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RELATIONSHIPS OF T H E  CATHARTID VULTURES 

THE PMYLOGENETIC affinities of the New MTorld vultures, Family Cathar- 
tidael, have been questioned for many years. Upon examination of 
many anatomical and other characters of this ancl other groups, I have 
conclucled that the Cathartidae are not at all closely related to the 
remainder of the Falconiformes, that they share a great many features 
with the storks, Ciconiidae, ancl that the storks ancl herons are dis- 
similar. None of these conclusions is original (Garrod, 1873; Friedmann, 
1950:s; Jollie, 1953; Cottam, 195'7:54). 

The  purpose of this paper is to summarize the evidence bearing on 
the interrelationships of the storks and New World vultures, and to 
emphasize the cliEere~lces between the Cathartidae and Accipitridae 
as well as between the Ardeidae and Ciconiidae. Other families of the 
orders Ciconiiformes and Falconiformes, as they are presently consti- 
tuted, are not consiclered here. 

REVIEW OF CATHARTID CLASSIFICATION 

Gadow (1893) stated that Illiger in 1811 was the first to separate the 
New World vultures from other diurnal birds of prey, giving them 
familial rank equal in his system to that of all other diurnal birds of 
prey combined, ancl that Vieillot in  1816 and Nitzsch in 1840 also 
recognized the differences between the Kew World vultures ancl other 
groups. Garrod (1873) separated the Cathartidae entirely from the 
Accipitres ancl placecl them next to the storks. His order Ciconiiformes 
was arranged in the following sequence: Pelargi, Cathartae, Herodiones, 

1Brodkorb (1963, 1964) has sho~vn that the proper familial name of the New 
Mrorld vultures is Vulturidae rather than Cathartidae, and that the ordinal names 
Ciconiiformes and Falconiformes were preceded by Ardeifornles and  Accipitriforn~es, 
respectively. However, in order to avoid confusion, I will retain the current 
nonle i~c la t~~re .  



2 , I .  L)crvirl I.igou Ocr. Papel-s 

Steganopodes, ant1 Accipitres. Gadow (1893), in tliscussing the relation- 
ships of the birds ol prey, stated that it is ol great tilxonoinic significance 
th;~t the tliurnal birds ol prey cannot be well defined. He conclr~tled 
L ~ ; I L  the nearest relatives of the I~alconilorrnes are to be sought in the 
Ciconiiforines. In disc~rssing the conclrrsions ol the leading taxonomists 
oC the (lay, he stated further that Garrod emphasized the great diKer- 
ences between the Catha]-ticlae antl Accipitres, but went much too far, 
p1;~cing the Catharticlae between his Pelargi i111d Herocliones antl 
se~ar;iting them entirely lroln the Accipit1.e~ and t11;lt Forbes followed 
him in this, but spoke lor relationships ol the <:athai-tae ~~vitll the 
Tilbinares; also, Fiirbringer missed in the ot11e1- cxtreme, in which he 
gave the Cathai-tidae only lainily rank. Gadow concl~~tled that there is 
irgreeinent that the ITalconilormes are relatetl to storks ;1nd cormorants 
ant1 are linked through the Cathartae. Chantller (1916) lelt that the 
structure oS the leathers showed a relationship between the Catllartae 
anti Plotrrs [= A77/xir/ga], and suggescecl  he possibility ol regarding 
tile Cathartae as direct descend;~nts ol the Steganopodes [= Pelecani- 
formes and Ciconiiformes], from a group not lar removecl fro111 An- 
Ililrga. Compton (1938) atteinptecl to demonstrate a relationship be- 
tween Pa~zclion and the cathartitls. ITroin his myological studies of the 
"heterogeneous order Falconiformes," Hudson (19/18), in speaking of 
the catllartids ant1 typical Falcones [= Accipitritlae, Pandioniclae, ancl 
F;rlconiclae] conclrlcled: "It hardly seems likely that such wide difTer- 
ences developetl froin the same line of' descent. I t  is quite possible that 
the American vultures have no more natural afiility with the hawks 
antl S;llcons than the 0~71s which were ousted by systematists from the 
order Falconilorines many years ago." Frieclmani~ (1950), while 
recognizing that the American vultures are quite distinct lrom the 
ITalcones, stated that their relationships are somewhat complex. R e  
conclutletl that they are not distantly relatetl to the Ciconiiformes, 
Pelec;iniformes, antl Procellariiformes. Jollie (1953) stated that the 
cathartids differ strongly in every way froin the other Falconiformes: 
"Their ;11Gnities are with a pelecanilorm-procellariiform group which 
I mloultl itlentily as an order, with each of these as a suborcler." This 
conclusion is based on anatomical studies not describecl. Verheyen 
(19590, 1959b) retained the orders Ciconiiformes and Falcoililormes 
as they are presently constitutecl, with lour suborclers in each group. 
011  the basis of studies of egg-white protein, Sibley (1960) and Peakall 
(1963) reached very different conclusions regarding the relationships of 
the cathartid vnltures and other falconiforms. Sibley felt that the 



cathartitls wcre rclittetl to the accipitritls while Peak;tll lelt th;tt tliey 
were not. 

Recent cl;tssifications o l  bi~.tls of the worltl (Mayr ;tntl Amatlon, 
1951 ; Wetmore, 1951; ;~n t l  Stol-er, 1961) have placed the C;ttharticlae 
in the ortler of I;;tlconiformes, separating them ;rt the subortlinal 01. 

