andexpanded where i t  cont icts the fasciu-u".rosing the f lexor tendonsand anchor ing the gastrocnemius sneei .  DistaLry i ts margin curves
l :H; i*  

shaft  ana fades out as a 1ow rounded'r iJ;"  of  short
Anong the vul tur ines th is terminar r idge and that of  thelateral  proces:_3r9 

^fused 
( formeJ b;" ; i "  poster ior  d ispracementof  metatarsal  r r r  ( f ig.  izd B,c,D).  ih;  product of  th is fusion
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Fig.  729. Proxirnal  ends of  r ight  tarsometatarsi  of  A.  Cirea7tus
gaLLieus ,  B.  Neophron perenopter l ts ,  C. Tongos tz 'aeheLi .otus ,  D.
Gypa?tus barbatus,  E.  GApohierar angolensis,  F.  HaLiaeetus
LeueoeephaLus, G, f  chthyophaga iehthya'dtus,  H. ELanus Leueunus, I .
Chondrohierar uneinatus,  J.  Buteo jamaieensis,  Row a, end viewn
anter ior  aspect down; row b,  poster ior  aspect;  row c,  medial  aspect
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EXT,

EXT. HALL

Fig.  130. Muscles of  the r ight  tarsometatarsi  of  A.  Torgos
traeheLiotus,  anter ior  aspect of  d istal  hal f ;  B.  Aeeipi ter
stz, iatus,  anter ior  aspect of  d istal  end; C. AquiLa chrysaUtos,
anter ior  aspect r ight ,  Poster ior  aspect lef t .

extends proport ional ly fur ther down the shaft  and l ies more
lateral ly (as indicated by the posi t ion of  the lateral  vascular
foranen) than does the medial  r idge of  most accipi t r ids.  In
transi t ional  forms, the increase in bulk of  the f lexor tendons
(correlated with strength of  grasping) is responsible for  the
separat ion of  these r idges.

The rnedial  process is separated in most members of  th is
group from the margin of  the tarsometatarsus by the deep rounded
foss a of  the fLeroz,  haLlucis brepis.  Elanus and GampsonAn are
singular in lacking a dist inct  proximal fossa medial  to th is
process. In these genera the medial  pTocess ar ises as a pi l lar
almost f rom the margin of  the bone (on1y a sma11 part  of  the
muscle ar ises nediaLIy,  most of  i t  ar is ing f rom the distal  as-
pect of  the process and lateral  to th is area).

Associated with these calcaneal  processes are vascular
foramina piercing the shaft  f rom the anter ior  proximal fossa.
The posi t ion of  these foramina is qui te inconsistent especial ly
that of  the inner (as v iewed poster ior ly) .  The rnedial  foramen
may open on the inner face of  the medial  calcaneal  process
(AquiLa chrysa'etos),  wel l  above the ventral  margin,  or  at  any

l io i i - t ion f rom this to one wel l  lateral  to the distal  end of  the

B
C
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process (HaLiaeetus-- f ig.  L29).  Sl ight  var iat ion occurs wi th in
a species and more within a genus (Table 7).

The lateral  vascular foramen may be of  value as a posi t ion
marker.  In the bulk of  the accipi t r ids,  i t  appears on the medial
s ide of  the lateral  r idge, whi le in the vul tu i ine species i t  l ies
lateral ly or on the lateral  s lope of  the hypotarsal  r idge. Anong
the pernin k i tes and Pandion, th is foramen marks the proxinal
lateral  head of  the 'adductot  d i .g i . t i  I I  ( f ig.  1 j0) .

This out l ine of  the coty lar surfaces, as v iewed from in
front,  is  fa i r ly  d ist inct ive of  nost  accipi t r ids ( f ig.  131).  The

Fig.  1,3L. Anter ior  v iews of  proximal end of  r ight  tarsometa-
tarsi  of  A.  Neogyps errans ,  B.  Aqui la ! ,erz,eaur i  ,  C. Spizaetus
coronatus,  D. Spizaetus orr latus,  E.  Spizaetus gr. innel l i ,  F.  Aqui la
ehnysaUtos, G. Elanus Leueurus, H. pandion haLiaetus,  I .  chond.ro-
hierar uneinatus ,  J.  HaLiaeetus Leueoeephalus.

outer coty lar  surface is higher than the medial  one and less
deeply ho11owed. The anter ior  margin presents only a s l ight ,
somewhat latera1ly displaced intercotylar prominence, in ionirast
to the cathart id or Sagi t tanius.  Among the vul tur ines,  the
pernin k i tes and Pandion, the level  of  the outer and inner coty-
lar  surfaces may be equar or that  of  the medial  one higher,  but
in every case the intercotylat  prominence is somewhat 1atera1ly
displaced.

E

H\lF
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The anter ior  aspect ( f  ig.  151) has a r^/e11-developed, but
shal low, proxirnal  fossa in which are found two vascular forarnina,
ly ing at  about the same level ,  one on ei ther s ide of  the rniddle
metatarsal  component.  Proximal to these are lesser foramina
enter ing the bone i tsel f .

The distance between the main vascular foranina var ies and
does not seem to show any constant relat ionship.  The t ib iaLis
anter ior  tubercle is wel l  down from the proximal end of  the
tarsometatarsus and usual ly l ies just  lateral  to the midl ine.  I t
is  just  medial  to the midl ine in GypaUtus, Saneogyps, Elanus,
GampsonAn, the pernin k i tes ,  Pand'Lon, and Geranospiza.  I t  var ies
in shape from circular tn Gyps to an elongated, distal ly elevated
r idge tn Neerosgrtes.  Most accipi t r ids have an elongated
tubercle;  the extreme is Pandion. Anong the vul tur ines,  the
t ib ia l is  anter iov,  tubercle is c lose to the proximal foramina,
thus approaching the sty le of  the cathart id or Sagi t taz, ius ( f ig.
138).  This relat ionship var ies f rom close together in GAps or
Neerosyntes through Terathopius (which equal  s CineaUtus) to the
bulk of  the group. Circus also shows a c lose approximat ion of
tubercle and proxirnal  foramina as do the pernin k i tes,  Pandion,
fethyophaga, Hal iaeetus,  MiLuus, Haematov,nis,  Hypomorphnus, and
Heterospiz ias.

The length of  the power arm of the tarsus was the subject
of  some speculat ion by Loye Mi l ler  (1911:3L3; 1,912:93),  who noted
that long tarsi  have a short  power arm whereas short ,  broad tarsi
have a relat ively longer one. Table 8 summarizes measurements on
this matter and shows the percentage of  the total  length of  the
tarsus represented by the distance from the proximal end to the
center of  the t ib ia l is  anter ior  scar.  I t  is  notable that  Pandion
stands apart  in the length of  the "power arm."

Medial ly the anter ior  proxinal  fossa is bounded by the
lateral  metatarsal ,  which var ies in prominence from scarcely dis-
cernable among the pernins ,  Pandton, most vul tur ines and some
species of  AquiLa, through Torgos, and other species of  Aqui la,
to wel l  def ined in the buteonin species.

0n the lateral  metatarsal ,  just  below the proxirnal  r im, are
located the frenula scars ( f igs.  131, L36, I37,  138, 139).  These
scars represent ossi f icat ions of  the points of  at tachment of  the
l igamentous loop for the tendon of  the ertensor digi torum Longus.
In Chondrohieran these scars are drawn out into dist inct  processes.
The inner one projects f ron the posteromedial  angle of  the proximal
margin of  the tarsometatarsus and is shorter than the lateral  one
which l ies somewhat below i ts level .  The frenula in th is genus
l ies more toward the medial  margin than in any other genus and
the scar processes are relat ively c loser together.  Among the
other pernins,  these scars 1ie somewhat more toward the nidl ine
of the tarsometatarsus near the proximal r im and on about the same
1evel .

In ELanus the nedial  scar appeals as a project ion f rom the
medial  r im of  the tarsometatarsus. The more lateral  one l ies at
the lev 'e1 of  the top of  the proximal fossa; i t  marks the lateral
edge of  a broad distal  extension of  the tarsal  r in which,  below
the 1eve1 of  the proximal foramina, fades into the medial  meta-
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Table 8.  The length of  the lever arm X 100 /  Length of  the
tarsometatarsus for selected species of  each of  the four basic
types. An * denotes a fossi l  species.

Ca thar t i  d
Coragyps atratus
Gymnogyps cal i fornianus

Sagit  tar  i  id
Sagi t tar ius serpentar ius

Acc ip i  t r  id
Pandion hal iaetus
Leptodon pal l iatus
Gymnogenys typicus
Hal iaeetus leucocephalus
Gypohierax angolensis
Gypai ! tus barbatus
Neophron perenopterus

*Neophrontops arner i  canus
Haematornis cheela
Terathopius ecaudatus
Necrosyrtes monachus
Aegypius monachus

*Neogyps errans
Aqui la chrysadtos (30 neasured)

*La Brea Aqui la (50 rneasured)
Aqui la rapax
Aqui la audax

*Buteo ales (my neasurements)
(Wetmore I  s measurements)

Accipi ter  str iatus
Circus cyaneus

Fal co ni  d
Polyborus cher iway
Herpe to theres cachinnans

,t tc f( * rt 2t rt tr tr * tr tr ?t * * ?t ?t ?t *

tarsal .  The frenula in th is genus is broad; i t  extends from i ts
rnedial  at tachment outward and down to the lateral  one. Elanus is
pecul iar  in the distance of  separat ion of  the scaTS (approaching
Pandion in th is detai l )  and also in the extreme midl ine posi t ion
of the more lateral  scar.

In Pandion the frenula is completely ossi f ied and extends
from the lateral  margin almost direct ly across the tarsometatarsus
to i ts nidl ine.  The lateral  at tachment l ies just  below the level
of  the nedial  one and is at  the level  of  the proximal foramina.
This loop is wel l  down from the proximal end.

In general  the f renula scars tend to l ie at  d i f ferent 1evels,
the medial  h igher than the lateral ;  however,  th is var ies wi th in a
genus (Buteo) .  An opposi te extreme is reached tn HaLiaeetus.
Neogyps'eryans (a LaBrea fossi l  forrn) has the surface of  the meta-
tar ia l  ra ised between these scars,  a pecul iar i ty which is just
suggested rn AquiLa cht,ysaetos.  The scars themselves are equal ly
developed, wi th an average separat ion,  and at  the Same 1eve1 as in

L4 .6
19.1

5.2 -  6.2

32 .2
29 .2
16.1
26.
18.4
23 .3
L7 .3
L2.5 -  13.
75 .2
') ')

t5.7
19.8
2L .1" -  23 .3
25 .3 -  29 .1,
23 .8 -  28 .1"
z0 .3
25.9
L7 .9
16.5
L3.Z
1.3 ,3

L1, .2
20.2

:t ?t * ?t rs ?t * ?t * * tr * * ?t
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the golden eag1e.
Frenula scars are absent in the vul tur ine species and

Cireaetus.  In Tongos there is a fascial  sheath which encloses
the extensor tendon from the jo int  region for a distance of  about
one-hal f  inch (1ike sagi t tar ius).  In Necnosgrtes there is a
narrow but very weakly developed frenula.

The shaft  of  the tarsus is typicalTy t r iangular in cross
sect ion ( f ig.  732):  f lat  on the outer (sonewhat anter ior)  aspect,

Fig.  L32. X-sect ions of  the r ight  tarsometatarsal  shafts of  A.
Buteo jamaieensis,  B.  Genanospiza nigra,  C. Leptodon palLiatus,
D. Pandion haLiaetus,  E.  Neerosyrtes monaehus, F.  GAps eopro-
theres,  G. Torgos tracheLiotus.

hol lowed poster ior1-y,  wi th the anter ior  medial  surface sloping
poster ior ly.  Among the vul tur ines the var iat ion ranges from
strongly t r iangular in Neopht,ontops, Neophz,on, Neerosyz.tes ,  and
Terathopius to the round tarsi  of  the larger members.  In
Genanospiza and Gymnogenys ( f ig.  138) the t r iangular tarsus is
al tered as i t  is  among the pernin k i tes and in Pandion ( f ig.
r37).

The poster ior  f lexor groove is wel l  hol lowed and usual ly
unmarked (may show the impression of  the adductor digi t i  I I ) .*
The f lexor surface in Pandion, Auiceda, Pernis,  Chondrohierar,
Leptodon, and ELanoides is relat ively f lat  and has a ser ies of
shal low impressions for the three poster ior  muscles.

Distal ly ( f ig.  I33) the f i rst  metatarsal  scar may be di-
rected almost media1-1-y (Elanus) or poster ior ly (ueophrontops
f ig.  158).  In most accipi t r ids the strong binding of  the f i rst
metatarsal  is  indicated by a l ine of  i r regular bumps extending
to the 1evel  of  the distal  foramen. Proximal ly the scar is
roundedi  Lt  becomes elongate and acute distal1y.  The proximal
edge of  the art icular surface is raised and separated by a notch
from the project ing l i .ne of  the medial  edge of  the tarsus,
except in such genera as Chondv,ohierax and Leptodon where the
rnargin of  the tarsus is not dist inct ly raised.

On the distal  hal f  of  the anter ior  aspect of  the tarsometa-
tarsus the tendon of  the adductor-entensor digi t i  IV produces a
groove, which leads into the distal  foramen and canal .  The
proxirnal  margin of  the canal  may not correspond exact ly wi th the
edge of  the foramen so that there are two openings at  the distal
rt rt rk ?t 2t 2t t( rt t( ?t rt rt * * ?t :t * ?k ?t rt flt ?t ?k tr ?t tr tt t :t tr ?t *

*  Sushkin (1905:54) assumed that the adduetor digi t i  I I  was
wel l  developed and produced a dist inct  impression in the bone only
in the Falconidae.
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E

Fig.  I33.  Distal  ends of  tarsometatarsi  of  A .  AquiLa ehrysa'dtos ,
B.  ELanus Leueunus, C. Paidion haLiaetus,  D. Gez'anospiza nigra,
E. Chondrohierar uneinatus.  Row a, anter ior  aspect;  row b,  end
view; row c,  poster ior  aspect.

end of  the tendinal  groove in Neerosyrtes,  Chondrohierar and
occasional  specimens of  other genera.  In one specimen of
Leptodon the r ight  tarsus has no distal  foramen (an anomaly).
Among the accipi t r ids the adductor-extensor canal  opens into the
intertrochlear notch equidistant f rom ei ther margin.

The ertensor digi t i  I I I  may have the upper and nedial  margins
of i ts or ig in indicated by a scar.  Leptodon and Chondnohierar
have a pi t  above the rniddle t rochlea l ike that  seen in the
cathart id.  The abductor digi t i  I I  may have a fa i r ly  d ist inct ,
roughened area of  or ig in which extends frorn the t ib iaLis anter i .ot ,
tubercle to the upper and lateral  margin of  the f i rst  metatarsal
art iculat ion.

Viewed anter ior ly the out l ine of  the t rochleae is fa i r ly

DaB
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character ist ic.  The inner t rochlea usual ly extends furthest,  but ,
the niddle one may exceed i t  (Neerosyy,tes and Neophron);  in
GypaUtus-,  Sarcogyps, Tt , igonoeeps, Tot,gos, and Aegypius- the inner
and middle are equal  in length,  i f  the former do6i  not  actual ly
exceed the lat ter .  The outer t rochlea is the smal lest  and short-
est  in al l .  There is much indiv idual  var iat ion in the relat ive
lengths of  the t rochleae ( f ig,  1,34) but 1i t t le s igni f icance is
at tached to i t .  However,  b i rds having feet adapted for walk ing
or running show a much extended medial  one ( l ike those of ' the
cathart ids and Sagi t tar ius among the falconi forns).

L34 135

Fig.  I34.  Anter ior  v iew of  d istal  ends of  tarsometatarsi  of  two
specimens of  Aqui la ehr.ysaAtos to show var iat ions in the
trochleae. Lines below emphasize these var iat ions.

Fig.  135. Distal  end of  tarsometatarsus to show refrence points
of  measurements referred to in tables 9,  10.

The inner (medial)  and outer t rochleae usual ly have wel l -
developed wings. The outer wing extends poster ior ly whi le the
inner one projects posteromedial ly.  These wings seem to be
correlated with grasping and are best developed in those forms
having the most robust feet .

The inner t rochlea is character ist ic in that  the anter ior
art icular surface shows no distal  grooving; i t  extends outward
and backward to the t ip of  the posterolateral  process with only
a s imple dip.  Howard (1932:72) has assumed that the length of
th is inner wing is of  use in ident i fy ing members of  the
"Aegypi , inae."  The only sat isfactory (and admit tedly inconplete)
test  of  a character l ies in an examinat ion of  a l l  the known mem-
bers of  the group; such an examinat ion shows that th is feature
does not ident i fy any subfami ly.  Table 9 presents the percentage
tr ?t rt * * ?k t( tr * * f( ?t rt * X ?t ?t tr ?t ?t ?t ?t tr ?t t( * ?t tr * * tr ?t rt

Table 9.  The greatest  depth of  the t rochlea I I  X 100 /  the dis-
ta l  width of  the tarsometatarsus for selected species of  each of
the four basic types. An * denotes a fossi l  species.

Cathart  id
Cathartes aura
Gyrnnogyps cal  i  fornianus

Sagi t tar  i id
Sagi t tar ius serpentar ius

54.8
47.7

49. -  50.s
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Acc ip i  t r  id
Pandion hal iaetus
Elanus leucurus
Pernis apivorus
Rostrhamus sociabi l is
Hal iaeetus leucocephalus
Gypohierax angolens is
Gypadtus barbatus
Neophron perenopterus

*Neophrontops americanus
Haematornis cheela
Terathopius ecaudatus
Necrosyrtes monachus
Trigonoceps occipi ta l is

*Neogyps errans
Aqui la (range of  f ive species)
Aqui  la chrysai i  tos (  30 rne asured)
Spi  zai i  tus ornatus
Geranospiza nigra

*Buteo ales
*Palaeastur atavus
*Palaeoborus howardae

Fa1 conid
Polyborus cher iway
Falco Peregr inus

lr :t ?t rt :t tt rt rt ?t ?t * tr tt:t rt fr t(

s8.6 -  63.8
50.

rt ?k rt * * ts * rt * ?t tt ?t tr * tt *

55.
51.
47.
56.
58.
52.
53.
51.
48.
53.
60.
57.
50.
54.
54.
54.
62.
51.
52.
50.
53.

8
I

4
5
a
L

2 -  50.7
3

3
4

- 57.
-  60.
-  60.

7
5
A
-

3

of the total  d istal  width represented by the deepest measurement
of  the second trochlea (measured as indicated in f ig.  135).  The
actual  measurements are not l is ted s ince any reevaluat ion should
be based upon independent measurements.  The percentages indi-
cated are those for the r ight  tarsus of  specimens l is ted in
Table 4.  0n1y in the case of  AquiLa chrysa7tos was a suf f icrent
number measured to give an accurate representat ion of  the range
of var iat ion wi th in a s ingle species I  the range within th is species
equaled that of  the genus.

The posterolateral  length of  the second trochlea var ies f rom
47.8% to 62.7% of the total  width of  the distal  end of  the tarsus,
being least  among the pernins and greatest  among some of the
large powerful  species (SpizaUtus orna.tus).  The length of  th is
process appears to be a crude measure of  the predatory capaci ty in
the species or at least  the c lenching strength of  the foot.  I t  is
relat ively short  in fossi l  species as compared with more modern
types.

Arnong the vul tur ines there is a tendency for shal low
trochleae, but there is every gradat ion to that  of  Aqui la or Buteo .
Arnong the members of  the Aegypi inae the inner wing is least
developed in Neophrontops and increases through the group in the
fol lowing order (on the basis of  general  appearance):  Aeggpius to
Necrosgrtes,  which equal  s Torgos, Tt ' igonoeeps ,and GAPs; to
Saz,eogips,  which equals Gypaetus.  From here the ser ies extends
to Terathopius,  which equals Aqui la wahlbergi  or  Civ 'c-a 'etus.  0n
the basis bf  measurements the ser ies is somewhat di f ferent s ince
such measurements do not capture the three dimensional i ty of  the
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"whole" process. Among the vul tur ines there is
this project ion to be more poster ior ly directed,
the range of  var iat ion over laps that of  the core
Accipi t r idae (Buteo 

"  
Aeeipi tez,)  .

a tendency for
but here again
genera of  the

The inner t rochlea of  Pandion is the most dist inct ive in the
group; i t  has the posteromedial  process bent toward the midl ine
of the tarsus. I ts form is probabLy related to the wide angle of
rnedial  movement of  which the digi t  is  capable;  superf ic ia l l |  i t
resembles that of  the owl.  Another pecul iar  inner t rochlea- is
that of  Qamnogenas -( ! lg.  139);  here the posterolateral  process is
short  and thick and dist inct ly separated- f rom the art icular sur-
face by a groove. This groove extends up onto the anter ior  medial
face where i t  ends as a dist inct  pocket.  The trochlea of
Gymnogenys aPpears to an adaptat ion for  i ts pecul iar  c l i rnbing
habi ts (9ee swann, 1924-L945; 98-99, euot ing-shortr idge; or 

-hapin,
1.932: 596) .

The middle t rochlea is usual ly c lear ly del ineated from the
anter ior  face of  the shaft .  The out l ine of  i ts  upper nargin is
gent ly rounded. In some genera,  Neophrontops, SareogYps, Aeggpius,
Toz,gos, Aqui la (uerreauni) ,  Geranospiza,  Hetenospiza,  Hypomorphnus,
there may be an indist inct  p i t  at  the apex of  i ts  upper lnargin
just  as in the cathart ids.  Leptodon and Chondrohieyan show larger
impressions above the rniddle t rochlea. The middle t rochlea is
grooved around i ts ent i re arc,  the groove being least  evident
behind. This groove in Pandion is except ional ly wide. ELanus
and Gampsonyu are dist inct ive ( f ig.  1338) in having the poster ior
dorsal  margin ei ther indist inct ,  the art icular surface of  the
trochlea fading into the shaftr  or  t runcated, and not extending
nuch above the tops of  the intertrochlear notches.

Howard (1932:72) used the depth of  the th i rd t rochlea as a
dist inguishing character of  the Aegypi inae. The depth of  th is
trochlea was measured for species which appear to show extremes
(Table 10).  Among the accipi t r ids i t  ranges from 33.9% to
53,6%; the range in the Aegypi inae is f rom 40.8% to 53.6%. 0n
the basis of  proport ions,  Hal iaeetus or Aqui la could be cal led
vul tu,r ine.  The lapping of  percentages frorn one group to another
indicates the unrel iabi l i ty  of  th is character for  the ident i f i -
cat ion of  fossi l  subfami l ies.

The outer t rochlea shows 1i t t1e s igni f icant var iat ion.  I t
has a poster ior  lateral  project ion,  which var ies in length wi th
that of  the medial  t rochlea. This process is rounded poster ior ly,
in contrast  to the dorsal ly pointed process of  the cathart id,  and
usual ly i t  ends blunt ly.  Pandion is pecul iar  in that  h is process
has a t runcated margin,  pointed at  i ts  ventroposter ior  angle;  i ts
form ref lects the wide lateral  moriement of  which the digi t  is
capable.

The posterolateral  margin of  the shaft  just  above the outer
trochlea shows a shal low groove for the abduetor digi t i  IV
tendon. The form of th is groove var ies wi th in the group; i t  is
most apparent and widest amongst the pernins.

Viewed end oD, the t rochlea nay 1ie near ly in one plane, as
in Leptodon, or may be strongly arched around the f lexor tendons
as in Pandion, In most accipi t r ids the t rochleae are wel l  arched
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(f igs .  L33, L36 ,  137, 158, 139) .
From the descr ipt ion of  the tarsus of  th is group, f ive sub-

types are largely or part ly def inable:  e lanin,  pernin,  pandionin,
vul tur ine and the remainder of  the Accipi t r idae.

The elanin tarsometatarsus (Elanus and Gampsonyr)  is  unique
in many features ( f ig.  136A).  The calcaneal  processes are re-
duced to fLat-  topped pi l1ars,  widely separated and lacking
dist inct  hypotarsal  r idges. The inner process is located located
near ly on the margin so that there is only a smal l  medial  or ig in
for the fLeuor haLLueis bneuis.  The outer process has a wel l -
def ined notch at  i ts  base for the passage of  the peronaeus nerve.
Anter ior ly the' t ib ia l is  anter lor  scar is on the nedial  s ide of
the midl ine (as in nany other k i tes).  The shaft  is  strongly
tr iangular in sect ion;  the poster ior  f lexor groove is deeply
hol lowed. The trochleae do not resemble those of  any other genus
in the fani ly.  This sty le of  tarsus seems to be dist inct ly
special ized for easy f lexion of  the toes; the foot i tsel f  is
proport ional ly snal l  and not part icular1-y powerful .

The hypotarsus of  the pernin var ies f ron the perforated type
of Pernis or Elanotdes (resembl ing Pandion) through Auieeda to
the open type found in Chondrohieran and Leptodon ( f ig.  I37) ,
The proximal f renula is very weak tn Apiceda; strongly ossi f ied
in Chondrohieran. This type is not strongly t r iangular in sec-
t ion;  i t  has a f lat tened, grooved anter ior  surface and poster ior ly
the f lat  f lexor surface has dist inct  impressions of  the fLeror
hal lueis breuis,  adduetor digi t i  I I ,  and abduetoz,  d ig i t i  IV
muscles.  Viewed end on, the t rochleae 1ie near ly in one plane.

In Pandion the hypotarsus is relat ively enornous, extending
wel l  down the tarsus and enclosing a canal  for  the f leror
di .g i torum and fLenor haLLucis Longus tendons. The ossi f ied f renula
is pecul iar .  Distal ly the t rochleae are dist inct  in form and
strongly arched around the f lexor tendons, resembl ing more closely
the owl than any of  the hawks. The tarsus (and foot)  is  ex-
tremely powerful  and does not resemble in detai l  that  of  any of
the other fa lconi forrns.

The relat ionship between the bulk of  the accipi t r ids and the
other k i te genera ( l , taehaerhamphus-- f ig.  1568, Rostz,hamus--f ig.
156C, MiLuus, fct in ia,  and Harpa.gus) cannot be ascertained fron
the tarsus as every stage of  t ransi t ion seems to be present.  The
tarsus of  rct in ia,  for  exanple,  agrees in detai l  wi th that  of
Aeeipi ter  or  Circus (see L.  I t ' l i11er,  L937 ,  oD Hanpagus) .

The vul tur ine type ( f ig.  1-38) has a weak foot,  which is not
used for c lutching prey in the fashion of  the more act ive hawks,
as a resul t  the tarsometatarsus is less rnodeled, the f lexor groove
less developed so that the calcaneal  processes share a rounded
distal  r idge. This sty le of  hypotarsus is connected with the
typical  accipi t r id through such transi t ional  genera as Civ 'eaUtus,
Haematornis and Tev.athopius.