supd"rnilia1 level. 
I t  is : I ~ I X I ~ C I I L  that t11e1.e is little unanimity o l  opinion suppor t i~lg  

the position of the catlla~.titls in the ortlel- I;:~lconil'ornies. Why then 
11;tve thc New Worltl vultures been 1.etnitletl i l l  this group? Both 
Betltlitrtl (1898) ;tntl Joll ic (I!)',Y) ~)rovitle answers to this question. 
Uctlc1;trtl (18!)8:/185) st;rtetl: "l ' llc only gl.oul) whic.ll 1i;ts the tlistincti\fc 
characters of thc (:;tthartitlac (besitles of course the present g~'oulj)  is 
tll;tt of I-Ierotliones. l 'herc only (lo we fintl bil-tls with ;tnlbiens ant1 
exl);t~iso~- scc . t~~i t l ; t r io~. t~~n,  witl iot~t  biceps slip, I~olorllin:tl, ant1 with 
r~~ t l in~cn l : t ry  or ahsc~l t  cctcca. Tl lc  Steg;tnopotles ;dso are not I'ar 011. 
I t  ~.e;rlly c.olnes to tllc I)e;rk ant1 t.litws, the cerorna, ant1 to the 1wesenc.e 
of various s t ~ - ~ ~ c t u ~ . c s  (c.g., the peculiar palate, the basipterygoitl 111-oc- 
esses) which fol-hit1 their ;tssoci;ttion with the I-Ierotliones. Tlle sevcl-al 
groups ;ire not I;tr ofl, bu t  on tllc whole the i-\lncric.an V111tu1,es ;u-e 
more like the remaining birtls ol' prcy than like the storli tribe." T h i s  
statement is m;ttle by Redtlard despite I~ i s  tle~nonstr;~tion tli;tt the 
catll:~rtitls cliffel, lrom other f;tlconiCo~-ms in 2111 of eight malor charnc- 
te1.s listctl 1)y him. Joll ic (1953) thought tllat the main re;tso~l the 
order h;rs not been broken 111' ison"e01 convenience. " T o  selxtrate the 
tlin'esent gro1111s 01' thc Falconiformes woultl ~lecessitate setting 1111 

each f r a g ~ n e ~ l t  ;IS a tlistinct order or  ;tssociating the f r ag~r~en t s  ;IS parts 
of other ortlers. 1Soth ;letions l ~ t v e  been looketl ltpon ;IS 1.elxtgn;tnt, 
a ~ ~ d  the ortler 1i;ls beell left intact." 

METIIOIIS 

I n  ;tttempting to show relatio~lsllil~s between grot111s whicl1 appeal- 
to be ancient, o ~ i c  nitlst be careful not to ove~.-e~nl~h: ts i~e  any one 
ch;tracte~- or  set of chal-acters wl~icll the groups involvetl 111;ty 1l;tvc i l l  

common; ;it the same tiille Iie rlltlst realize t11:tt ~.el;itccl spec.ies or 
g ~ ' o u l ) s o l ' ~ c n  cxliibit one ol. more stl.iki11g1y tlill'e~,ent l'ectt~~res. 'l'wo 
ex;~nll~lcs illtrst~,ate tlies: tl;tngcl.s. 0 1 1  the b;tsis of theil. osteology ;tntl 
niyology the Oltl L\iorltl v ~ ~ l t l ~ r e s  ;\IT 11ncluestio11;tl)ly ;tc.cipit~.ids, bu t  
t l~e i r  t ;~~,s i ,  feet, ;tntl heatls are a~n;t/ingly simi1:tr to tliose of the 
c:tthartitls. 130111 g r o ~ ~ l ~ s l ~ a v c  all elevatetl h;rllux, stl.ong webbing be- 
tween the toes, retict~latc tarsi (other ;tccil,ilritls have ;ill incurnl~ent 



hallux, little webbing between the toes, antl have the t;ti.sus r e t i c~~ la te ,  
scutellate, booted, or feathered), a bare heat1 or one tentling towlartls 
bareness, and  a cere. A single genus in the family Accipitritlae, Elanlc.r, 
is schizognathous, while all other gener;t are t les~nogn;~t l~ous .  

Taxonomically pertinent characters of tlie herons, storks, New 
l/\Torlcl vultures, ztntl accipitritls (hawks, e;~gles, kites, ant1 Oltl Worlcl 
vultures) are tlescribed antl contrasted belo~v. Tliese four families ;tre 
well defined zuntl thus, to an extent, generalizations ; ~ h o u t  each (.;In 
be made. I have examinetl skeletons of 1-el)resentati\~es 01' each of the 
four families iintl the osteological tlescril)tions arc niy own. Terminol-  
ogy I'o1lo.c~~ that ol' Howard (1929). Genera exitminet1 i n c l ~ ~ t l e :  ;\rtleitl;te 
(Arclecr, Ca.rnierodi1r.s); Ciconiitlae ( Ib i .~ ,  S p h o i o ~ l r j ) ~ ~ c l r ~ r s ,  E l c x r ~ i ~ ~ m ,  
Jabirzi, Cico71 ia, ~\/lyctelY(r); Cathartitlae (Cor(rgqrps, Ctr fhnrtcs, S(1rr.o- 
mn7phlrs); ant1 Accipitriclae (Secro.syr.les, H(rli(rr~etrr.~, Htr2eoj. Osteo- 
logical charac~ers of a bone or region, sucll ;is ~ l ~ e  skull, have ~ ~ s u a l l y  
been treated in tabular form lor ease oS comparison. 

Without knowletlge ol' ~11e functional significance of the v;trious 
osteological cllaracters one cannot be certain of their relative im- 
portance in a study ol' phylogeny, ant1 I concetle this to be a \ve;tkness 
ol' this study. My l'eeling has been, however, that very few ol' the several 
really striking similarities between ciconiitls ;tntl c ; ~ t h ; ~ r t i ~ l s  c.ould be 
attributed LO convergence, while characters t11i1t ;ire c~oininon to herons 
and storks, antl to vultures antl accipitritls more certainly coultl be. 

Other charitcters are tliscussed in \vhi~t I consitler to be 21 decreasing 
order of importance. Frietlmann (1950: 4-6) may be consulted lor some 
atlclitional cathartid characters and  n discussion of the relationships of 
this l'amily to otller groups. 

OSTEOLOGY 

SICULI. (Fig. l ) . -T l~c  catll;irtiils arc  un ique  ;ltiiong tllc I~irtls cx;unincd in having 
the ~ ~ ~ a x i l l o ~ ~ a l a t i n c s  unfusctl. T h e y  ant1 the storks alone 11;lvc: ( I )  the alinas;lls, 
located tlorsal Lo the iiiaxillopala~incs, fused; (2) tllc I ;~cryn~als  fusccl to the  frontals; 
(3) functional 01. vcsligial basil~Lcrygoitl processes; ( 4 )  ;I slcntlcr ccietlimoitl; ( 5 )  the 
plcrygoitls slocky and  twistctl; :wtl ( 6 )  the ~ ,a l ;~ t i t l t s  ~.clarivcly sllort ; ~ n t l  deep, cLx- 
tending only to the ~iiitlrllc oF tlle o r l~ i l a l  rcgioii. Tlic,sc :mtl olllet. chnractcrs a rc  
sutllnlarizctl in T a l ~ l c  1 .  

Tl icrc  is a fo rau~cn  it1 ~ 1 1 c  tl~aiitliblc of tllc storlts ant1 v u l t u ~ ~ c ~ ,  b u t  not  in the 
herons o r  Iiawks. 

STI 'RNIJ\I . -TI~~ s t ~ r n u t i i  (10:s not yi-ltl n i ~ ~ c l i  iiifol.11intion oil rc lat ionsl~ips of the 
groi111s considcrctl iicrc. T ; ~ l ) l c  2 su1li1ll;lri7es sol~le  of tll:. stcl.n;~l fc;1tures of the 
four groups. 

P~r.\ ,rc < : ~ R I > L ~  (Fig. 2 ) . -T ;~ l~ lc  3 s~uil~tlai.iz:s soulc cllaractei.~ of the pelvic girtlie. 



1'1~;. 1 ,  jrelltr;ll \,iCws of thc skulls: ,I, ~lrdrrr  Ilri-o(/ios; I%, I l ~ i s  l r~rcorc~(~l~~rlrrs:  
C, c ~ ~ ~ ~ ~ ~ ~ / , ~  cl/rrl/,,,\; and 1). AT~~ri~ocyr1c~c I I I ~ I Z ~ I ~ ~ I I I S .  ;I. ~ l l a s i l l o ~ ~ ; ~ l ; ~ t i ~ l c ;  11, lacl-y11i;tl; 
c, I,:ll;tlillC; (1, Spl l( . l l~icl ;~l  I O S ( I . U I ~ ~ ;  C ,  1)tcvygoid; f ,  b;~siptcvygoitl process; g, basi- 

tc~nl'c)~.;~l plate.; 11, S I I ~ " . ; L O C C ~ ~ ' ~ L ; ~ ~ .  



1;~; .  2. Z.atcl.al views of pelvic girdles: A,  Artlen /lei-otlins; 11, Mycler ia  r r ~ ~ ~ e l - i -  
ccr~cc~; C:, ( : o r n g y / ) ~  n l ~ - c ~ l ~ r ~ ;  D, N e r r o s y r t e ~  ~ t~oncrc l~ t r s .  a, pubis; b, ischiu~ir; c ,  ilio- 
iscliiatic fcncstra; ti, antitrochanter. 
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F u ~ c u ~ u x r . - I n  the ardcids the clavicles are long and  weak with no large articulat- 
ing areas; the hypocleideum is long and pointed dorsally. T h e  ciconiid furculum 
is much more robust, will1 :I large articulating surface at  tile syrn~~hysis, and is 
l~neumatic.  T h e  furculun~ is also robust in the vultures, bu t  is vcry light and 
strongly bowetl. Therc  is a pneu~nat ic  fossa on the lateral sidc of each clavicle; the 
Ily11ocleideum is l~ointet l  anteriorly; the dorsal region is greatly expanded. T h e  
accipitrid claviclc is flattened with an articulating surface on the clorsolateral sidc; 
tlrc hypocleideunl is l~ointetl posteriorly; the dorsal region is greatly expantled. 

C o ~ ~ c o 1 ~ . - T h e  artlcitl coracoitl is vcry tlisti~~ctive: 110 col-acoidal fcncstl.a; shaft 
long ;rntl f l~rcular  facet stn;~ll ant1 only sliglltly slanted; l~rocoracoid long and 
curvetl upwmd. Tire coracoitlal fencstra is al~setlt in the storks; procoracoid process 
long ant1 curved ~ ~ l ~ w ; ~ r t l ;  t l ~ c  ;~nterior  cntl Inay be p n c ~ ~ n ~ a t i c .  :I col.;rcoidal fcncstra 
is present in the c;~tii;irtitls; tllc ~~socoracoid  process is sliort ;rnd extentls at  rig111 
angles from thc shaft; the tlistal entl is pncl~rnatic. T h e  accil~itrids possess a 
corxcoitlal fe11estr;r; ;I tlownwartl-pointing bracllial tuberosity; tlrc fr~rcular facet is 
sot~~cwlrat  curvetl; the sternocoracoitlal process is pointed. 

C~Rvlc.\r. \'lill.l 'l:l%~:\r:.-'1~~1~ llerons ] )OSS~SS 18-20 ccr\ic:rl \ertcbr:~e; the slorks, 
17-18; the vultures, 15-17; ;tntl tile I~ ;~wks ,  I:!-1-1. 

I ~ I J ~ I ~ ; R u s . - T I I C  111ajor cI1:11.:1cters of the I iu~~lcrl ls  of tllcse groul~s  arc given in 
T a l ~ l c  4. Tllat  of tllc ;~rdcitls is most ~ ln l ikc  the others, ,ul~ilc those of the ciconiitls 
and cathartitls a13pcar   no st alike. 

CARI~O~IP.I~~\C.\RI~US.-SIII)~~I~C~~I~I~, rite carl~ometac;rr~,us of tlrc Ilcrons ant1 storks, 
ant1 v ~ ~ l t l ~ r c s  ant1 ;~ccipitritls a])pcar to I,e simil;u.. Howcvcr, upon c l o ~ c  csanlina- 
lion one lintls tlistinct sinlilaritics I)eLwcc~l storks ;i~ltl \ulturcs, ;rnd strong tliffcr- 
cnces in these groulx fro111 Irerons ant1 Il;~wks, respectivctly. Alt lro~~gll  I feel that 
the carpomctacarprls provides sonlc of the best 1)ostcranial osteological evitlcncc 
for a rclationshil~ between storks and vultllrcs, this ele~llent did not prove to 11c 
sui tal~lc for i l lus~rat ion.  T a l ~ l c  5 gives the major tlistinguislling cllaractcrs of this 
element. 