Mi11er and Howard (var ious publ icat ions) have at tempted to
def ine a type of  tarsometatarsus for the Aegypi inae by the use of
proport ions based on the depth of  the second and third t rochleae
Tables 9 and 10).  I f  the vul tur ine sty le were conf ined to the
Aegypi inae, a combinat ion of  hypotarsus, lack of  f renula scars,
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Fig. 156. Right tarsometatarsi  of  A.  Elanus Leucurus,  B.
Aabhaerhamphus aLcinus, C. Rostrhamus soeiabi .L is.  Row a, proximal
end; row b,  anter ior  aspect;  row c,  d istal  end; row d,  poster ior
aspect.

Fig.  1,37. Right tarsometatarsi  of  A.  Pandion haLiaetus,  B.  ELan-
oides forf icatus,  C, Leptodon palLiatus (rows drb,c,d,  as in Fig.
136).
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Fig.  138. Right tarsometatarsi  of  A.
Neophrontops amerieanus, C. Neophron
d, as in f ig.  136).

Fig.  139. Right tarsometatarsi  of  A.
Geranospiza nigra (rows a,  b,  c,  d,

ffi

ffi

g €m

-o

A

() r-1

1)

@
fo
H

Neerosyrtes monaehus, ts.
pevenopterus (rows a,  b,  c,

Gymnogenys tUpteus, B.
as in f ig.  136).
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Table 10. The depth of  the t rochlea I I I  X 100 /  the distal  width
of the tarsometatarsus for selected species of .each of  the four
basic types. An * denotes a fossi l  species.

Cathart  id
Sarcoramphus papa
Coragyps atratus

*Teratornis nerr iami
Sagi t tar i  id

Sagi t tar ius serpentar ius
Accipi t r id

Pandion hal iaetus
Leptodon pal l iatus
Pernis apivorus
Elanus leucurus
Rostrhamus sociabi l is
Hal iaeetus leucocephalus
Gypohierax angoleni is
Gypadtus barbatus
Neophron perenopterus

xNeophrontops americanus
Sarcogyps calvus
Necrosyrtes monachus
Aqui 1a chrys ai i tos

*La Brea aqui la
Aqui la audax
Aqui la rapax

nSpizadtus gr innel_l i
*Neogyps errans
Buteo lagopus
Buteogal lus anthracinus

*Buteo ales
*Palaeaster atavus
*Palaeoborus howardae
Accipi ter  cooper i i

Falconid
Falco peregr inus
Polyborus cher iway

rt t( rt :t f( * rt * tr ?t * tr * f( rt rt tr rt *

50.
58.8
56 .4 -  62.

44. -  4s.7

39.6
33.9
41_ .7
37.
35.3
46.r
40.8
50.7
44.
46.2 -  47.3
49 .4
53.6
43.7 -  46.5
40,7 -  47.
41.9
47 .2
48.7
41.5 -  44.L
J/.5

36.8
41.5
48.1
47 .7
47 .2

4I .3
51.8

:t tr tr tr * tr rt tr tr tr * rt 2t ?t
ar id lack of  wel l -developed processes on the second and fourth
troch_leae might be used to def ine i t .  However ,  Neerosyrtes,
Tenathopius,  Gypa'dtus,  and Cirea'dtus show a combinat ion of  wel l -
developed processes and_aegypi in hypotarsus, thus br idging any
gap that might exist .  The tarsometatarsus of  Gypabtusl  af  though
agreeing in matters of  the hypotarsus, is not vui tur ine distat iy.
9apol t teran lacks . the aegypi in hypotarsus, has wel l -developed
frenula scars 

" ld,  
in general ,  bpproximaies the pernin type.

The resul t  is  that  re"a. thopius,  i l  not  c iz,eaatus^,  must bb- in-
c luded in the aegypi in group whi le Gypadtus and cypohiet ,at  should
be excluded.

The bulk of-  the accipi t r ids show some agreement but nuch
var iat ion.  Certain features indicate that  the same special izat ion
has occurred several  t imes within the group; examplei  include the
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detai ls of  the hypotalsus and i ts at tendant r idges and the form
of the t rochleae. rndependent var iat ion in det l i l  has lef t
nothing by which one can separate the di f ferent subfarni l ies.  The
tarsometatarsus in some cases is even a poor indicator of  gener ic
af f in i ty *(depending on how one def ines a genus).  such genera as
P-oLemaUtus, spizadtus,  and Hiez,aaetus cannot be dist ingulshed
from AquiLa whereas Hanpia,  Pi theeophaga and StephanoaAtus show
a remarkable paral le1ism. (Some might feel  that  re lat ionship is
indi  cated .  )

General  resemblance of  tarsometatarsi  would tend to l ink
Aceipi ter ' ,  Cineus" and ret inta,  whi le t ransi t ional  forms of  Buteo
l ink these to AquiLa. The length of  the outer hypotarsal  r idge
suggests that  Aeeipi ter , ,  Ciz,eus, and fet in ia represent "advanced"
types; in an opposi te v iew these are the most 'pr imit ive,  or  least
modif ied.  BusareLLus has a dist inct ive tarsometatarsus at  the
end of  a ser ies extending from Buteo through Buteogal lus,  Hapo-
morphnus, Hetenospiz ias,  and Leueopternis.  HaLiaeetus and
fethyophaga are also dist inct  f rom the central  type, but paral-
le led in some features by Busarel lus.  This k ind of  tarsometatar-
sus has an extremely f lat tened outer calcaneal  process, no
peronaeus notch, and a deeply hol lowed fossa for the nedian part
of  the abduetor digi t i  I I .  Gymnogenys and Geranospiza show some
agreement in their  h ighly modif ied tars i  ( f ig.  139).  This
simi lar i ty leaves one confused as to whether relat ionship or
convergence is indicated.

A character izat ion of  the accipi t r id type necessar i ly  is a
descr ipt ion of  an "average" form since wide var iat ion is observ-
able in every detai l .  Thus, the hypotarsus usual ly is div ided
by the f lexor tendons into two calcaneal  processes, which extend
distalLy only a short  d istance, the medial  one is sheet l ike and
extends further than the lateral  one; the intercotylar prominence
is low; proximal ly the lateral  margin is notched by the peronaeus
nerve; the anter ior  proximal fossa is shal low and indist inct ;  the
proximal foramina 1ie midway between the 1ateral1y displaced
t i ,b iaLis anter ior  tubercle and the proximal end; the shaft  tends
to be tr iangular in cross-sect ion (strongly concave poster ior ly,
s l ight ly convex anteromedial ly,  and f lat  lateroanter ior ly) ;  the
distal  t rochleae are asymmetr ic,  the medial  one appear ing to be
the largest (seen anter ior ly)  and the inner tapers out as a long,
blunt- t ipped posterornedial  wing.

The Falconid Type
The outer calcaneal  process of  the hypotarsus is always re-

duced in s ize ( f ig.  140);  i t  represents a poster ior  and somewhat
lateral  project ion of  the proximal r im separated by a wel l -de-
f ined f lexor groove fron the large inner calcaneal  process.
There is no notch for the peronaeus nerve on the lateral  aspect.
The lateral  hypotarsal  r idge is short ,  extending mediaLLy and
forming the proxirnal  nargin of  the lateral  fossa. Dista\Ly th is
fossa is cont inuous with the f lexor groove; i t  has dist inct
muscle impressions in Herpetotheres,  but these do not change i ts
fr * f( ,! tr ?t * t( tr tr t( tr ?t fr * tr * ?t tr :t ?t ?t tr ?t ?t * t( t( ?t ?t.?t ?t ,t

' t  A paper by Mart in (1975, Wi lson Bul l .  ,  87:413-416) is an
example of  i11 founded speculat ion.
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Fig.  140. Proxinal  ends of  r ight  tarsometatarsi  of  A.  Polyborus
eher iuay, B. Micrastut  semitorquatus ,  C. Herpetothenes eaehinnans,
D. FaLco mexieanus. Row'a,  proximal end; row b,  poster ior
aspect;  row c,  medial  aspect;  row d,  anter ior  aspect;  row e,
X-sect ion of  shaft .
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general  appearance.
The nedial  calcaneal  process is large (as in some gal l ina-

ceous birds), .  I t  extends wel l  down the tarsus as a sheet of
bone, the hypotarsal  r idge, which is cont inuous with the inner
margin,  e i ther direct ly as in Falco or indirect ly by a rounded
r idge in the Polybor inae. Herpetotheres is s ingular in that
th is process cont inues distal ly,  as a s l ight  r idge lateral  to
the medial  rnargin,  as far  as the upper margin of  the metatarsal
scar.  The medial  calcaneal  r idge is shortest  ( reduced) in
PoLyborus or MiLuago and longest in FaLco and Herpetotheres,
The fossa of  the f lea.ar t ta lLu.e. i .s braui ts is conf ined by the
medial  calcaneal  process, and i ts distal  r idge, to the medial
aspect of  th is bone in contrast  to the condi t ion of  the
acc ip i  t r  id .

The relat ionship of  the medial  proxinal  forarnen to the
calcaneal  process is constant;  i t  l ies at  the base of  the
process on the nedial  s ide.

The out l ine of  the top of  the tarsus, as v iewed from in
front,  is  s imi lar  to that  in the accipi t r id.  The outer coty lar
surface is just  s l ight ly higher than the inner.  The inter-
coty lar  prominence is general ly reduced; i t  is  best developed
in the more terrestr ia l  Polybor inae.

Anter ior ly the proxirnal  foramina are c losely associated
with the t ib iaLi .s antev, ioz,  tubercle which l ies wel l  to the
nedial  s ide and, in al l  genera,  seems to be a part  of  the rnedial
metatarsal .

The medial  metatarsal  lacks the f renula scars on i ts
proxirnal  surface, th is l igarnentous loop is shi f ted up onto the
Lonnect ive t issue of  the jo int  ( f ig.  141).  The posi t ion of  the
frenula appears to be involved in the c lutching power of  the
foot.

The X-sect ion of  the tarsornetatarsus has a wide var iety of
forms. Herpet.otheres approaches the accipi t r id in t r iangular i ty,
whi le Micrastur shows the extreme of  the tetragonal  form. In
general  there is a nedial  f lat  surface as wel l  as a smal l
lateral  one. Anter ior ly the tarsometatarsus tends to be grooved
for a greater part  of  i ts  length;  grooving is least  in FaLeo,
which resembles the accipi t r id,  and most in Mienastur.  Mi,ev 'astut '
is  unique in i ts deeply grooved anter ior  and poster ior  surfaces;
i t  probably has the strongest c lutching foot of  the group.

Distal ly the tendon of  the adductot ' -entensor digi t i  IV
passes into i ts tendinal  canal  e i ther above, oT at  the 1evel  of
t t re distal  foramen ( f ig.  14L. Herpetotheres resembles the
accipi t r id in th is detai l .  In other fa lconids,  var ious levels
of  separat ion exist  between the foramen and the point  where the
tendon passes into the canal .  Separat ion is widest and also
least wi th in the genus FaLco.

Poster ior ly the addueton digi t i  I I  i rnpression is best
developed :-r t  Herpetotheres;  in addi t ion,  there is a good inpres-
sion oI  the tendon of  that  muscle ( f igs.  140C ,  1,42C) .  In most
falconids the tendon can be traced as fat  as the upper end of
the metatarsal  scar (also in Chondt 'ohiez'ax and ELanot ides) .
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FRENULA

Fig.  L4L. Muscles of  the lef t  tarsometatarsus of  Faleo spay.-
uer ius,  A.  Anter ior ,  B.  poster ior  aspects (see f ig.  130 for
labe1s).

The lateral  margin of  the metatarsal  scar lacks the i r -
regular r idge which extends distal ly in the accipi t r id ( f ig.
L4Z).  The poster ior  surface has a smal l  p i t  above the medial
intertrochlear notch. This pi t  is  absent in Herpetotheres as
i t  is  in the accipi t r id.

Distal ly the canal  of  the adductoy-ertensor digi t i  IV opens
on the poster ior  rnargin of  the intertrochlear notch. The
poster ior  cover of  th is canal  may be ent i re ly lacking from the
leve1 of  the distal  foramen to the intertrochlear exi t  in some
specimens of  Herpetothey,es or FaLeo, or i t  may show var ious
stages of  incompleteness dista1ly.  The intertrochlear notch of
Herpetotheres,  as v iewed distal ly,  has a pi t  above the opening
of the extensor canal  just  as do some cathart ids.

The falconid t rochleae are fa i rLy dist inct ive ( tables 9,
10).  The medial  process of  the second trochlea is th inner
(1ess tapered),  has a more truncated t ip,  and is more pointed
ventral ly;  i t  is  more sharply di f ferent iated from the body of
the t rochlea. The art icular surface of  th is t rochlea may show

B
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Fig.  L42. Distal  ends of  r ight  tarsometatarsi  of  A.  -Polyborus
eher iuay, B. Mierastur semitorquatus,  C. Herpetotheres
eaehinnans, D. FaLeo meuieanus. Row a, anter ior  v iew; row b,
distal  v iew; row c,  poster ior  v iew.

a s l ight ,  middle groove. The medioanter ior  aspect lacks'  the deep
pi t  of  the accipi t r id.  As v iewed poster ior ly the upper and lower
margins of  the art icular surface forn an hourglass.