Fea~un (Figs. 3 ;rntl 4).-The fctl~o~.;r of tllc storks ant1 vult~trcs arc similar. no111 
arc liigltly ~)~ leu~r l ; r t i c ,  stocky 1)onc.s i c r i l l r  rotlntlctl lleatls, short necks, ant1 with ;I 

rountlctl trocll;lntcs, wllcn viewed ~nctli;illy. Distally the external condyle, internal 
contlyle, intcrcotldylnr fossa, i ~ n d  flexor i ~ t t i l c l l ~ ~ ~ e n t s  are similar and quite  diKcscnt 
€roll1 111osc of the hwons and accipitritls. 

' ~ , \ I < s ~ ~ ~ ~ < ' I ' , \ ' I ' I \ K s I J ~  (Fig. 6).-Sonre ~llirr;~cters of tllis (~1e111ent ;we ~11111111:trized ill 
Table  7. 

T h e  ortler F;~lcoiliformes has prol~nbly rccci~ecl more carel'ul myo- 
logical stl~tly t11;1n any o ~ h e r  m;tjor group. T h e  work clone by Fisher 
(1946) on the c;~tl~articls is one oC the few that tleals ~ v i t h  all the genera 
01' a ~vell-marked lligher taxon. Huclson's (1948) s t ~ ~ t l y  oT the pel1.i~ 



1;1(:. 3. L;lte~.al victvs oI tllc right fc~ilor;~:  A,  Ardecr Irc,~otl ins;  n. i\.lyclerin crnreri- 

ccrrrcr; (:, (:or.rrgy/,s ~rrrntrrc; I ) ,  ~\'eo-o\yr-/ec ~ ~ r o ~ r n c l r r r s .  ;I, ~roclranter; b, cxter~rnl  
contlylc; c, fibular contlyle. 

;~ppentlages ol' tllc meml~ers  of' this o~,tlcr t lcmo~~str ;~tc t l  great tlissimi- 
larities in the Falconiformes. Rather tlian listing tl~ese, I simply 
point ou t  t l i ; ~ ~  he  I'ountl 20 "irnl>ortant tlifferences" between the 
c:~th;rrtitls ant1 typic;rl l;;~lco~les ant[ only nine " i r n l ~ o r t ; ~ n ~  simil:lrities." 

Tl le  great pectoral muscle, l'ector;~lis m;~,io~., is tloublc ill storks ;~nt l  
vultures, single in herons and  accipitrids ((;an-otl, 1874). I n  the i\rtlc;~e 
the Peroneus loiig~rs is S;~irly large, bu t  has only ;L superlic:ial origin; 
the P. brevis is well developetl. T h e  P. longus is 1;lrge ;rntl strong in  
the storks with n o  deep origin; the P. bi-evis is ; ~ l ~ s c n ~ .  T'lle 1'. l o ~ l g l ~ s  
is strong will1 ;I (lee11 origin in the c;~tll;~rtids, while the P. bl-evis is 
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very slender and  arises l'rom the clistal trvo-thircls oC the fibula. I11 the 
1:alcones both peroneals are present, but  tlie P. brevis is the more 
powerl'ul ancl the P. longus tends to be reducetl to only its deep origin. 
T h e  expansor secundariorum is absent in the Accil~itritlae but  is 
present in  the others (kiIitchel1, 191 3). 

Bedtlartl (1898:482) stated: "In (;yporcll~ts I- Sa~corctnzpl~~rs] pnp(r 
the te~lclons of the patagium are some\vhat complicatetl. T h e  brevis 
consists o l  a separate anterior and posterior section, o l  ~vllicll the latter 
is thiiiner and n1ol.e cliffuse. Tlle anterior telldoll clivides into txvo. of. 

l'rc:. '1. 1'oslcl.ior di~li t l  \ ~ C ' W S  of ~ c I I ~ ~ I . ; I :  A ,  i 1 r d ~ 1 1  l~ct.odin.~; B,  ~Jlycter in  nrtleri- 
cc111cr; C. Corcrgyf~s nt t . r r /~ i . \ :  11, Serro.ryr/cs ~t toi~nclzr~s.  ;I,  inlcrn;ll contlylc; 11, inter- 
contlyl;k~. fossn: c, c.xlcrl~;tl c o ~ ~ t l ) l e ;  tl, lil)ulal. condylc. 

rvllicll [he  lorcmost gives on' ;I slip to the longus. There  is no  Dircf,.~ 

s l i p  Tlic tcntlons, in [act, are thoroughly stork-like, as are t l~ose of' 
the conclor ( S ~ I ~ C ~ Y ~ I ~ ~ ~ / I / I I ~ . Y )  [= C ~ y r r ~ n o g ) ~ / ~ . s ]  ;ulcl C(~tl~c~rtcs.  In tllis 
c h a r : ~ c t c ~  tlie family is r w y  ~ ~ n i l ' o ~ - l n . "  

Carrot1 (1 873, 187.1) clevelopctl [lie tliigl~ m ~ ~ s c l e  form111;le for bilxls. 
T h e  lemoro-caucl;~l is representetl by A;  the accessory I'emoro-c;lutlal 
by R ;  tlie sel-nitentli~losus by S;  the accessory sernite~ltlinosus Ily Y ;  
ant1 tile presence 01- absence of the aml~iens  by a 111~1s or minus sign. 
I';~renclleses intlicatc t l ~ e  absence of' ;i muscle in one or more genei,a. 
,\cx-ortling to Carrotl, the c;~tl~aricls are (A)XY+; the storks (1-\)XY,i, 
(ambiens absent in one genus); herons AXY-; ancl hawks .A+. I-Ii~clson 
(1948) ~ ~ ~ ~ c s e n t s  the tlligh muscle l o r m ~ ~ l a c  of the catlinrtids ant1 other 
l'alconiforms in greater detail, I'urtller empllasi~ing their tlifferences. 



a b c  d 

1;1(;. 5.  Prosilnal ant1 distal anterior views of r ig l~ t  ti1,iotarsi: 11, Avtleo I~erotlicts; 
B, A.lycleria n111c'1,ic'c11ici; C,  Co~.trg)lI)s (11,-trtrrs; I), h'er.i.os)rrles r t iorr~ri~~cs.  a, fibu1;l; 
b, outer cnemial crcst; c, intcrcncmial ridge; d, inner cnenlial crcst; c, external con- 
tlyle; f, antcrior i ~ ~ r c ~ ~ c o n d y l a l -  fossa; g, internal contlylc; 11, tcndinal groovc; i, supl.;i- 
tc~ltlinal bridge. 
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Iri:. 6. I '~.osi~n;~l  antcriov views of tarson~ctat;~rsi: A, Arrleo I~c,rodirr.r; R, AIycterin 

o~~re?- icr r~/c l ;  C;, Co~-r rgyf~s rrtrrr1ic.c; D, iVecl-o.cyrles 111oircrc11ir.s. a, intercolylxr pronl- 
incl~cc; 11, proximal f o r ; ~ ~ n c n ;  c, tu1)crclc for ~ibial is  ;tnticus. 

Tlie myology strongly i~ltlicates that the cathartids are not closely 
related to the accipitricls, and, to a lesser degree, that the cathartids 
and ciconiids are related. 

NESTLING I'LUWl /\GI< 

Nestling cathartic1 vulttires, incorrectly saitl by Gadow (1893) to be 
hatchetl naked, possess two tlowny plumages prior to tle\lelopment of 
the juvenal plrun;~ge (see Finley, 1906: 140-1/11, ant1 I<ol'ord, 1'353, 131s. 
25-28). 1 have examined clo~wny chicks oi  the Black and Turkey ~111- 
tures. Thcy are hatchetl wit11 a coat of down covering the entire body 
except the lores, orbital region, ancl throat. 111 tlie Turkey Vulture 
the clown is white, ant1 the ventral side oL the throi~t is naked down 
to tlie Ixeast. T h e  first. coat in the Black Vulture is a b1lff.y brown, ant1 
its thro;~t is co~iered u p  to the gulai- 1-egion. T h e  seco~ltl down is darker 
in 130th species. 

Van Tyne ant1 Bergel- (1959) state incorrectly that storks are hatched 
naked. The  Wood Stork is Ii;ttched wit11 a sparse gray clown which is 
rcp1;tcctl alter about ten clays with a very dense, woolly white second 
down (ICalll, 1962). Rent (1927) tlescribed the downy plumage oT the 
Jabiru (.I. nzyctcriu): "In the dolvny young the lores ancl the spaces 
around the eyes are naketl; and there is a naked space encircling the 



TABLE 1 
CO.LIP.\RISOX OF SKULL CHARACTERS 

Cl~aracter  1 i r d e i d a e  Ciconiidae 1 C a ~ h i ~ r t i d a e  .Accipit~-idae 

Alinasals 
L a c l ~ r y ~ ~ ~ a l s  
Interorhital septum 

Palatines 
Aasipterygoid llrocess 
Pterygoids 

Opisthotic 

Splienoiclal rostrunl 
Basitemporal plate 

J'omer 

Supraoccipital 

Kot fused 
Not fused 
Conipletely open 

Long and  shallow 
None 
Long and  straight 

Does not extend below 
articulation of quatllate 
Broad ant1 flattened 
clorsall! 
Ridged 
S o t  separated from 
occipital c o n d ~ l e  

Laterally conlpressecl 
and  largely double 
Does not protrude in  
ventral view 

Fused 
Fused to frontals 
May have small 
opening 
Short and deep 
J.estigial o r  ahsznt 
Short. stocky, and 
twisted 
Extends far below ar-  
ticulation of quadrate 
Slender 

Cylindrical 
\\:ell separated fronl oc- 
cipital condyle and tri- 
angular in shape 

Single 

Protrudes posterior 
to rim of skull 

Intlirectly deslnogna 
thous, no  fusion of 
~nasi l lopalat ines 
Fused 
Fused to frontals 
hIay be open 

Short a n d  deep 
\\Tell developed 
Short and  trvi~tect 

Extends far I ~ ~ l o ~ v  a r -  
tic~ilation of quadrate 
Slender 

C: ylindrical 
\\:ell separated f r o ~ n  oc- 
cipital condyle with 
sLrong lateral 13roject- 
Lions; t r i a n g ~ ~ l a r  in 
shape 
Absent 

Protrudes posteriot 
to rill1 of skull 

S o t  fused 
Not fused 
>la\  be open 

Flattened a n d  shallorv 
None 
Long and  slender 

Extends slightly below 
articulation of quadrate 
Somewhat broadened 
and flattened tlorsally 
C~l indr ica l  
Less well separated from 
occipital condyle and 
w i t h o ~ ~ t  lateral rvings 

Single and  not expanded 

Does not  protrude pos- 
terior to rim of skull 





TABLE 3 
CO~IPARISON OF PELVIC GIRDLE CHARACTERS 

Character 1 r d e i d a e  Ciconiidae 1 Cathartidae I\ccipitl-itlae 
I 

Posterior ischium Unnotched Notchetl Notched Unnotched 

Ilioischiatic fenestra Elongate Elongate Rounded Slightly elongate 5 

Anterior iliac crest Does not overlie anti- Overlies antitrochanter RIay or ma)- not overlie Does not overlie 
b 
a 

trochanter antitrochanter antitrochanter s. 
m - 
> 

Pubis and ischiunl Separate Separate hfid-portion or entire -. 9 
posterior portion of pu-  L - - 
bis gone; anterior and 
posterior portions (when 
present) fused to ischiu~n 

Separate 

Curvature of girdle Slightly curved Slight angle above Slight angle above Bentls at  45" angle 
posteriorly antitrochanter antitrochanter above atltitrochal~ter 
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TABLE 7 
COJIPARISON OF TARSOMETATARSAL CHARACTERS 

1 

Character 1 - Ardeidae 1 Ciconiidac 1 C;itl~artidar I Accipitridae 

Hypotarsus Complex, large inner Simple and weakly Sin~ple and almost Sinlple 
ridge, two snlaller ridges U-shaped square posteriorly 
and one or two canals 