The falconid type shows extreme var iat ions,  but i t  can be
characte,r ized as having: a short ,  th ick,  lateral  calcaneal  pro-
cess, arfd a sheet-1ike medial  one, which projects wel l  out  f iom
the shaft  and separates the fossa of  the f lexor haLlucis f rom
that of  the other poster ior  muscles;  a shal low anter ior  proxinal
fossa in which the proximal foramina are just  above the medialLy
displaced t ib iaLis anter ior  tubercle;  usual ly a square cross-
sect ion to the shaft ;  asymmetr ic distal  t rochleae, the inner one
of which has a less tapered, more sharply di f ferent iated postero-
medial  process and a dl-st inct ively formed art iculatory body.

Within th is array,  four subtypes appear:  micrastur in,
herpetother in,  polybor in and falconin.  Three of  Sushkin 's (1905)
subfami l ies are thus separable on the basis of  th is bone.

The micrastur in subtype is most unique and shows 1i t t le
simi lar i ty to that  of  Herpetothez'es wi th which i t  is  usual ly
al1ied. The hypotarsal  r ldge is shortened and resembles that of

DBA
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the polybor in.  The t ib iaLis anter iot ,  scar is separated fron the
medial  r idge whereas the proximal anter ior  fossa is deep and
cont inuous with an anter ior  extensor groove. The shaft  has an
H- shaped cross sect ion.  rn Miez,astut ,  r 'uf ieoLLis the anter ior
aspect is less grooved than in M. semitorquatus.  The distal
scar of  the adduetor digi t i  I I  tendon is weak.

Herpetotheres resembles Falco on the one hand and the ac-
cipi t r id on the other.  The hypotarsal  r idge is l ike that  of
FaLeo but the impression of  the adductor digi t i  I I  is  d ist inct
both proximal ly and distal1y.  The proxirnal  anter ior  fossa is
shal low and not cont inuous with an extensor groove; the shaft
is near ly t r iangular in sect ion.  Poster ior ly,  the sma1l pi t
above the rnedial  intertrochlear notch found in the other sty les,
is lacking. The distal  t rochleae show an independent sty le of
model ing.

The polybor in has a shortened hypotarsal  r idge, which ex-
tends less than one quarter of  the length of  the tarsometatarsus.
This appears to be a paral le l ism to the vul tur ine species of  the
aocipi t r id group, perhaps an adaptat ion for  walk ing. The shaft
is square in sect ion as in FaLeo. This sty le of  tarsus is also
found in Spiz iaptez,yr .

The falconin sty le is found in EaLeo, feraeidea, PoLihieraa,
and t t tc.hy,ohie?an (see Sushkin,  1905 :  16 5,  170) .  I  t  has a long
hypotarsal  r idge, weak proximal impression of  the adduetor
digi t i  I I ,  and a square cross-sect ion to the shaft .  Faleo is
pecul iar  in that  the t ib ia l  or  gastrocnemius mass, associated

TIBIOTARSUS

SESAMOID

TARSOMETATARSUS

Fig.  I43.  Medial  v iew of  heel  jo int  of  a specimen of  Falco
rust icoLus (USNN{ 345380) to show sesamoids.

Sumnary and Conclusions
The taxonomic value of  the tarsometatarsus has never been

thoroughly invest igated. From this study j - t  is  evident that
th is bone has the same l imitat ions as the pterylosis or the
head skeleton. Some orders cannot be character ized by th is
element ( i .e. ,  grui forms, ral l i forrns,  charadr i i forns) whi le
others,  such as the parrots,  are easi ly dist inguished. The
form of the tarsometatarsus is dependent in part  upon muscular
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d-evelopm9nt,  which in turn ref lects the adaptat ions of  the 1eg.
The 

-nolding 
ef fects of  the musculature are not always paral leI ,

-as for  e_xample the di f f  erences in the equal ly powerful-  bones of
hawks ,  fa lcons, owls,  and parrots.

The tarsometatarsi  of  each of  the several  types of  fa l -
coni forms are dist inct ive and are not easi ly compared with each
other or wi th those of  other orders.  The cathart id can be
superf ic ia l ly  compared with Sagi t taz, ius or the procel lar i i form,
pelecani form, c iconi i forn,  ra l l i forn,  grui form, or charadr i i forn.
An interrelat ionship between the cathart id and sagi t tar i id is
nei ther substant iated nor refuted by th is element,  sagi t taz, ius
shows some simi lar i ty to cav, iama (ral l i form-grui forrn) or the
storks,  a s imi lar i ty which is not reveal ing as to relat ionship.
The accipi t r id and falconid types share modif icat ions imposed
by a th ick bundle of  f lexor tendons and can be considered as
superf ic ia l ly  s imi lar  a l though no real  over lap is evident.

In terms of  evolut ion,  the cathart id-sagi t tar i id hypotarsus
and trochleae are probably least  modif ied f ron that of  the
ancestral  b i rd in which the tarsometatarsus was already strongly
modif ied f rom the rept i le (Arehaeopteryn).  The cathart id type
is possibly very c lose to that  of  the theoret ical  ancestor,  more
so than Sagi t tar ius in which elongat ion has occurred. That a
less modif ied type than the cathart id exists among l iv ing birds
is possible but cannot as yet  be ident i f ied.

The falconid type appears to be somewhat less specia1- l -zed
(1ess grasping power) than the accipi t r id,  a l though the

micrastur in or herpetother in sty le may represent an equal  degree
of nodi f icat ion.  0f  the fa lconids,  the polybor in sty le (best
typi f ied by Mi loago) can be considered the most pr imit ive.
That of  Polyborus is modif ied ( lengthened) for  walk i tg,  whi le
the other sty les might be correlated with var iat ions in use of
the legs.  The lengthened medial  calcaneal  process of  the
herpetother in and falconin is unique among birds.

The accipi t r id type is a product of  an even stronger c lutch-
ing musculature than the falconid.  I f  the tars i  of  ear ly
TertLary hawks give some indicat ion of  the evolut ion of  th is bone,
the pr imit ive form was simi lar  to that  of  Leptodon or GApohierar,
among the l iv ing species,  but  larger.

In terms of  s ize and the form of the tarsometatarsus the
ancestral  accipi t r id was already dist inct ively speciaLrzed in
the Eocene. From this ancestral  form a ser ies of  vul tur ine types
appeared as wel l  as large powerful  predators--many of  these
l ines have become ext inct .  The range of  adapt ive var iat ion
within th is group, fo l lowing i ts in i t ia l  radiat ion,  has probably
always been large.

OSTEOLOGY--THE PECTORAL G]RDLE

Defini t ion and Orientat ion
Three bones, the coracoid,  scapula,  and clavic le,  are in-

volved in the pectoral  g i rd le and forrn the area of  ar t iculat ion
of the humerus. The f i rst  two are cart i laginous in or ig in and
the lat ter  rnembranous. There is nothing of  s igni f icance in the
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developrnent of  th is t r io of  bones (each ossi f ies f rom a single
center) ;  nor is the anatomy of  th is region complex.

The f i rst  ef fect ive use of  the anatomy of  the pectoral  g i rd le
was made by Ridgway ( l -875) to separate the Falconidae fron the
Accipi t r idae. Fi i rbr inger (1888) made an extensive study of  th is
region in birds.  I t  is  suggested that some detai ls of  the
coracoid and clavic le can be used in determining the phylogeny
of the fa lconi forms. This is t rue even though this region shows
restr icted var iat ion and of ten the indiv idual  e lements cannot be
dist inguished from those of  other orders.  For lack of  recog-
nizable features,  the scapula wi l l  not  be discussed.

Conparat ive Anatony
The Cathart id (Cathartoid) Type

The brachial  tuberosi ty of  the coracoid ( f ig.  t44) is an
irregular rounded knob. The clavicular facet on i ts medial
aspect is more or less t r iangular in out l ine and is pecul iar  in
that i t  is  only s l ight ly raised from the shaft  and is wi thout
sheet-1ike project ions.  Just  below the anter ior  margin of  the
facet there is a smal1 fossa with pneunat ic openings into the
shaft  ( f ig,  1,44) except in Cathartes where this fossa is indis-
t inct .

Below the head, posterolateral ly,  are the art iculat ions of
the humerus and scapula.  The coracoidal  port ion of  the glenoid
fossa is a shal1owly hol lowed area with rounded margins (especial-
Iy dorsolateral ly) .  The scapular art iculat ion is a t ransverse
area extending from the ventromedial  margin of  the glenoid fossa
to the t ip of  the proceracoid.  The glenoid fossa tends to be
more l inear-ovoid in shape, rather than e1l ipt ical ,  and i t  is
not as deeply hol lowed as in the accipi t r id group.

The elongate,  t r iangular procoracoid projects inward below
the glenoid fossa. I ts upper margin forms a part  of  the scapular
art iculat ion.  The free margin is th ick and rounded as compared
with the other groups where i t  is  th in edged. The coracoidal
canal  p ierces the shaft  near the distal  end of  the procoracoid
process. Through this canal  passes the nerve of  the supraco?a-
eoideus muscle.  The posi t ion of  the canal  var ies;  i t  approaches
the margin of  the bone in some specimens of  Coraggps but is
usual ly set  wel l  back.

The shaft  of  the coracoid is relat ively short ;  i t  constr icts
gradual ly to the level  of  the distal  end of  the procoracoid then
expands to form the f lat tened sternal  port ion.  The anter ior
interrnuscular l ine (between the nedial  ly ing supraeopaeoideus and
the rnore lateral  coraeobrachial is Longus nuscle) l ies wel l  to the
lateral  s ide.

The lateral  out l ine of  the sternal  end (sternocoracoid pro-
cess) is character ist ic.  The margin of  the shaft  sweeps down
and out to a t runcated t ip ( insert ion of  sternocoraeoideus pars
eostal is)  and then down and inward to a point  d istal  to the end
of the interrnuscular l ine.  The ventral  margin,  f rom the end of
the intermuscular l ine to the medial  angle,  ar t iculates wi th the
sternum. The rnedial  t ip of  the art icular surface is rotated out-
ward so that i t  is  exposed to v iew from an anterolateral  angle.
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CORACOID CANAL

ANTERIOR
INTERMUS-

CULAR
LINE

LIGAMENT

IMPRESSION

pig:  1 '44.  Left  coracoids of  A.  cathartes au'a,  B.  Ggmnogyps
eal i foz 'n ianus, c,  Gymnogyps eaLi fornianus (anter ior  ispel? '  ot
coracoid head) D. reratornis merz, iami.  Row a, medial  i r ier  of
head; row b,  end view of  head; row c,  anterolateral  v iew of
shaft  and sternal  end; row d,  ventroanterolateral  v iew of  sternal
end; row e,  posteromedial  v iew of  sternal  end.
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The sternocoracoid i rnpression of  the poster ior  aspect (which
is largely unoccupied in the f lesh) has i r regular pneumatic open-
ings, especiaLly along i ts ventral  margin.  There is a l igarnental
scar near the lateral  margin but,  in the f lesh, the ent i re dorsal
margin of  the sternocoracoidal  fossa serves for at tachment of  a
l igamentous sheet which covers the fossa. This sheet is some-
what heavier 1atera1ly,  where i t  over l ies the area of  insert ion
of the sternocoracoid muscle.

Arnong the modern genera the above descr ipt ion ho1ds, but
Teratornts does not agree in detai l  ( f ig.  144C).*  The out l ine of
the head is dist inct ive both as v iewed medial ly and from above.
There is a general  resemblance to the l iv ing cathart ids in the
lack of  a wel l -hol lowed fossa below the clavicular facet and in
the quest ionable presence of  a fossa on the anter ior  margin.  The
shaft  is  more elongated and fans out more extensively distal1y.
The intermuscular l ine is on the rnedial  s ide of  the shaft .  The
sternocoracoidal  process is much expanded and has a rounded
margin,  which arches down from the lateral  dorsal  point  to the
lateral  end of  the distal  ar t icular surface. The art icular sur-
face is exposed nedial ly but is dist inct ly r idged as the resul t
of  an anter ior ly project ing margin.  Poster ior ly the fossa is
shal low and non-pneumatic in contrast  to the other members of
th is group.

The clavic le of  the cathart id has a large broad head and a
relat ively short ,  straight shaft  set  at  a r ight  angle to i ts
axis ( f ig.  145).  The head, v iewed from the side, has the out l ine
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F ig.  145. Lateral  v iews of  the furcula of  A.  Cathat ' tes aura,  B.
Cot,agyps atz,atus ,  C. Ggmnoggps caLi foz 'n ianus ,  D. Tev'atov'nis
merr- i -ami.  At  bottom ,  Iateral  (anter ior  aspect to 1ef t )  and
anter ior  ( r ight)  v iews of  the c lavicular symphysis.

of  a bird 's head (duck),  the beak pointed poster ior ly.  The
lateral  face of  the head is largely occupied by a fossa, which
begins abrupt ly along a l ine almost paral le1 wi th the anter ior
maigin and extends poster ior ly almost to the rounded t iP.  The
hig[  rounded anter ior  margin of  th is fossa lacks a dist inct
* * f( tt 2t ?k ?k ?k * * :k rk tr tr rt ?t * * ?t ?t ?t rt ?t ?t * * :t ?t * * t( ?t *

x  Fisher (1945:729) remarked that the coracoid of  Teratorni .s
is "essent ia l ly  cathart id in pattern."
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art icular area for the coracoid,  a l though there is a sma1l area
of contact  here in cathaz.tes and conagyps when examined in the
f lesh (not a dist inct  facet as suggesteb by Fisher,  1946:567).
The poster ior  t ip is swol len lateral1y in the modern genera 6ut
not in Teratornis.  In cathaz,tes and coraggps, the doisal  margin
of th is swel l ing 

-suppl ies a large part  of-  the area of  or ig in 5t
the teres minor ( the del to ideus minor of  Fisher,  1946).