Intercotjlar p~o~l l inence  L.arge and l~ointed Large and pointed Less well developed Knob is reduced i 

laterally laterally than in herons or storks 

Tibialis anticus One tubercle One or two tubercles Two tubercles One tubercle 
of tibialis anticus 

r% 
Trochleae Kearly on a plane, Strongly curved posteri- Somewhat curved 130s- C~trved l~osteriorly, sec- - o - trochlea IX most proxi- orly, second trochlea teriorl)., second trochlea ond trochlea ~nucll  loxv- 

mal, and rounded sliglltly shorter than slightly longer than er than fourth and with 
fourth; facet for first fourth, outer ridges of a ~ ~ r o m i n e n t  lateral wing, 
nletatarsal long and nar- trocl~leae LIVO and four outer ridges of troch- 
row. outer ridges of tro- extend posterior to in- leae two and four ex- 
chleae two and four ex- ternal ridges 
tend posterior to inter- 
nal ridges 

tend posterior to inter- 
nal ridges 
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central part of the neck. Relow this naked space the lower neck ant1 
tlie entire body is completely covered with short, thick white down, 
locally tinged with yellowish, the top :tntl back ol the head are tliickly 
coveretl ;ant1 tlre sides of the heat1 and uppel- neck are scantily coveretl 
wit11 greyis11 white or yellowish wliite tlown." 

/\ tlowny young ;tccipitricl (Uuleo j(itt/ozce~rsis) possesses a complete 
downy coat covering the entire heat1 region. 1)owri leat11ei.s itre 
longest on the lle:ttl, ill  contrast to tlie c;atlaartids ant1 storks in whic11 
i l  is sllortcst in this region. Hawks llave two (1ow11y co;tts, while herons 
at 1iatt.liing :.are slxtrsely coveretl will1 it long thin (low11 ant1 acquire 
their juvenal pl11nl;tge while still small (Rent, 1937; Palmer, 19G2). 

In summary: tlie natal plumages, both in covering and sequence, 
al-e sinlilar in the storks ant1 vult~lres. They differ strongly lroin tliose 
of the herons ant1 to ;I lesser degree from tllose of the accipitl-ids. 

SYRINX 

Tlic artleids 1)ossess a tr;~cl~eobroncl~ial syrinx with illtrillsic muscles, 
as do the Falconiformes, except the cathartitls. Storks have a poorly 
tlevclopetl traclleal syrinx, but no intrinsic i'n~~scles. Cathartids have 
licitl~er syrinx nol- intrinsic sy1'inge;tl muscles. Tlle niembrana tympani- 
lormis may be present or absent in this group (Betld;trtl, 1898). 

Rotll storks ant1 vultures are voiceless, or nearly so, giving hisses or 
grunts. The  storks have utilized h e i r  large beaks to offset this deficiency, 
and clacking ol the mandibles may replace the voice. 

1;ishcr (1943) sa~mmarized the pterylography of all genera of catliar- 
tids. UnCortunately, no such concise treatment appears to be available 
for the other groul~s. Features distinguishing cathartids lrom other 
Salco~iifo~~ms include: absence ol 21 submalar apterium; vesligial or 
obsolete lateral cervical ;tl)teriuln; wide dorsal-cervical region; pres- 
ence of it rufl'; contina~ous dorsal and pelvic regions; fused sternal, 
axillar ant1 su11i1~:tlitr regions; 21 row ol large leathers in the posterior 
subaxillai- al.e;t; a definite stern;tl aptel-ium, ;I l'ernoral tract corlsis~ing 
of' live to seven long rows of lanccolate feathers on the posteriol- margin 
ol the thigh; lour alular quills; :tbsence ol a patagiuin about the bases 
of the rcctrices; an essentially nude oil gland; ant1 21 reducecl number 
of lower tail coverts. 

Chandler (1916) lists the following cllaracters tlistinguislling the 
C:icolii:~e 11-om the Artleae: (1) absence of 1,owder clown; (2) even dis- 



t r ibr~tion of ~) lumulcs  in both pteryl;rc :rntl ;rpteri;r, ;IS in the c;r~h;~~-ti t ls;  
(3) feathered lores; (4) witle pterylire. 

T h e  ;tltershalt is absent in the catll;r~.titls, present in other falconi- 
forms (except Pn71dioll), present in the :rrtleitls, ;rntl may be present, 
rudimentary, or  absent in  the Ciconiae. 

T h e  cathartitls Il;~ve 12-14 rectrices; the scol-ks 12; herons 10- 12; n~t t l  
hawks 12-1 4. 1\11 four groups have 10 fr~nction;rl 111.irn;rl-ies. 

Sibley (I!NiO), u t i l i ~ i n g  elec~~.ol>lro~.eric scl~;rl.;rtion, c.onc.lt~tlctl t11;tt 
the c:tthartids ;Ire 1.cl;rtetl to the acc.il,itritls, ; r t ~ t l  t l i ; ~ ~  l~e rons  ant1 storks 
also are 1.eIatet1. 1,atcr (letter, Sepc 1.3, I!)(iri), o11 the basis of boll1 
egg-white proteins iultl l ~ c m o g l o b i ~ ~  tl:~t;r lie st;rtctl "that the s ~ o r k s  ;rntl 
herons ; I I . ~  not esl)eci;rlly close ant1 ~teirllcl- ; I I T  tlrc New \4'orltl vt11t111.c~ 
ant1 typical I I ; I W ~ ~ . "  Also, the I.CSCIIII>I;III(.CS, in hot11 systc~irs, Ix- 
ilveen the C;trli;~rtitl;re ant1 <:iconiitI;rc ;r~.tt 1101 c.onvi~lc-ing. Pc;tk;rll 
(l!)(i3) conc-lutletl tll;rt the c.at11:rrtitls ;II-C not  closely ~.el;rtetl to the othcr 
I';rlconiI'o~-111s. (:o~~c.lt~sions ro be tlr;~wn I'rom tlic l)rotein evitlcnc.e ;rrr 
well st:i~ed by Sibley (I!)(iO: 232): " T l ~ e  l)ossil)lc I-e1;rtionsllips o f  thc 
(:iconiil'or-riles to ( l i ~ ~ r ~ r ; t l  birds of prey (bI;ry~. ;rn(I ~ \ n ~ i ~ ( I o n ,  1!)51) is 
not opl>oseetl by the egg-white evide~~c.c  1,111 neithel. is it strongly 
s~ppol'tc'1." 

C;arrotl (1875) I'or~ntl 11l;rt tile ;rrl.;lllgclncllt of (lie tlecp ~)l;rnt;tl ten- 
(Ions of the c;ttll;rrt itls M~;IS 11nicl1lc ; I I T I ~ I I ~  1)ilxls 1)ossessing ;rn ;1111I)ie1is 
~nt~sc-le. I-Ic conc.lutlctl: "The  arrangenlent ol)sc~.vctl in the (:;~~l~;rrritl;rc 
is i l l  n o  way ;~l l icd  to any o l  these, ;untl atltls :rnotlier in~l,ort;tnt l ) o i ~ l ~  
to (Ire 11l;lny nobv ~ I I O W I I  to se~);~r;rLe llie111 011 entirely I'roni tlrc f\c- 
cipi t1.c~ ver;te." 

T h e  herons, storks, ;rntl 1i;twks 1i;rvc. ; I I ~  a l . l ~ ~ n g c ~ n e n t  so~newllat 
si~nil;rr to each otller ;rntl of little -cvorth in sepa~.;rring tlreni. 

'l'lle I'ossil rcc.ortl of tllc stol-ks ;tnd vr11t111.c~ 11;rs not rcve;tletl inlor- 
11l;rtion coneel-ning their ~.cla~ionsll ips either ro c;rc-h o thc~ .  or  to t l ~ c  
llerons ;ultl ll;~wks, rcsl)cc-lively. ,\~cor.(~tlrtrrlc.(.s ( \f \ iet~~lorc,  1!)/11) oT the 
l<occne ol' \/Vyon~ing is ol interest, showing th;tt within the evol~tt ion;~ry 
1tistol.y of the c;~tll;rrtitls therc Ii;r\~c I ) C C I I  forms with ~.;ltllc~. sto~.k- 
like p~,oj>ortions of the legs. 
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1<:1hl (1963) showetl t l i ;~t  the Wood Stork cools itsell by excreting 
;I very tli111tc subst;~nce on the legs, thus S;lcilitating heat loss by evap- 
oration. I-Ie st;~tetl tliat this habit  appears to be wiclespread among 
storks of the worltl ant1 that he  has also seen Black Vul t t~res  excrete 
on tl~eil- legs. I too 1 ~ 1 v e  notetl this bellavior in  T ~ ~ r k e y  Vultures. Tl le  
I'i~nction;ll signific:~nce oT this habit  11;~s not been experiruentally 
studied in the cathartitls. 

111 tlie ;~rtlcitls the nostrils a1.e linear antl slightly perlorate. They 
;ire perl'o~.:rte in tllc ciconiids antl cathartids ant1 are imperforate in 
tlic hawks. 

T l ~ c  t ;~~.sus  ol' the herons is sc.utcll;~te in front, a t  least l~roxi~nal ly .  
It is ~ . c ( i c ~ ~ l ; ~ t c  in the storks ant1 V L I ~ ~ I I I - ~ S  ant1 ~~sll ; i l ly scutellate in the 
h;~tvks, i~lthougli in t l ~ c  latter it mi~y  be reticulate, booted, or I'eatheretl. 

7.11~ I i ;~ l l l~x  is i~ ic t~ lnben t  in tlre herons alitl typical 1l;iwks and  is 
elcv;~tctl ill tlie storks iiritl vultl~rcs. 

l ' lie lriitltlle cl;~w is 1)eclin;rte in tlie Iierons only, among the grorlps 
I~ct-c t.or~sitlcrctl. 

7'he bases ol' thc tocs ;Ire strol~gly wc1~l)etl in tlie storks and catliar- 
titls, ant1 ill the Oltl 14'ol.ltl \ , ~ ~ l t i ~ i - e s  (Accipitritlae). Tlic I~erons  ant1 
solnc ;~ccil)i~ritls 1i;tve ;I strong web hctwectl the tllirtl and foul-tli toes 
only. 

Tl lc  oil gl ;~ntl  is t t~ltct l  i l l  all except t l ~ c  catll:u,titls, ill wliicl1 i t  is 
naked. In t l ~ c  I<l;lc.k Vultu~.c, clown is often present on the oil gl;lntl 
(Fisllc~., 19/13). 

T h e  ranil>llotlrec;l is siniplc in  ;ill. 

C;~tl~;rrtitls typically soar while seirrc,hing for footl, eitlier singly or 
in grou1>s. Storks also ;Ire great soarers, and this is ~isecl as a loraging 
tcc.hnitluc. In tllc T/\'ootl Stork, som-ing is the prirn;~l.y means of movc- 
l i ic~it  I'rom the nesting to the I'eetling grountls. T h e  change I'rom 
soaring to gliding flight is market1 by :i conspicuous cliange in the 
shape of the wings sirnilar to that  described for the Black Vulttue 
(1<;1111, 1964: 103). 

120th storks ant1 VLI~LIII-es ;u.c opportunistic I'eetlcrs. Some storks Scetl 
1xitna1,ily on carrio11, otliers on fish, bu t  in a manIier completely 
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tliffere~it fronl that of tllc herons (Bent, 1927; Kalll, 1964), whilc 
others, such as the Mll~ite Stork, Cir.o?~icl cicorlin, feed on ;I witle 
variety of items (Haverschmitlt, 1949). New \i\io~-Id vultures rrlay feet1 
on veget;~blc ;IS well ;IS on ;unirn;ll matter. Squ;~sll, pumpkins (Be~rt, 
1937) ancl openeel coconuts (pers. obs.) Ili~virlg been 1.ecortlet1 ;IS l'ootl 
items. I t  sl~oulcl be noted that the Vultul,ine Sea Eagle (Gypolricrc~x 
crngolc~rsis) of' tlie lanlily Accipitriclae also is omnivorous, eating kernels 
ol the oil palm in season (Bannerrnan, 19.30). 

Aclc1ition;tl c1lar;lcters that were i~ivestig:~ted, but wllicll yielded 
little information concerning the phylogenetic affinities of the g~.oups 
uncle]. consicIer;~tion incl~ltle: carotitl arteries (Glenny, 1955); vestigial 
wing claws (Fishel-, 1940); tlrc sc,let.otic ring (Curtis nlitl Millel-, 1938); 
the tongile (C;;trner, 1925), ;tltl~ough the tongues of hero~ls and storks 
;Irc extremely clifferent; mallol)hagans (Clay, 195 1); intestin;~l con- 
volu tions antl caeca (Redtl;~l-tl, 19 10); egg color :tntl c111 tcll size; incu- 
bation and nestling periotls; courtshil~ beh;tvior; antl ~ ~ l u m i ~ g e  color 
ant1 patterns, altllough in the storks and vultiires there are basically 
only two plumage colors, black anti white. 