The conf igurat ion of  the bones at  the region of  their
shoulder art iculat ion is dist inct ive in the lack of  a broad con-
tact  between an art icular pad on the clavic le and the head of
the coracoid ( f ig.  146B).

Fig.  L46. Region of  g lenoid fossa of  Cathartes auye..  A.  Medial ,
B.  lateral  v iews.

The cathart id type can be charactertzed as fo l lows: c lavi-
cular facet wi th a dist inct  but  not project ing ventral  margin,
the anteroventral  angle project ing only s l ight ly or not at  a l l ;
presence of  a smal1 fossa under the anter ior  margin of  the c lavi-
cular facet;  sternal  end var iable,  but  medial  angle blunt and
with part  of  the art icular surface exposed as v iewed from in
tt tr zk ?t tr rt ?t ?t rk ?t f( tr :t rt fr tr ?t ?t t( ?t :t fr ?t ?t * tr * tr * fr t( * t(

*  Fisher (1946:567 said about the furcular shafts:  "Another
interest ing var iat ion is in the direct ion assumed by the furcular
process at  the symphysis;  i t  points poster ior ly in the Accipi-
t r idae and anter ior ly in the Cathart idae. .  .  .  In the vul tures the
anter ior  and internal  surfaces are very smooth in contrast  to the
sharp edges and the prominent symphysial  r idge in the. . . Iaccipi-
t r idJ.  Perhaps.. .The smooth surface of  the furcula in vul tures
is adapted to support  the relat ively th in [ food-gorgedl  crop that
might be in jured by sharp r idges; the furcular process extends
forward beneath th is weight to give added support  and protec-
t ion."  Fisher 's direct ional  inpl icat ions concerning the furcular
process ( f ig.  145) are not accurate,  nor is his assumption con-
cerning rough or sharp edges on which to in jure a " th in cropt ' .
The form of the furculum, as a membrane element,  conforms
str ict ly to that  of  the pectoral  musculature and could not be
adapted for support ing an inf lated crop without these muscles
also showing a modif icat ion in their  form for such a funct ion
(see Bciker,  1929).  These comments lead to the conclusion that
the pectoral  muscle mass of  the cathart id wi l l  show a di f ference
in form when contrasted to that  of  the accipi t r id.
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front (has upturned 1ip),  poster ior  ar t icular f lange at  about same
level  as art icular rnargin;  head of  c lavic le of  b i rd-head shape,
lacking dist inct  ar t icular pad for coracoid;  hypocleidiurn a smal1
tapered anteroventral ly di rected point .

The cathart ids di f fer  f rom al l  other birds in the detai ls of
their  pectoral  g i rd le.  The forrn of  the coracoid is not exact ly
rnatched elsewhere al though the sternal  end, as i t  occurs in the
highly nodi f ied Teratornis,  is  approached by that of  Fregata or
Diomedia.  Simi lar t .y the head of  the c lavic le f inds i ts c losest
match in the accipi t r ids but di f fers s igni f icant ly f rom that type
in the lack of  a dist inct  coracoid art iculatory pad. Some ob-
ject ion night be raised to the inclusion of  Teratoz,nis in th is
type, but i t  appears to represent only a speci  aLized extreme.

The Sagi t tar i id Type
The head of  the coracoid is s l ight ly arched, v iewed antero-

1-ateral .1-y,  and transversely f lat tened; v iewed from above i t  is
somewhat rectangular in out l ine ( f ig.  1,47).  The clavicular facet

a
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Fig.  I47.  Left  coracoid of  Sagi t tar ius serpentar ius.  ,A,  Medial  v iew
of ent i re bone, B. top v iew, C. anterolateral  v iew of  sternal  end,
D. posteromedial  v iew of  sternal  end, E. ventroanterolateral  v iew
of sternal  end.

Fig.  148. Lateral  v iew of  the furculum of Sagi t taz, ius sez'pentanius.

is reduced to a bel t  a long the rnedial  margin of  the head. Below
the clavicular facet r im, the head has a ser ies of  i r regular
pneumatic foramina.

B
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The glenoid fossa is rounded and deeply hol1owed, the scapular
art iculat ion is a l ine extending out f rom that fossa along the
upper edge of  the procoracoid.  The shaft  is  not dist inct ive as
compared with that  of  some vul tur ines (accipi t r ids),  a l though the
margin of  the procoracoid is th inner.

Ventral ly the out l ine di f fers 1i t t le f rom the accipi t r id type.
The art iculatory surface is s imi1-ar,  but  as v iewed anteroLateralLy
i t  forms near ly a straight l ine or is even somewhat convex. Pos-
ter ior ly the sternocoracoid impression is shal low and non-
pneunat ic (sternocoracoid muscle inserts over much of  i ts  surface).
The poster ior  l igament scar is on the lateral  margin,  associated
with the dorsal  nargin of  the sternocoracoid inpression.

The head of  the c lavic le ( f ig.  148) is scarcely expanded as
compared with the th in,  b lade-1ike shaft .  Because of  the th inness
of the head, the lateral  fossa is shal low and indist inct .  The
poster ior  point  of  the head is s l ight ly bulbous for the scapular
at tachment.  The coracoid art iculat ion is l ight ly raised; in shape
i t  is  rounded below and pointed above.

The shaft  curves down and then back in a cont inuous arc f rom
the head. At the l ine of  fusion of  the c lavic les,  there is a
massive poster ior ly and ventral- ly di rected hypocleidium. This
process fans out,  especial ly ventralLy,  f i t t ing into the curve of
the keel 'of  the sternum to which i t  is  part ia l ly  or  completely
fused.

The shoulder art iculat ion of  the c1avic1e, coracoid,  and
scapula agrees with that  of  the accipi t r id ( f ig.  149).

LAPPING

Fig.  1-49. Medial  v iew of  shoulder art iculat ion of  Sagi t tar ius
serpentar ius.

The sagi t tar i id type is best character ized by the f lat tened
top of  the head of  the coracoid,  rounded margins of  the c lavicular
fatet  ( lack of  extension as a sheet at  the anteroventral  angle),
sternal  ar t icular margin straight or convex, medial  angle blunt;
sternocoracoid procesi  short  and blunt;  a c lavic le which has a
relat ively smal1 head, wi th a dist inct  coracoid art iculTr pad, a
long and evenly curved shaft ,  and a plate- l ike hypocleidium, ,
wni lh f i ts  into the curve of ,  or  fuses to,  the anter ior  margin of
the keel  of  the sternum.

This type is best matched by that of  the storks in which the

SLIGHT
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t ip of  the sternocoracoid process of  the coracoid is drawn out
vert ical ly,  the procoracoid process is larger,  and the hypocleidium
contacts the ventroanter ior  point  of  the sternal  keel .  The
sagi t tar i id type can be compared only superf ic ia l ly  wi th the acci-
pi t r id or cathart id;  i t  agrees even less wi th the other fa lconi form
types.

The Accipi t r id Type
Viewed nedial ly the head has a wel l -def ined clavicular facet,

( f ig.  150) which rnay be separated into anter ior  and poster ior  parts
by a shal low depression, BS in most buteonins (Buteo, ButeogalLus,
etc.)  and niscel laneous accipi t r ids (nlanus" Aecipi ter ,  ret in ia,
Rostrhamus, Penni ,s,  Gymnogeny s,  Gypohierax,  Mi,Luus, f  cthyophaga,
and Ha'Li ,aeetus).  I t  may be a s ingle,  wel l -def ined facet the
anter ior  part  of  which ends ventral ly along a sharp project ing 1ine,
as in some ki tes (Machaenhamphus, Chondrah'Lerar,  Leptodon) or some
eagles (Aqui la,  Spiza'dtus,  and StephanoaUtus).  Intermediate
types are found among the vul tur ine species and in ELanoTdes.
There is no sharp l ine of  d ist inct ion between these purely arbi-
t rary groups. The anteroventral  angle of  the c lavicular facet
projects out f rom the shaft  in al l .  Viewed from above ( f ig.  1"51),
the head has a more tr iangular out l ine (apex anter ior) .  This
tr iangular i ty is lost  in some of the snal ler  species.

Below the clavicular facet there is a fossa which may or may
not have pneumatic openings in i t .  This fossa nay be a smal l  p i t
or  an extensive one cover ing most of  the medial  surface. This
pi t  may be subdiv ided by r idges. Var iat ion in the c lavicular
facet,  and the fossa below i t ,  is  narked even within a species.

The procoracoid process is a sheet-1ike project ion f rom the
shaft ,  p ierced by the coracoid foramen (canal) .  In ELanus the
foranen is high up, near ly at  the top, whereas in the remainder
of  the group i t  is  lower.  In Aecipi ter  and Ct)reus this process is
reduced in s ize;  the foramen is ei ther absent or indicated by a
notch in the nargin.  Iet in ia has a wel l -developed process and an
oblong foramen in about the same posi t ion as the notch of  Aeeipi ter .

The posi t ion of  the coracoid foramen var ies wi th in a species.
In Aqui la chnysa'etos i t  ranges from an opening wel l  back f rorn the
nargin of  the- procoracoid to a mere notch in the nargin.  In spi te
of  indiv idual  var iat ion,  there is some agreement wi th in genera as
to the posi t ion of  th is opening. The fenestra is character ist i -
cal ly large and ovoid in the accipi t r id.

The coracoid is a short  stout bone, which is ventral ly widened
and f lat tened ( f ig.  L52).  The anter ior  intermuscular l ine extends
down along the lateral  nargin of  the bone to i ts ventral  r im where
i t  ends in a s l ight  project ion

The sternocoracoid process of  ELanus is short ;  i t  is  much
elongated in Leptodon, fet in ia" Aeeipi ter  (gent i l is)  

'  
and AiLuus.

Usual ly th is process has a t runcated t ip ( insert ion of  the
sterno-eoracoideus pars eostal is) ,  which is pointed at  i ts  dorso-
lateral  angle.  The rnedial  l ine of  the shaft  swings out and ends
as a point ,  the internal  angle.  This point  is  most at tenuated in
ELanus.

Viewed end on ( f ig.  tSZ, row b),  the art icular surface is an
upward arched l ine;  v iewed anterolateral ly i t  is  the same. The
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Fig.  150. Medial  v iew of  heads of  lef t  coracoids of  A.  ELanus
Leicunus, B. Maehaer.hamphus aLcinus, C. Elanoides forf icatus,
D. Rostrhamus soci 'abiLi .s ,  E.  Ggmnogeng s tUpieus ,  F.  Aqui la
chrysaUtos, G. Hal iaeetus LeueoeephaLus, H. Tr igonoceps
oeeipi taLLs, I .  Torgos tracheLiotus ,  J.  Tez'athoptus ecaudatus ,
K. Aceipi ter  gent iL is,  L.  chondrohienar une'Lnatu7, M. Haema-
tornis eheela,  N. fcthyopaga ichthyaetus,  O. Buteo iamai-
eensis .
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of lef t  coracoids of  A.
,  C. Neerosyrtes monaehus

Leueurus.

Buteo jamaieensis,
,  D. Chondrohierau

281 (  181 )
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Fig. 151. Dorsal  end
B .  Aqui ,La chry saAto s
uneinatus,  E.  ELanus

\

#S

Fig. t52.  Sternal  end of  lef t  coracoids of  A.  ELanus LeLteurus,
B. Leptodon paLLiatus,  C. Buteo jamaieensis,  D. Torgos
tz,aeheLiotus.  Row a, anterolateral  v iew; row b,  ventroantero-
lateral  v iew; row c,  posteromedial  v iew.

rounded art icular margin ( in X-sect ion) extends across the greater
width of  the coracoid,  f ron the medial  angle to a point  just
lateral  to the end of  the intermuscular l ine ( i t  f i ts  into the
art icular groove of  the sternum). Behind this margin is a groove
formed by a poster ior  f lange, which completes the art icular sur-
face. This f lange is largest medial ly and i t  has a dist inct
poster ior  project ion ( f ig.  L5Z, row b).-  

The sternocoracoid i rnpression is shal low and covers most of
the poster ior  aspect.  The inpression is rnost dist inct  rnedi  a lLy ,
the i rea of  muscle insert ion.  This inpression general ly lacks
pneumatic openings al though Ggpa'etus has a pneumatic area
1 ateral  ly  .

The poster ior  l iganent scar ( formed by the l igament anchor ing

cBA
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the corcoid to the sternum) usual ly l ies lateral1y above the
sternocoracoid i rnpression; i t  occurs in var ious posi t ions ranging
to wel l  up on the shaft  and toward the rnedial  margin.  In some
genera such as ELanus, ret in ia,  and Pandion, th is scar could not
be located, whi le in others there was a wel l -developed i r regular
tubercle.

The head of  the c lavic le ( f ig.  1s3) has a sha1low, of ten

\/'

_E-_

Fig.  153. Lateral  v iews of  furcula of  A.  Elanus Leucuz.us ,  B.
Leptodon paLl iatus,  C. Buteo jamaieensis,  D. Pandion haLiaetus,  E.
Sareogyps ealuus, F.  GypaUtus baz,batus,  G. Terathopius eeaudatus.
Insets show anteroventral  v iews (a1ong l ine of  arrow) of  sym-
physis,  inset c shows a dorsal  v iew of  the head along the l ine of
the arrow.

pneumatic lateral  fossa with a raised poster ior  margin.  This
nargin forms a dist inct  ar t icular area for the coracoid which is
least  developed, but st i11 evident,  in Ggpa'dtus.  The out l ine of
the head cannot be catagortzed, al though i t  terminates more or
less acutely poster ior ly.  Among the ki tes there seems to be a
tendency for short ,  ovoid,  i r regular heads. Pandion is unique
in the form of the head (and in the degree of  var iat ion shown
by this ent i re structure-- f ig.  155D).  The head is much l ike
that found among geese; i t  is  at tenuated and pointed poster ior ly.
The fossa appears to be el iminated, al though a pneumatic foramen
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occurs on this surface. The coracoid art iculat ion is sharply
raised from the shaft  both above and below and is near ly ovoid
in out l ine.

The shaft  extends in a cont inuous arc wi th the head. The
width of  the shaft  var ies,  especial ly in the symphyseal  region.
At the synphysis a poster ior ly and ventral ly project ing hypo-
cleidium is formed in al l  genera wi th the except ion of  Elanus
where the t ips of  the shafts are somewhat separated and jo ined
by a band of  osseus t issue. The form of the hypocleidium appears
to correlate wi th the proximity of  the ends of  the shafts to the
anter ior  margin of  the sternal  keel  or  to the sternal  spine; i t
cannot be employed in the recogni t ion of  subgroups.

The art iculat ion of  the c lavic le,  coracoid and scapula
(f ig.  154),  is  s in i lar  to that  found in ei ther the cathart id or

C

Fig.  154. Medial  v iew of  shoulder art iculat ion of  A.  Elanus
Leueunus, B. Pandion h'al iaetus ,  C. Aqui la chry saetos ,  D .
Terathopius eeaudatus .

Sagi t tay, ius.  The t ip of  the c lavic le usual ly l ies - in-  
contact

wi th,  or  s l ight ly over loPS, the acromial  process of  the scapula.
In Tez,athopius,  GAps, Pseudogyps'  Aegypius'  Tongos, SarcogUPs'
Tyigonoceps, Gypaetus,  and ELanus, there is a dist inct  SfP be--
twe6n these poihts,  br idged only by connect ive t issue. Some of
the k i tes show qui te di f ferent and in sorne cases transi t ional
forms.

Despi te the var iat ion,  the pectoral  g i rd les of  the accipi t r ids
belong to a s ingle type. Subtypes can be def ined only poor ly.
uLanui  is  s ingular in having an at tenuated ventral  medial  ,angle on
the coracoid;  

-a 
strongly t r iangular procoracoid wi th a highly-

placed, smal1,  round ioramen; a near ly vert ical  c lavicular facet
i t r t r ic t r  pro j  ects as a th in sheet ventral ly;  and in lacking a
poster ior  l igament scar.  The furculum lacks a hyPgcleidi ,um.
^ 

The per i ins certainly do not have a character ist ic coracoid
and, s imi iar ly none of  the other k i tes can be associated with any
group, pernin or otherwise. The \ i tes,  considered together,  show
Eertbin ' tendencies such as a dist inct  ventral  project ion of  the
margin of  the c lavicular facet;  wide, evenly rounded, proximal
out l ine as v iewed medial ly;  and strongly project ing sternocoracoid
processes (weak in Pernis '  and GgmnogenAs).  The ki tes might be

B
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character ized by their  var iabi l i ty  and general  d isagreement wi th
the bulk of  the accipi t r ids.  This may be because of  the wide
var iat ion in their  s luggish f l ight  and in their  soar ing abi l i ty .
The aegypi in genera (not the subfarni ly Aegypi inae) have a fa i r ly
dist inct  sty le,  grading, however,  into the bulk of  the accipi-
t r ids,  and from this other indiv idual  sty les can be said to st ick
out f rom the central  mass of  species.

Pandion is separable f rorn the general  p lan on the basis of
the c lavic le;  i ts  d i f ferences are scarcely radical  enough to remove
i t  f ron the accipi t r id type. (The head of  the c lavic le of  the
fossi l ,  PaLaeopLancus stez,nbez,gi ,  suggests that  found in Pandion
usual ly resenbles the pernin genera,  but here i t  rnarks the op-
posi te extreme.

The accipi t r id type can be charactertzed as fo l lows: the
head of  the cbracoid i ;  bent not iceably forward ( in contrast  to
the falconid),  the c lavicular facet is var iable but projects
not iceably f ron the head at  i ts  anteroventral  angle,  below the
clavicular facet is a wide fossa which usual ly is pneumatic,  the
sternal  end has an acute medial  angle,  the sternocoracoid process
ends in a dorsolateral  b lunt- t ipped ang1e, the art icular margin
lacks an anter ior  rnedial  1 ip,  the poster ior  f lange is about on
the 1eve1 as the margin;  the c lavic le has a relat ively large head
with a wel l -developed coracoid art icular pad, a s l ight ly curved to
sharply bent shaft ,  and a smal1 plate-1ike hypocleidium.

This type f inds no rneaningful  conpar ison with other birds.
I t  has a resemblance to the cathart id or sagi t tar i id--but certainly
not to the fa lconid--and to other birds such as the storks and
herons. However,  agreement is not c lose enough with any of  these
to indicate relat ionship.

The Falconid Type
The ventral  margin of  the c lavicular facet l ies at  a steeper

angle than in the previous types ( f ig.  155).  I t  has a th in,
downward-entending marginal  p late.  The procoracoid is at tenuated
i ts t ip extending forward to a point  below the anter ior  margin of
the c lavicular facet.  The coracoidal  canal  is  general ly smal l  and
round, but in Falco i t  is  larger and ovoid.  Indiv idual  var iat ions
include having the canal  set  wel l  back f rom the margin,  as in the
POlybor inae, Mierastur"  Henpetotheres,  and Some species of  FaLeo
to a marginal  notch in other species (specinens) of  FaLeo. Even a
notch is lacking in the specimen of  Mierohiez'an examined.

Ventral ly t f re lateral  out l ine arches out and down to a point
on the art icular margin;  the lat ter  arches up and nedial ly.  The
tendon of  the stennoeoraeoideus pars costal is muscle inserts
along the whole lateral  margin of  th is process. In PoLyborus (and
some specimens of  other genera) th is margin bulges somewhat in i ts
middle-course rnarking, perhaps, the in i t ia l  step in the establ ish-
ment of  the t runcated process found in other groups.

The art icular margin is th in and rounded in X-sect ion,  the
poster ior  ar t icular groove is formed by a poster ior ly Project ing
i lange ly ing wel l  above this nargin;  the lat ter  is  h igher and
smal ler  than that of  the accipi t r id.

There is i lo,  or  only a weak, Poster ior  l igament pTesent in
the f lesh and, therefore,  no l igament scar.  There is a high point
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Fig.  155. Left  coracoids of  A.  Herpetotheres caehinnans, B. EaLeo
mesieanus, C. Microhieraf i  caeruleseens. Row a, medial  v iew of
head and upper part  of  shaft ;  row b,  top v iew of  head; row c,
anterolateral  v iew of  sternal  end; row d,  ventroanterolateral  v iew
of sternal  end; row e,  posteronedial  v iew of  sternal  end.

at  the dorsal  angle of  the sternocoracoid impression in Faleo,
which is the ventral  culminat ion of  the medial ,  procoracoid r idge.
The sternocoracoid fossa ( insert ion impression of  the sternocor-
acoid nuscle) lacks rugosi t ies and pneumatic openings; i t  extends
further up the shaft  medial ly than in the accipi t r id.

In out l ine,  the head of  the c lavic le does not taper to a
poster ior  point  but  ends in a s ingle rounded knob, which is
directed sl ight ly upward, rather than backward as in the accipi t r id
( f ig.  156).  The lateral  fossa is obscure and, in FaLeo only
i r regular ly rnarked with pneumatic openings. There is a wel l -
developed coracoid art iculatory pad. In Herpetotheres or Micrastur
there is a procoracoid process and notch direct ly below the
coracoid art iculat ion;  the process is indicated in FaLeo but
lacking tn PoLyborus.

The shafts curve only s1ight ly,  and there is usual ly a narked
angle between the head and the shaft .  As v iewed anter ior ly the
fuiculum is narrowly U-shaped. At the point  of  symphysis,  there
is an indist inct  hypocleidium, except in FaLeo.

The shoulder region of  the fa lconid is very dist inct ive and
was used by Ridgway (1875) to separate th is group from the
Accipi t r idae ( f ig.  157).  The short  b lunt  furculum abuts against
the scapula;  the procoracoid process projects anter ior ly to
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Fig.
nans ,
faLeo
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L56. Lateral  v iews of  furcula of  A.  Herpetothev'es caehin-
B. Micrastur semitorquatus,  C. PoLyborLls eher iuay, D'
menieanLts.  Inserts are anteroventral  v iews of  syinphysis.

BA

Fig. L57 ,  Shoulder art iculat ions of  A.  Herpetotheres eaehinnans,

B."polyborus cher iuay,  C. FaLco mesieanus '

contact  the head of  the furculum at the s l ight  procoracoid notch

""a-pio"urr  
( i t  at taches mainly through-connect ive t issue with

the anterovenirat  margin of  the c lavicular facet)  '  No subtypes

can be def ined.
The falconid type can be character ized as fo l lows: the head

of the coracoid is i rot  bet t t  forward; the c lavicular facet is

i i " "pfy incl ined; the procoracoid almost encloses the tr iosseal

."rr" i  r '  i ts  
"ni" t iot  

enb ly ing below the anter ior  t ip of  the

i iu" i l " fat  fa iet ;  the sternal  end does not f lare out as strongly

as in the oth; ;  
-gto, tpt ;  

the rnedial  angle is acute or blunt;  the

tateraf  margin i ;  rounded rather than forming.a dist inct

sternocoracoiJ ; ; " ; ; ; t i  the art icular margin- is-  th in,  lacking

an anter ior  f ip j  the poster ior  f lange is f i igtr-above. th is margin;

the head of  th; 'c lavi t le is nobby ana directed sl ight ly upward

i i t t rer  than poster ior ly;  the shai t  is  s l ight ly curved; the

frypocf 
" id iurn^ 

is smal1 br absent;  v iewed anter ior ly,  the furculum
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is U-shaped rather than V-shaped (as in the other three types).

Sunmary and Conclusions
On the basis of  the shoulder region, the same four groups of

the fa lconi forms can be def ined. Of these the falconid is the
best marked, being a radical  departure in almost every way from
the others.

The cathart id has a fa i r ly  d ist inct ive coracoid and furcu-
lum. The shoulder art iculat ion might be considered unique on the
basis of  the lack of  a broad contact  between the coracoid and
clavic le.  The lack of  a def ined art icular pad on the lat ter  can
be considered a special izat ion.

Separat ion of  Sagi t taz, ius f rom the accipi t r id assumes the
signi f icance of  var ious features of  the head and sternal  ends
of the coracoid as wel l  as such points as the s l ight  developnent
of  the head of  the c lavic le and the great ly developed hypo-
cleidiun, which rnay fuse to the sternum. The girdle of  the
secretary is best natched by that of  Car iama or a stork ( , tabiru),
part icular ly the lat ter .  The rnatch may not be exact enough to
support  re lat ionship;  i t  could be explained as convergence.

The var iat ions of  the accipi t r id girdle appear to range
around a central  type. The arbi t rary select ion of  the buteonin
or accipi t r in sty le as representat ive is based on the assumption
that these genera are least  speciaLized. The "archetype'r  must
remain somewhat anonymous since as yet  we do not know what is
special ized and what is advanced.

The accipi t r id type, in terms of  indiv idual  detai ls,  can
be matched in other "pr imit ive" birds.  As a whole i t  comes
closest to the sagi t tar i id.  I t  is  not  strongly di f ferent iated
from the cathart id,  but  there is no over lap in terns of  the
clavicular and coracoid heads so that one can conclude that there
is a "real"  d i f ference. Within th is type there are no dist inct ive
subgroups, al though certainly there are some aberrant genera.

Howard (L932:62) assumed that the coracoid of  the Aegypi inae
can be character ized (except ions perhaps of  Neophroi ' t  and Neophron-
tops,)  by the ventral  project ion of  the anter ior  part  of  the
clavicular facet,  as wel l  as the forward project ion of  th is sur-
face. This feature is best presented by GypaDtus but Necv'osyrtes
hardly di f fers f ron AguiLa whereas Neophron is l ike Buteo ( f igs.
150H, I ;  1-58).  Neophnonotops distal ly is also buteonin whi le
Neophron resembles Neerosyrtes.  These three genera which other-
wise seem to be so al ike show remarkable disagreement as to
detai l  .

Howard al-so used the broad synphyseal  region of  the furculum
and i ts sharp posterodorsal  angle as dist inct ive of  the Aegypi inae.
These cr i ter ia,  used to indicate the relat ionship to NeogAps.to
this subfarni ly,  are ' fa i r ly  constant among the vul tur ine species
but are not conf ined to th is group. Comparison of  the furculurn
of Neogyps with that  of  the aegypi in f inds no more agreement than
with A,qui . t ,a or wi th such a wide, straight furculum as that of
Moyphnus uooduardi .  Terathopi ,us fo l lows the g-eneral  pat tern of
the aegypi in (al though i t  is  not  included in the Aegypi inae) even
to the straight shaft .  These shafts are narrow in the symphyseal
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Fig. 1-58. Medial  v iews of  heads of  lef t  coracoids of  A.
Neophrontops amerieanus ,  B.  Gypadtus barbatus .

region as in Aqui la.  There is doubt that  any s igni f icance can be
placed on straight opposed to strongly curved or angled shafts,
or wide contrasted to narrow symphyseal  regions; these crop up
qui te at ' random throughout the Accipi t r idae.