DISCUSSION 

T h e  g ro~~ps l l e r e  considered may represent some of the Inore striking 
examples of convergence to be fo1111d in the class Aves. T h e  two 
orders involved are quite likely polyphyletic, cach perllaps being conl- 
posed of three or four g r o ~ ~ p s .  (:ottam (1957) stated: "The Ciconi- 
iformes is basically a less ulliform group th;un the Pclecaniformes. 
Osteologically, it seems to be a collection of unrelated groups which, 
superficially, only have long beaks, long necks ;tnd long legs in conl- 
inon." Jollie (1953), in cliscussing the Falconil'ornles, conclutlecl: ". . . it 
is made u p  of four untlo~tbtetlly ~lnrelatetl gro~11)s (C:;~tll;trtielae, Sngit- 
tarilrs, Accipitridae-Pa1lclio11icIac and Fa1conid;le) ;~ntl perllaps ;I fifth 
(P;~~idionid;~e)." 

Tlle major pieces of osteological evitle11c.c i~itlicating ;I rclationsliip 
between storks and \ l~l l t i~~-es  include cllaractcrs of the skull, h~u~nerus, 
carpometac;wI'iIs, lemur, tibiotarsus, ant1 tarsomet;ttars~~s. T h e  pri- 
mary non-bone characters further inclic.ating this relationsliip ;KC: 
tendons ol the patagium, thigh muscle formulae, nestling plumage, 
poor clevelopmelnt or abscnce of ;I syrinx, ;untl ;~bsence ol intrinsic 
syriligcal ~nilscles. 'l'he extreme ;unatomic;ll clissimilari~ies ol 11cl-011s 
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ant1 storks, ant1 of vultures ant1 accipitritls fol-ce one to conclude either 
that anatomy does not reflect phylogeny or that these members o l  the 
orders Ciconiilormcs ant1 Falconif'ormes are not at  all closely relatecl. 
Most of these tlilfel-enccs have bzen k~iolvn Tor many years, I ~ u t  their 
signific;unce has not I~een lace([ antl the problem has been resolvetl by 
111at:ing these convcl-gent but basically \,el-y different grortps it1 different 
suborde~-s ~ l i t h i n  the same 01-tler. Both tlie statements o l  Eetltlarcl (1898) 
a11d ,Jollie (1!)53), t ~ l ~ o t e t l  earlier, derno~~st ra ta  the overritling cKect 
that cxtel-nal 01- s~rl~erIicial a l - ' p ~ w a r i e e s l ~ a v e  hat1 on 11i~he1- bird 

, . '  ' ,~ss~flt:ation. Cottarn's (1957) l~roposal  t11;lt IEaluel~iceps is allietl to the 
pelec;~nilorms rather than to the Ciconiil'ol-mes is an  example o l  a 

recent at ternl~t  to rec~i ly  this situation. 

From tile evitlence 111.escntetl hcre, I co~iclutlc that the following 
taxonolnic arrangenicnt more ;~cc~u-ately exl~resses tlie relationships of 
thc groups here consitlcred tll;un thosc in general use totlay. T11e posi- 
tion oT the other U;lmilies o l  tlie Ciconiilormes ant1 Falconiformes as 
p~-esently constituted, a s   ell as the orders l'elec;~niformes and  Pro- 
cc1l;u-iilornics, shoultl be re-examined before being inclutletl in this 
system. 

Orcler ArtleiSol-lnes 
Sl~bortler Artleae 

Family Artlciclae 
Orcler Ciconiil'ormes 

Srtbordcl- Ciconiae 
Family C;iconiicli~c 

Slr bortler Sarcoramphi 
Family V ~ ~ l t ~ i r i d ; ~ c  

Ortler i\ccipitrilormes 
Subortler Accil~itl-es 

Family Accipitridae 

1. Al t l~ough it Il;~s long- been known t l ~ t  there are many basic differ- 
ences between thc C:;~tha~-titlae ;uicl hccipitl-itlae, ant1 between the 
Artleidae ;~nt l  (;icoliiicl;~c, they have beell I-ctainctl i n  the s a n e  
orders, Falconiformes antl Ciconiilormes, rcspecti\iely. 

2. T h e  many and often striking anatomical si~nilarities of the New 
World vult~tres ant1 storks, coupled with other lines o l  evidence, 
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indicate that they are Inore recently derived fro111 a common 
ancestor than arc v~lltures ancl accipitrids, or storks and herons. 

3. Evitlence supporting this conclusion includes: osteological chai-ac- 
ters, especially ol the skull and several of the long bones, natal 
~~luinages, myology, patagial tentlons, ant1 absence of syringeal 
rnrlscles in both groups. 

4. Extreme cases ol' convergence are indicated by the s11pei-ficia! 
siinil:~rity, especially i l l  proportions, ol the herons and storks, ant1 
of Oltl ant1 New \i\Torlcl vultures. As stater1 above, anatomical inve:.ti- 
gations do not support these apparent similarities. 

5. A taxonoinic arrangemelit that more nearly shows the phylogeny 
of thesc groups 1vo~11d place the llerons ancl storks in separate ortlzrs, 
the vultures ant1 arcipitrids in separate ortlers, ancl the storks ;~ntl 
vultui-es in the same order, being separatecl at the suborclinal levcl. 

For stimulating discussion and various suggestions concerning this tol3ic. I wish 
to thank N.  L. Fortl, 1;. D. Gill, B. G. Murray, Jr.,  ancl M. Pllilip Kahl, Jr .  R. W. 
Storer and H. B. Tordoff read the n~atincript  and their helpful criticisms are 
appreciatetl. T h e  illustrations were rendered by John  Tottenham. Specimetis ex- 
ainitiecl arc from t l ~ c  IJ~iiversity of Michigan RiIusc~c~~l of Zoology. 
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