The type of  pectoral  g i rd le Howard (L932) descr ibed appl ies
best to the aegypi in genera.  I t  does not apply to al l  of  the
members of  the present subfami ly and part icular ly to some of the
fossi l  genera which have been placed in th is subfami ly.

The falconid type is not too dissirni lar  to that  of  the
cuckoo, parrot ,  or  owl.  I t  is  of  interest  to note the remarkable
l ikeness between the coracoids of  Str i r  stygtus,  a South American
owl,  and Herpetotheres,  especial1-y in detai ls of  the sternal
end. The falconid coracoid shows interest ing s imi lar i t ies to
that of  PLegadis,  Larus,  or  Bubo ( to select  genera f rom var ious
orders);  i t  f inds only poor comparisons with any of  the other
falconi forms.

The features of  th is girdle do not appear important at  f i rst
glance but rnight assume signi f icance with fur ther analysis of
th is region (Fi i rbr inger,  1888, must have started with just  such
an hypothesis) .  Within each of  the groups of  the fa lconi forms
there is a basic agreement in the pectoral  g i rd le structure in
spi te of  the wide range of  special tzat ion in body s:_ze and sty les
of f l ight ,  th is is t rue part icular ly of  the Accipi t r idae. In a
survey of  a l l  k inds of  b i rds i t  can be said that  the pectoral
girdle is relat ively constant wi th in an order and in some cases
several  orders can be uni ted on the basis of  i t .  I f  anything
this girdle is conservat ive.  Even in such a highly spec:_al . l -zed
form as Stv, ingops (see Bdker,  1929) th is region retains i ts
phylogenet ic ident i ty.

The fact  that  the var ious elements of  the girdle can be
matched in di f ferent orders (Teratornis wi th Fregata or Diomedea,
Henpetotheres wi th Str in) ,  suggests that  both special izat ion and
conservat ism are involved. In the f i rst  instance, convergence
seems l ike the only logical  explanat ion,  but one can also assume
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a  comparable common start ing point  and paral le1 development wi th
s_peci" l izat ion of  f l ight  and feeding. The comparison of  the
falconid and owl could easi ly be explained as retent ion of  a
pr in i t ive sty le;  the degree of  re lat ionship thus indicated could
be close or qui te distant.

These views refute certain conclusions of  Fi i rbr inger (1888)
or Fisher (1946).  The later assumed that soar ing was A special :
ized sty le of  f l ight  involv ing marked structural  changes.-  This
is a common sty le among the falconi forms and occurs in probably
every,group of  b i rds,  b i rds having very di f ferent sty les of
s_houlder apparatus.  There is no necessi ty for  two species which
f1y "exact ly al ike" to have comparable shoulder bones 1or muscula-
ture,  v iz.  Iorgos and Cathartes) .  The raven and the crow are
structuralLy almost ident ical  and yet one is given to soar ing
whereas the other indulges in soar ing only on special  occasions.

I f  locomotor special i  zat ion does account for  var iat ions in
this girdle,  the explanat ion does not involve such things as
f lapping or soar ing but rather part icular movements for  landing
or taking of f ;  for  control  and stabi l i ty  in f l ight ;  or  for  the
plane at  which the wings are held whi le soar ing and the arc
through which the wings are moved when f lapping.

The di f ferent types of  pectoral  g i rd les in birds represent
a very ear ly radiat ion of  sty les of  f l ight  upon which have been
super inposed ref inements accompanying radiat ion wi th in the pre-
sent fami l ies or orders.  The fact  that  s igni f icant di f ferences
in sty les of  locomotion do not exist  between the several  types
of fa lconi forms strongly suggests that  we are,  in fact ,  deal ing
with di f ferent her i tages. I t  is  inconceivable that  two groups
such as the accipi t r id and falconid,  which are presumed to be so
much al ike,  should di f fer  so narkedly in th is region (which
should be relat ively conservat ive).

OSTEOLOGY- -THE STERNUM

Defini t ion and Orientat ion
The sternum funct ions in anchor ing the pectoral  muscles

employed in f l ight .  Model ing of  th is bone and the developrnent of
i ts keel  seem to be responses to the requirement of  suf f ic ient
area for the or ig ins of  these large muscles.  A sternum somewhat
sini lar  to that  of  the bird was developed by the Pterosaur ia.

This element develops from a cart i laginous precursor,  which
seems to ar ise by the fusion of  b i lateral  contr ibut ions f rom the
t ips of  the thoracic r ib anlagen. I t  ossi f ies f rom two, three,
or f ive centers in di f ferent k inds of  b i rds (seven centers are
reported for Tunnir) .  In the red-tai led hawk there is a pair  of
lateral  centers,  equivalent to fused pleurosteon and metosteon
centers of  the chicken, which appear when the nest l ing is near ly
ful1 grown (hal f  feathered),  and a di f fuse center ( the lophosteon)
which appears short ly af terward. The secondary nature of  th is
bone is indicated by the late appearance of  i ts  centers of  ossi f i -
cat  ion.

The sternum was seiz.ed upon earLy as a structure which might
be useful  for  the c lassi f icat ion of  b i rds.  As pointed out by
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Fi. i rbr inger (1888:1027) ,  i t  was viewed as of  pr imary or of  no
inportance; the lat ter  v iew appears to prevai l  at  the present
t ime al though some st i11 use the designat ions,  rat i te and car inate.
As regards the falconi forms, Shufeldt  (1878:728) said I ' I t  seems
to me that th is. . .bone would be part icular ly unrel iable to adopt
for any such purpose ( taxonomy),  for  we wi l l  soon see in the
Cathart idae that i ts shape appears to vary wi th the age of  the
indiv idual ,  and a descr ipt ion of  the bone in one bird,  apparent ly
an adul t ,  would not answer for  another of  the same species,  and
perhaps of  the same, or near ly the same, dg€."

The ut i l i ty  of  the sternum cannot be based on the fai lures
of the past;  we should assume some value, perhaps as yet  undis-
covered. Examinat ion of  the sterni  of  the fa lconi forms supports
this v iew.

Comparat

The
proj  ects
out 1 ine

ive Anatorny
The Carthart id (Cathartoid) Type

manubrial  spine of  th is fani ly is blunt and heavy; i t
forward for a short  d istance and has a rounded lateral

( f ig.  159).  No dorsal  spine (see f igs.  166, 167) is

BA

Fig.  159. Dorsal  v iews of  the anter ior  part  of
Calhartes aura,  two extremes shown (a and b);  B
caLi fonnianus, C. Teratornis mev'r t )ami.

present al though in some there are quest ionable
processes formed by the l igaments anchor ing the
coracoid is braced, or i ts v isceral  aspect,  to

the sterna of  A.
.  Gymnogyps

lateral  -dors a1
coracoids.  The

the dorsal  margin

.,.rr,{ii:',1ill{-a::,'+ :.. .r,iiii:Ylilit .
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of  the sternum by a broad l igamentous sheet;  th is is cont inuous
with that  over ly ing the enpty sternocoracoid impression of  the
coracoid which in turn is cont inuous with the aponeurosis cover ing
the sternocoracoid muscle.  The l ine of  sternal  at tachment of  th is
sheet may be drawn up as a th in l ip,  which terminates rnedial ly in
a prominence. This prominence, in Cathantes ,  is  the area of
or ig in of  the sternoty,aeheal is muscle.

The coracoid sulcus is shal low and div ided into a wel l -
def ined medial  and a sma11er,  lateral  ar t icular impression. The
sulc i  of  e i ther s ide do not lap on the dorsal  surface of  the
nanubr ia l  spine, aLthough they approach this condi t ion in some
specimens of  Cathartes ( f ig.  159b).  The medial  rnargins of  the
sulc i  serve in anchor ing the tendinous or ig in of  the supraeor-
aeoi-deus muscles.  There is rro,  or  only an indist inct ,  lTt icular
pad behind the sulcus (Cathartes 

"  
Conagyps, and Teratonnis)  .

Midway above the sulcus there is a hol lowed pi t ,  overhung by a
dorsal  l ip ( f ig.  160).

Except in Teratornis the sternocoracoid impression extends
back to the f i rst  or  second r ib art iculat ion and is largely
occupied by deep pneumatic openings. In Teratoy,nis i t  is  s imi iar
in form, but al terat ion of  the costal  margin has changed relat ion-
ships wi th the r ibs.  In th is type the posteromedial  angle bears
a di f fuse scar forned by the l igament,  which anchors the coracoid
1atera11y.

The lateral  and dorsal  margins of  the sternocoracoid process
are dist inct ive,  except in Teratornis,  in that  they are broadly
paral le l  to the axis of  the sternum. In Gymnogyps the anter ior
angle of  th is process is drawn out suggest ing a narrow-bel l ied
sternoeoraeoideus nuscle or at tachment of  a powerful  l igament.

The costal  rnargin of  the sternum has f ive or s ix r ib art icu-
lat ions separated by fa i r ly deep, pneumatic cavi t ies.  The
lateral  p lates of  the sternum are only s l ight ly arched (cupped)
around the visceral  cavi ty.*

The keel  is  wel l  developed and pecul iar  in that  i t  is  of
near ly uni form depth for  at  least  one hal f  the length of  the
sternum, except in Te?atoz,nis ( f ig.  160).  I t  terminates at  the
extreme poster ior  margin of  the sternum. The edge of  the keel
is th ickened and i r regular wi th the except ion of  Cathartes and
Teratornis.  According to Fisher (1946:562),  " the ventral  border
is especial ly wide.. .correlated with the habi t  of  p lacing the
car ina on the perch when rest ing,  there are great extensions in
width in the second and third quarters of  the ventral  border of
the car ina in al l  cathart ids except Cathartes.  .  .  "
?t ts rt 2t tr t( fc ?t 2t * tc t( * ?t )t tt ?k tt ?t t( tt ?t t( tt ?k rt rl ?k ?k ?t tt t( fr

*  Fisher (L946:561) measured the relat ive depth of  the v isceral
cup of  the sternum and remarked that,  "These rat ios show the depth
to be greatest  in the accipi t r ines and least  in Cathav' tes and
Coragyps; the other genera form an intermediate f roup. However,
the depth in Aqui la and Buteo is s l ight ly Inore than in the vul-
tures.  From these facts i t  appears that  greater depth of  the
trough is correlated with greater use of  the f lapping mode of
f1 ight."  He concluded this subject  by observing, " I  am unable to
discover arry reason for the lesser depth in Cathartes and Coragyps
which f lap more than the other vul tures."
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Fig.160. Lateral
anus, B. Cathartes
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views of  the sterna
aura,  C. Teratorni .s

TERNOCORACOID
IMPRESSION

CORACOID SULCUS

of A. GymnogAps eaLl forni--
merr iami.
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single (Tenatornis)  or  doub
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of the sternal  p lates
1e incis ion ( f ig.  161)
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has a deep,
The outer
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Fig.  161. Ventral  v iew of  poster ior  part  of  sterna of  A.
Cathartes aura,  B.  Ggmnogyps eal i fornianLls,  C. Tez,atoz.nis
merniami.

surface of  the plates and keel  show plainly the out l ine of  the
suppaeoraeoideus muscle.  In th is group the muscle is wel l
developed and extends near ly to the poster ior  margin of  the
sternum and to the ventral  margin of  the keel ,  except in Tera-
toynis where i t  is  l in i ted to the anter ior  hal f .  In no other
group of  the fa lconi forms is the area of  or ig in of  th is muscle
on the sternum proport ional ly so large as in the l iv ing members
of th is group.

The fossi l  genus Tev,atonnis disagrees in many ways with the
l iv ing species.  I t  does not show a dist inct  pneumatic pi t  in
the sternocoracoid inpression, and the sternocoracoid process is
drawn out dorsaLLy and lateral ly into a point .  The structure of
th is area (and the coracoid) indicates that the sternocoracoid
muscle is ei ther vest ig ia l  or  lacking (as tn Fz,egata).  There
are good art icular pads for the coracoid above the sulcus.  The
keel  is  deepest anter ior ly and tapers rapidly poster ior ly.  The
poster ior  t ransverse margin has a s ingle embayment on ei ther s ide
rather than two. Fisher (1945:727) pointed out that ,  "The
anter ior  and lateral  margins of  th is bone are decidedly concave in
Teratornis;  in the Cal i fornia Condor the lateral  edges are
straight,  and the anter ior  nargin is sharply convex."  I t  could
be added that the r ib art iculat ions are along a nearLy vert ical
l ine rather than the hor izontal  character ist ic of  the l iv ing
genera.

The features of  the sternum of th is group, based only on the
l iv ing genera,  can be summarized as fo l lows: s impLe manubri .aL
spine ui th unlapped eoraeoid suLci ,  poor ly developed coracoid pads,
no dorsal  proeess along the antet ' ior  margin (may have a th in
elevated l ine terminat ing rnedial .1-y at  the scar for  the
sternotrachial is muscle),  eoracoid sulc i  ueLL impressed onLy
mediaLLy and LateraLly,  shal lou fossa betueen the middle of  the
suLcus and the doz,sal  margin,  pneumatic pi t  in the relat ively
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snal1 sternocoracoid impression, scar for  anchor ing Ligament
of  outer point  of  eoraeoid ueak or Lacking, shal low keel  extend-
ing length of  bone, large supracoracoideus scar (wi th th in
pectoral is muscle),  and two pairs of  incis ions in the poster ior
margin.

I f  Tez'atornis is included in the group, only the i ta l ic ized
port ions of  the above character izatLon app1y. Al though Fisher
(1945:727) concluded that the sternum of th is fossi l  is  not  of  a
"cathart id type,"  I  cannot agree and suggest use of  the i ta l ic ized
vers 10n.

The cathart id type has a strong resemblance to the sternum
of sagi t tar ius;  i t  can only superf ic ia l ly  be compared with such
divergent groups as the cranes and procel lar i i forms. I t  is  not
matched wel l  enough with the lat ter  to indicate relat ionship.

The Sagi t tar i id Type
The manubrial  spine of  sagi t tanius is blunt;  i t  has a s l ight

rnedial  groove and a t r iangular cross sect ion,  wi th the apex down
(f ig.  162).  The coracoid sulcus is deepest medial ly and lateralLy;

C

Fig.  L62. The
B.1ateral ,  C.

latera1-1-y there
are relat ively

sternum of Sagi t tar ius
anter ior  v iews.

is a dist inct  ventral
f lat tened coracoid pads

serpentar ius.  A.  Dorsal ,

1 ip.  Dorsomedial ly there
.  The two sulc i  are wel l
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separated on the manubrial  spine. The dorsal  anter ior  margin
curves out smoothly and lacks processes. Lateralry,  the margin
ends at  the t ip of  the sternocoracoid process,

The costal  margins have f ive r ib art iculat ions separated
by pneunat ic cavi t ies.  The sternal  p lates are wel l  hol lowed for
the viscera.  The keel  does not jo in the sternal  p lates at  a
sharp angle but gradual ly tapers into thern in a smooth arc.  The
keel  is  re lat ively deep; i ts ventral  nargin arches upward poster ior-
Ly and ends on the apex of  the poster ior  margin.  The anter ior  l ine
of the keel  is  deeply incurved, paral le l ing the inargin of  the
hypocleidial  process of  the c lavic les to which i t  is  c losely bound
(or fused).  The transverse poster ior  margin is pecul iar  in i ts
thickened, t r iangular form; 1ateral ly s l ight  project ions occur.

Muscle and l igarnent scars are weak; that  of  the supraeor-
acoideus is restr icted to the anter ior  hal f  and has an indented
posterolateral  margin.  The ventral  (nedial)  margin of  th is muscle
l ies c lose to the edge of  the keel .

The sternocoracoid impression has a pneunat ic fossa resembl ing
that found in the cathart id.  The ventral  margin has a weak, di f -
fuse scar formed by the at tachment of  the l igament f rorn the
lateral  angle of  the coracoid;  in th is i t  resembles the cathart id.

The sagi t tar i id type can be summarized as fo l lows: nanubr ia l
spine short  and blunt,  coracoid sulc i  wel l  separated, dist inct
coracoid pads present,  t ips of  sternocoracoid processes pointed,
sternocoracoid inpression has cathart id pneunat ic fossa, lack of  a
dist inct  narginal  tubercle for  l igament bracing coracoid,  keel
deep anter ior ly and extending to the poster ior  th ickened and
tr iangular margin.

The Accipi t r id Type
The manubrial  spine of  the accipi t r ids ranges from broad and

blunt in GypaUtus to th in and project ing in Aeeipi ter  ( f ig.  163).
The t ip of  th is spine is t r iangular in sect ion,  wi th the apex
down, and there is a s l ight  median groove dors aLIy.  Correlat ing
in general  wi th the type of  spine is the over lapping of  the nedial
ends of  the coracoid su1ci .  In Gypaetus the medial  edses of  the
sulc i  are widely separated, and the spine is short  and-broad; in
most accipi t r ids the sulc i  over lap,  the medial  process of  the
r ight  coracoid extends across in f ront  of  the lef t  and the manu-
br ia l  spine is proport ional ly narrower.*  The narrowest spine,
found in Aeeipi ter ,  appears to be a resul t  of  need for a point  of
at tachment of  the furculum in addi t ion to the lapping of  the
coracoids.  The degree of  lapping corresponds nicely wi th the
length of  the medial  process of  the coracoid.  Lapping reaches
i ts extreme in Elanus, where approximately one sixth of  the
coracoid widths are involved. The tendinous or ig in of  the supra-
coracoideus muscle ar ises f rom the sulcal  margins on the manubrial
spine as in the cathart ids.

The coracoid sulc i  of  th is group are deep and show only a
tr rt ?t rt rt * rt tt t( * 2k fr tk 2t * ?t ?t zt rs ?t tt tr tt t( * * * ?t ?t 2t rl ?t t(

*  The lapping of  the coracoids of  Pandion has been noted to be
unique, but I  f ind no disagreement wi th the typical  accipi t r id;
occasional ly there may be a reversal  of  the lapping.
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Fig.  163. Dorsal  ( lef t )  and lateral  v iews (r ight)  of  the anter ior
part  of  the sterna of  A.  Elanus Leueurus ,  B.  Leptodon paLLiatus ,
C. Aecipi ter  gent iL i ,s,  D. Pandion haLiaetus,  E^ Buteo iamai 'eensis,
F.  Terathopius ecaudatus ,  G. GypaUtus barbatus.
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H .  Ne et ,o sy r tes monachus .

297 (797 )

Leucurus,  B
D. Accipi ter
eeaudatus,  G



298(198) JOLLIE

sl ight  midway shal lowing due to the forward-curving nature of  the
art icular margin of  the coracoid ( f ig.  164).  DorsaILy there are
wel l -developed, rounded coracoid pads. The anter ior  dorsal
margin of  the sternum may have wel l -developed lateral  processes
(at tachment of  l igament bracing coracoid) or these may be lacking
(Tab1e 11).
* * ?t ?t * * :t ?t ?t )t * ?t rk ?t ?k * *

Table 1l- .  The relat ive development
on the anter ior  t ransverse margin

wel l  developed dist inct vest ig ia l abs ent

?k * * ?t * ?k * * t( ?t ?t * * ?t ?t ?t

o f  the lateral  dorsal  process
of the sternum.

t
I

Pernis t

Chondrohierax

Rostrhamus
Gymnogenys

Te r  athop ius
Ne cro syr te s

Pandion
El anus
Machae -
rhanphus

Lep todon
E1 ano ide s

Ha1 iaee tus
1 eucocephalus

Ict in ia

Hal i  aee tus
Ha1 i  aee tus

leucogas ter
voci feroides

Aegypius
Tr igonocep s

;
Sp i  zaei  tus

Pi thecophaga
Buteo janaicensis

Astur ina

?t?k?tX?t

Gypohierax
Gypaij tus
Neophron

Haematorni  s

Gyps

Accipi ter
t
I

i
I

: t * r r*?tr t?t?t*

Ps eudogyps
Aqui 1a

Harpia
Buteo nagnirostr is
Bus are 1 lus

s t r iatus i  Circus
Accipi ter  cooper i i

Accipi ter  gent i l is
fr * * rt tk ?k * f( ?t f( f{ * ?t ?k * * ?t ?t

lhe sternocoracoid fossa is usual ly wel l  developed; general-

Iy i t  extends poster ior ly to the th i rd r ib art iculat ion.  The
fossa is smal lest  tn Pandion where the costal  margin paral le ls
the medial  margin of  th is fossa. A pneumatic pl t  occurs in the
irnpression of  Nn"t 'osyrtes,  Pseudogyps'  and Gg,paUtus,

-  
The ventral  margin of  the sternocoracoid fossa appears,as a

poster ior  cont inuat i6n of  the ventral  margin of  th-"  coracoid
iulcus.  The posi t ion of  th is margin relat ive to that  of  the
supy,acoracoid.Zus muscle scar var ies f rom wel l  s,eparated to ly ing
in contact .  The margin of  the sternocoracoid fossa has at  i ts
anter ior  medial  ang16 a strong point  of  at tachment for  the l iga-

ment f rom the outer t ip of  the coracoid.
The sternocoracoid process may have a srna11, anteromedial

project ion ({ lg.  1658, Lbptodon),  formed by a part .of  the
sternocoracold muscire at i i ing here.  In the aegypi ins ( f ig '  169)

this process is largest,  whereas in nost genera i t  is  weak to
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indist inguishable.  The costal  nargin of  the sternum has four to
Seven, usual ly Seven, r ib art iculat ions Separated by pneurnat ic
fossae.

The sternal  p lates are usual ly wel l  hol lowed for the
viscera,  and the keel  descends as a th in plate at  their  point  of
junct ion.  The shape of  the keel  d i f fers widely l rygng the var ious
genera; i t  projects forward in ,4ccipi ter '  (cooper i i )  r -Machae-
ihamphus, o;  i ;  Chondrohiey'ar or sweeps strongly backward as in
Gyps or Pseudogyps ( f ig.  164).  Usual ly the deepest port ion of
t l rb keel  is  fo iwbrd,  just  behind the anter ior  p i l1ar,  but  ELanus
and Chond.y,oh.Lez,ar are deepest at  the anter ior  margin.  The keel
tapers to the sternal  p lates before or at  the poster ior  margin
of-  the sternum. The depth of  the keel  is  proport ional ly least
in some of the large aegypi ins (Gaps, Pseudogyps) and greatest
tn Pand'Lon or ELanus .

The poster ior  margin of  the sternum is usual ly squarel  1t
may have i  pair  of  incis ions or fenestrae. (These_-are la id down
in the cart i laginous anlage of  the sternum.) Pand'Lon shows

evidence of  two pairs of  incis ions ( f ig.  165).  The fenestrae

Fig.  i .6S. Ventral  v iews of  poster ior  part  of  sterna of  A.  Pandion

haTi,aetus ,  B.  Buteo iamaicensis ,  C. Leptodon paLLlatus ,  D.

Te?athopius ecaudatui ,  E.  GAps copt 'otheres,  F.  Ggpaetus barbatus '

are largest in the aegypi in genera 
-and 

in some of the k i tes;  they

" i"  
tacf ing in some ki tes and in adul ts of  some other gelgr-a '

i t "  nest l i ig of  Buteo has two large sternal  fenestrae, which are

i toted by ois i f icat ion in fu11y grown indiv iduals.
There has been some speculai ion on whether the s ize of  a

fenestra var ies wi th age. After fu l1 growth is achieved var i -

" i i " " : " r  
sf ighi .  In a ser ies of  skeletons of  the golden eagle-

of  known ages i t  was found that juveni les had the iame range of

var iat ion l f rorn no fenestrae to iarge ones on ei ther s ide) as

did the adul ts.
The sternal  p lates and kee1, v iewed frorn the s ide and below,

show a fai r ly dist inct  supl 'aeoraeoideus scar.  Usual ly th is scar

i ; - ; impfe 
"nh 

rot"  or  less restr icted to the anter ior  three

f i f ths of  the sternum. Certain of  the Aegypi inae (excluding

Neopht,on, Gypohi ,era*,  and Tey,athopius) show a lobed scaT. This

oJ[c
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scar is misleading in that  the muscle i tsel f  is  not  lobed (as i t
is  in Sagi t tar ius);  the l ine is a composi te.  The area of  th is
muscle scar is proport ional ly least  in the larger aegypi ins and
greatest  in the k i tes ,  in Pandion, and acci ,p i ter , .

The sternum of Pandion marks the extreme in several  features
the form of the keel  in terms of  depth and shape, the sty le of
sternocoracoid fossa, the incis ions of  the poster ior  margin,  and
the lack of  dorsal  processes on the anter ior  margin,  which are
usual ly developed in the k i tes.  A11 these extremes suggest
convergence toward the accipi t r id rather than relat ion wi th that
group. The sternum of Elanus is also qui te dist inct ive.  Except
for these aberrant genera,  however,  subtypes cannot be def ined.

The special  features of  the accipi t r id type can be summa-
r ized as fo l lows: s imple to modif ied manubrial  spine; coracoid
sulc i  separate to lapped; sulc i  fa i r ly  deep and rounded at  the
bottom; coracoid pads wel l  developed; dist inct  tubercled scar at
angle of  sternocoracoid impression for l iganent anchor ing t ip
of  coracoid;  sternocoracoid process rectangular in form, i ts
t ip a rounded point ;  usual ly only a s ingle pair  of  incis ions
or fenestrae in poster ior  margin.

The Falconid Type
The falconid manubrial  spine is th in and elongated except

in Hez,petotheres where i t  i  s  b lunt and tr iangular (accipi t r id-
1ike,  f ig.  166).  The coracoid sulc i  are usual ly wel l  lapped,

Fig.  166. Dorsal  v iews of  anter ior  part  of  sterna of  A.  Herpeto-
thez,es eaehinnans, B. Micrastur semitorquatus,  C. Falco mericanL:s,
D. MiLtsago chimaehima, E. Spiz iapteryr eircumcinctus,  F.
Microhierar caeruleseens, G. PoLyborus eheyLuay. Anteroventral
v iews are shown in b.

more so than in the accipi t r id.  In Spiz iapteryr and Pol ih iev 'ax
the sulc i  rnay touch, whereas in Micohierar they are s l ight ly
separated on the manubrium; Herpetothez'es has approxirnately 9n9
si i th of  the width of  the coracoid involved, whi le one fourth is
typt  ca1- of  other fa lconids.
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